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99 problems: quantum physics  

1.  The work function of gold is 5.1 eV. We expose the metal to photons with a wavelength of 161 nm. 
Find out:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Maximum kinetic energy (in eV) of the electrons that are emitted.
   c) Maximum speed (in m/s) of the emitted electrons.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 243 nm,   b) 2.61 eV,   c) 9.57×105 m/s.

2.  We expose cobalt to an electromagnetic radiation to emit electrons (photoelectric effect) with a 
maximum kinetic energy of 1.46 eV. The maximum threshold wavelength of this metal is 248 nm. 
Calculate:
   a) Wavelength (in nm) of the incident photons.
   b) Energy (in eV) of each incident photon.
   c) Work function (in eV).
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 192 nm,   b) 6.46 eV,   c) 5 eV.

3.  The work function of copper is 7.53×10–19 J. When copper is exposed to electromagnetic radiation the 
emitted electrons have a maximum kinetic energy of 1.97 eV. Calculate:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Wavelength (in nm) of the incident photons.
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 264 nm,   b) 186 nm,   c) 0.8737 nm.

4.  We expose a sheet of platinum to light with a wavelength of  172 nm. The maximum threshold 
wavelength of this metal is 209 nm. Find out:
   a) Minimum threshold frequency (in Hz).
   b) Maximum speed (in m/s) of the emitted electrons.
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 1.43×1015 Hz,   b) 6.72×105 m/s,   c) 1.083 nm.
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99 problems: quantum physics  

5.  A sample of iron is exposed to an electromagnetic radiation and the emitted electrons have a maximum 
speed of 1.16×106 m/s. The work function of iron is 4.81 eV. Find out:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Minimum threshold frequency (in Hz).
   c) Wavelength (in nm) of the incident photons.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 258 nm,   b) 1.16×1015 Hz,   c) 144 nm.

6.  We expose the lead to photons with a wavelength of 172 nm. The emitted electrons have a maximum 
kinetic energy of 3.07 eV. Calculate:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Work function (in joules).
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 300 nm,   b) 6.63×10–19 J,   c) 0.6996 nm.

7.  The work function of nickel is 5.35 eV. We expose the metal to photons with a wavelength of 185 nm. 
Find out:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Maximum kinetic energy (in eV) of the electrons that are emitted.
   c) Maximum speed (in m/s) of the emitted electrons.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 232 nm,   b) 1.36 eV,   c) 6.91×105 m/s.

8.  We expose selenium to an electromagnetic radiation to emit electrons (photoelectric effect) with a 
maximum kinetic energy of 4.35 eV. The maximum threshold wavelength of this metal is 210 nm. 
Determine:
   a) Wavelength (in nm) of the incident photons.
   b) Energy (in eV) of each incident photon.
   c) Work function (in eV).
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 121 nm,   b) 10.25 eV,   c) 5.9 eV.
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99 problems: quantum physics  

9.  The work function of zinc is 6.89×10–19 J. When zinc is exposed to electromagnetic radiation the 
emitted electrons have a maximum kinetic energy of 1.64 eV. Determine:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Wavelength (in nm) of the incident photons.
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 289 nm,   b) 209 nm,   c) 0.9588 nm.

10.  We expose the niobium to photons with a wavelength of 147 nm. The maximum threshold wavelength 
of this metal is 289 nm. Find out:
   a) Minimum threshold frequency (in Hz).
   b) Maximum speed (in m/s) of the emitted electrons.
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 1.04×1015 Hz,   b) 1.21×106 m/s,   c) 0.6028 nm.

11.  A sample of sodium is exposed to an electromagnetic radiation and the emitted electrons have a 
maximum speed of 8.57×105 m/s. The work function of sodium is 2.36 eV. Find out:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Minimum threshold frequency (in Hz).
   c) Wavelength (in nm) of the incident photons.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 526 nm,   b) 5.71×1014 Hz,   c) 279 nm.

12.  We expose a sheet of aluminium to light with a wavelength of  193 nm. The emitted electrons have a 
maximum kinetic energy of 2.35 eV. Calculate:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Work function (in joules).
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 304 nm,   b) 6.54×10–19 J,   c) 0.8003 nm.
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99 problems: quantum physics  

13.  The work function of beryllium is 4.98 eV. We expose the metal to photons with a wavelength of 
216 nm. Calculate:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Maximum kinetic energy (in eV) of the electrons that are emitted.
   c) Maximum speed (in m/s) of the emitted electrons.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 249 nm,   b) 0.76 eV,   c) 5.18×105 m/s.

14.  We expose calcium to an electromagnetic radiation to emit electrons (photoelectric effect) with a 
maximum kinetic energy of 0.48 eV. The maximum threshold wavelength of this metal is 432 nm. Find out:
   a) Wavelength (in nm) of the incident photons.
   b) Energy (in eV) of each incident photon.
   c) Work function (in eV).
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 370 nm,   b) 3.35 eV,   c) 2.87 eV.

15.  The work function of caesium is 3.43×10–19 J. When caesium is exposed to electromagnetic radiation 
the emitted electrons have a maximum kinetic energy of 0.6 eV. Determine:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Wavelength (in nm) of the incident photons.
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 580 nm,   b) 453 nm,   c) 1.585 nm.

16.  We expose the potassium to photons with a wavelength of 424 nm. The maximum threshold 
wavelength of this metal is 542 nm. Determine:
   a) Minimum threshold frequency (in Hz).
   b) Maximum speed (in m/s) of the emitted electrons.
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 5.54×1014 Hz,   b) 4.73×105 m/s,   c) 1.538 nm.
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99 problems: quantum physics  

17.  A sample of gold is exposed to an electromagnetic radiation and the emitted electrons have a 
maximum speed of 8.62×105 m/s. The work function of gold is 5.1 eV. Calculate:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Minimum threshold frequency (in Hz).
   c) Wavelength (in nm) of the incident photons.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 243 nm,   b) 1.23×1015 Hz,   c) 172 nm.

18.  We expose a sheet of copper to light with a wavelength of  227 nm. The emitted electrons have a 
maximum kinetic energy of 0.77 eV. Calculate:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Work function (in joules).
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 264 nm,   b) 7.53×10–19 J,   c) 1.402 nm.

19.  The work function of sodium is 2.36 eV. We expose the metal to photons with a wavelength of 
322 nm. Determine:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Maximum kinetic energy (in eV) of the electrons that are emitted.
   c) Maximum speed (in m/s) of the emitted electrons.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 526 nm,   b) 1.49 eV,   c) 7.25×105 m/s.

20.  We expose zinc to an electromagnetic radiation to emit electrons (photoelectric effect) with a 
maximum kinetic energy of 2.1 eV. The maximum threshold wavelength of this metal is 289 nm. Calculate:
   a) Wavelength (in nm) of the incident photons.
   b) Energy (in eV) of each incident photon.
   c) Work function (in eV).
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 194 nm,   b) 6.4 eV,   c) 4.3 eV.
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99 problems: quantum physics  

21.  The work function of caesium is 3.43×10–19 J. When caesium is exposed to electromagnetic radiation 
the emitted electrons have a maximum kinetic energy of 0.5 eV. Calculate:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Wavelength (in nm) of the incident photons.
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 580 nm,   b) 470 nm,   c) 1.735 nm.

22.  We expose the potassium to photons with a wavelength of 318 nm. The maximum threshold 
wavelength of this metal is 542 nm. Determine:
   a) Minimum threshold frequency (in Hz).
   b) Maximum speed (in m/s) of the emitted electrons.
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 5.54×1014 Hz,   b) 7.53×105 m/s,   c) 0.9661 nm.

23.  A sample of gold is exposed to an electromagnetic radiation and the emitted electrons have a 
maximum speed of 1.22×106 m/s. The work function of gold is 5.1 eV. Determine:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Minimum threshold frequency (in Hz).
   c) Wavelength (in nm) of the incident photons.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 243 nm,   b) 1.23×1015 Hz,   c) 133 nm.

24.  We expose the zinc to photons with a wavelength of 228 nm. The emitted electrons have a maximum 
kinetic energy of 1.14 eV. Determine:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Work function (in joules).
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 289 nm,   b) 6.89×10–19 J,   c) 1.148 nm.
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99 problems: quantum physics  

25.  The work function of sodium is 2.36 eV. We expose the metal to photons with a wavelength of 
362 nm. Find out:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Maximum kinetic energy (in eV) of the electrons that are emitted.
   c) Maximum speed (in m/s) of the emitted electrons.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 526 nm,   b) 1.07 eV,   c) 6.13×105 m/s.

26.  We expose aluminium to an electromagnetic radiation to emit electrons (photoelectric effect) with a 
maximum kinetic energy of 2 eV. The maximum threshold wavelength of this metal is 304 nm. Calculate:
   a) Wavelength (in nm) of the incident photons.
   b) Energy (in eV) of each incident photon.
   c) Work function (in eV).
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 204 nm,   b) 6.08 eV,   c) 4.08 eV.

27.  The work function of carbon is 8.01×10–19 J. When carbon is exposed to electromagnetic radiation the 
emitted electrons have a maximum kinetic energy of 0.72 eV. Calculate:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Wavelength (in nm) of the incident photons.
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 248 nm,   b) 217 nm,   c) 1.448 nm.

28.  We expose a sheet of beryllium to light with a wavelength of  216 nm. The maximum threshold 
wavelength of this metal is 249 nm. Determine:
   a) Minimum threshold frequency (in Hz).
   b) Maximum speed (in m/s) of the emitted electrons.
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 1.20×1015 Hz,   b) 5.18×105 m/s,   c) 1.403 nm.
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99 problems: quantum physics  

29.  A sample of mercury is exposed to an electromagnetic radiation and the emitted electrons have a 
maximum speed of 1.05×106 m/s. The work function of mercury is 4.48 eV. Find out:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Minimum threshold frequency (in Hz).
   c) Wavelength (in nm) of the incident photons.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 277 nm,   b) 1.08×1015 Hz,   c) 163 nm.

30.  We expose the cadmium to photons with a wavelength of 267 nm. The emitted electrons have a 
maximum kinetic energy of 0.57 eV. Find out:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Work function (in joules).
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 304 nm,   b) 6.54×10–19 J,   c) 1.629 nm.

31.  The work function of calcium is 2.87 eV. We expose the metal to photons with a wavelength of 
238 nm. Find out:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Maximum kinetic energy (in eV) of the electrons that are emitted.
   c) Maximum speed (in m/s) of the emitted electrons.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 432 nm,   b) 2.34 eV,   c) 9.08×105 m/s.

32.  We expose magnesium to an electromagnetic radiation to emit electrons (photoelectric effect) with a 
maximum kinetic energy of 0.43 eV. The maximum threshold wavelength of this metal is 339 nm. Find out:
   a) Wavelength (in nm) of the incident photons.
   b) Energy (in eV) of each incident photon.
   c) Work function (in eV).
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 303 nm,   b) 4.09 eV,   c) 3.66 eV.
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99 problems: quantum physics  

33.  The work function of sodium is 3.78×10–19 J. When sodium is exposed to electromagnetic radiation 
the emitted electrons have a maximum kinetic energy of 1.43 eV. Determine:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Wavelength (in nm) of the incident photons.
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 526 nm,   b) 327 nm,   c) 1.024 nm.

34.  We expose the caesium to photons with a wavelength of 396 nm. The maximum threshold wavelength 
of this metal is 580 nm. Find out:
   a) Minimum threshold frequency (in Hz).
   b) Maximum speed (in m/s) of the emitted electrons.
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 5.17×1014 Hz,   b) 5.91×105 m/s,   c) 1.231 nm.

35.  A sample of potassium is exposed to an electromagnetic radiation and the emitted electrons have a 
maximum speed of 5.99×105 m/s. The work function of potassium is 2.29 eV. Find out:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Minimum threshold frequency (in Hz).
   c) Wavelength (in nm) of the incident photons.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 542 nm,   b) 5.54×1014 Hz,   c) 375 nm.

36.  We expose a sheet of gold to light with a wavelength of  162 nm. The emitted electrons have a 
maximum kinetic energy of 2.56 eV. Determine:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Work function (in joules).
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 243 nm,   b) 8.17×10–19 J,   c) 0.7667 nm.
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37.  The work function of cobalt is 5 eV. We expose the metal to photons with a wavelength of 158 nm. 
Calculate:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Maximum kinetic energy (in eV) of the electrons that are emitted.
   c) Maximum speed (in m/s) of the emitted electrons.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 248 nm,   b) 2.85 eV,   c) 1.00×106 m/s.

38.  We expose copper to an electromagnetic radiation to emit electrons (photoelectric effect) with a 
maximum kinetic energy of 4.63 eV. The maximum threshold wavelength of this metal is 264 nm. 
Calculate:
   a) Wavelength (in nm) of the incident photons.
   b) Energy (in eV) of each incident photon.
   c) Work function (in eV).
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 133 nm,   b) 9.33 eV,   c) 4.7 eV.

39.  The work function of platinum is 9.50×10–19 J. When platinum is exposed to electromagnetic radiation 
the emitted electrons have a maximum kinetic energy of 5.45 eV. Calculate:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Wavelength (in nm) of the incident photons.
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 209 nm,   b) 109 nm,   c) 0.5252 nm.

40.  We expose a sheet of iron to light with a wavelength of  131 nm. The maximum threshold wavelength 
of this metal is 258 nm. Determine:
   a) Minimum threshold frequency (in Hz).
   b) Maximum speed (in m/s) of the emitted electrons.
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 1.16×1015 Hz,   b) 1.28×106 m/s,   c) 0.5681 nm.
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41.  A sample of lead is exposed to an electromagnetic radiation and the emitted electrons have a 
maximum speed of 5.57×105 m/s. The work function of lead is 4.14 eV. Determine:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Minimum threshold frequency (in Hz).
   c) Wavelength (in nm) of the incident photons.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 300 nm,   b) 1.00×1015 Hz,   c) 247 nm.

42.  We expose the nickel to photons with a wavelength of 196 nm. The emitted electrons have a 
maximum kinetic energy of 0.98 eV. Find out:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Work function (in joules).
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 232 nm,   b) 8.57×10–19 J,   c) 1.239 nm.

43.  The work function of selenium is 5.9 eV. We expose the metal to photons with a wavelength of 
154 nm. Find out:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Maximum kinetic energy (in eV) of the electrons that are emitted.
   c) Maximum speed (in m/s) of the emitted electrons.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 210 nm,   b) 2.16 eV,   c) 8.71×105 m/s.

44.  We expose zinc to an electromagnetic radiation to emit electrons (photoelectric effect) with a 
maximum kinetic energy of 2.13 eV. The maximum threshold wavelength of this metal is 289 nm. 
Determine:
   a) Wavelength (in nm) of the incident photons.
   b) Energy (in eV) of each incident photon.
   c) Work function (in eV).
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 193 nm,   b) 6.43 eV,   c) 4.3 eV.
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45.  The work function of niobium is 6.89×10–19 J. When niobium is exposed to electromagnetic radiation 
the emitted electrons have a maximum kinetic energy of 1.17 eV. Calculate:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Wavelength (in nm) of the incident photons.
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 289 nm,   b) 227 nm,   c) 1.136 nm.

46.  We expose a sheet of sodium to light with a wavelength of  439 nm. The maximum threshold 
wavelength of this metal is 526 nm. Calculate:
   a) Minimum threshold frequency (in Hz).
   b) Maximum speed (in m/s) of the emitted electrons.
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 5.71×1014 Hz,   b) 4.05×105 m/s,   c) 1.796 nm.

47.  A sample of aluminium is exposed to an electromagnetic radiation and the emitted electrons have a 
maximum speed of 8.20×105 m/s. The work function of aluminium is 4.08 eV. Find out:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Minimum threshold frequency (in Hz).
   c) Wavelength (in nm) of the incident photons.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 304 nm,   b) 9.87×1014 Hz,   c) 207 nm.

48.  We expose a sheet of beryllium to light with a wavelength of  124 nm. The emitted electrons have a 
maximum kinetic energy of 5.03 eV. Determine:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Work function (in joules).
   c) The De Broglie wavelength of the electrons that are emitted.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 249 nm,   b) 7.98×10–19 J,   c) 0.5471 nm.
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49.  The work function of calcium is 2.87 eV. We expose the metal to photons with a wavelength of 
233 nm. Find out:
   a) Maximum threshold wavelength (in nm) of photons to produce photoelectric effect.
   b) Maximum kinetic energy (in eV) of the electrons that are emitted.
   c) Maximum speed (in m/s) of the emitted electrons.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 432 nm,   b) 2.45 eV,   c) 9.29×105 m/s.

50.  We expose caesium to an electromagnetic radiation to emit electrons (photoelectric effect) with a 
maximum kinetic energy of 0.56 eV. The maximum threshold wavelength of this metal is 580 nm. 
Determine:
   a) Wavelength (in nm) of the incident photons.
   b) Energy (in eV) of each incident photon.
   c) Work function (in eV).
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   me = 9.109×10–31 kg,   1 eV = 1.6022×10–19 J.

Answer: a) 460 nm,   b) 2.7 eV,   c) 2.14 eV.

51.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Find out:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 1.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 3 to level 1.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –2.180×10–18 J = –13.61 eV,   c) 102.6 nm.

52.  In the emission spectrum of hydrogen atom, the Balmer series is obtained when an electron falls from 
higher energy levels to level 2. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Determine the energy of the photons (in eV) given off for the line 
number 2 of the Balmer series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  2.551 eV,   6.169×1014 Hz,   486.3 nm.
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53.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Find out:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 4.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 8 to level 4.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –1.362×10–19 J = –0.8504 eV,   c) 1945 nm.

54.  In the emission spectrum of hydrogen atom, the Paschen series is obtained when an electron falls from 
higher energy levels to level 3. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Calculate the energy of the photons (in eV) given off for the line 
number 4 of the Paschen series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  1.234 eV,   2.984×1014 Hz,   1005 nm.

55.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Calculate:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 3.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 5 to level 3.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –2.422×10–19 J = –1.512 eV,   c) 1282 nm.

56.  In the emission spectrum of hydrogen atom, the Bracket series is obtained when an electron falls from 
higher energy levels to level 4. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Find out the energy of the photons (in eV) given off for the line 
number 1 of the Bracket series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  0.3061 eV,   7.402×1013 Hz,   4053 nm.
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57.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Determine:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 3.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 6 to level 3.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –2.422×10–19 J = –1.512 eV,   c) 1094 nm.

58.  In the emission spectrum of hydrogen atom, the Lyman series is obtained when an electron falls from 
higher energy levels to level 1. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Determine the energy of the photons (in eV) given off for the line 
number 3 of the Lyman series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  12.76 eV,   3.084×1015 Hz,   97.27 nm.

59.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Determine:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 2.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 3 to level 2.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –5.450×10–19 J = –3.401 eV,   c) 656.6 nm.

60.  In the emission spectrum of hydrogen atom, the Paschen series is obtained when an electron falls from 
higher energy levels to level 3. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Calculate the energy of the photons (in eV) given off for the line 
number 5 of the Paschen series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  1.299 eV,   3.141×1014 Hz,   955 nm.
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61.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Find out:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 1.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 4 to level 1.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –2.180×10–18 J = –13.61 eV,   c) 97.27 nm.

62.  In the emission spectrum of hydrogen atom, the Bracket series is obtained when an electron falls from 
higher energy levels to level 4. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Find out the energy of the photons (in eV) given off for the line 
number 2 of the Bracket series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  0.4724 eV,   1.142×1014 Hz,   2626 nm.

63.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Find out:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 3.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 8 to level 3.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –2.422×10–19 J = –1.512 eV,   c) 955 nm.

64.  In the emission spectrum of hydrogen atom, the Pfund series is obtained when an electron falls from 
higher energy levels to level 5. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Determine the energy of the photons (in eV) given off for the line 
number 4 of the Pfund series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  0.3763 eV,   9.098×1013 Hz,   3297 nm.
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65.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Calculate:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 1.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 3 to level 1.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –2.180×10–18 J = –13.61 eV,   c) 102.6 nm.

66.  In the emission spectrum of hydrogen atom, the Balmer series is obtained when an electron falls from 
higher energy levels to level 2. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Calculate the energy of the photons (in eV) given off for the line 
number 2 of the Balmer series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  2.551 eV,   6.169×1014 Hz,   486.3 nm.

67.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Calculate:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 3.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 7 to level 3.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –2.422×10–19 J = –1.512 eV,   c) 1005 nm.

68.  In the emission spectrum of hydrogen atom, the Lyman series is obtained when an electron falls from 
higher energy levels to level 1. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Determine the energy of the photons (in eV) given off for the line 
number 4 of the Lyman series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  13.06 eV,   3.158×1015 Hz,   94.99 nm.
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69.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Calculate:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 2.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 4 to level 2.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –5.450×10–19 J = –3.401 eV,   c) 486.3 nm.

70.  In the emission spectrum of hydrogen atom, the Pfund series is obtained when an electron falls from 
higher energy levels to level 5. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Calculate the energy of the photons (in eV) given off for the line 
number 2 of the Pfund series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  0.2666 eV,   6.445×1013 Hz,   4654 nm.

71.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Determine:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 4.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 7 to level 4.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –1.362×10–19 J = –0.8504 eV,   c) 2166 nm.

72.  In the emission spectrum of hydrogen atom, the Balmer series is obtained when an electron falls from 
higher energy levels to level 2. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Find out the energy of the photons (in eV) given off for the line 
number 4 of the Balmer series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  3.023 eV,   7.311×1014 Hz,   410.4 nm.
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73.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Determine:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 3.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 4 to level 3.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –2.422×10–19 J = –1.512 eV,   c) 1876 nm.

74.  In the emission spectrum of hydrogen atom, the Paschen series is obtained when an electron falls from 
higher energy levels to level 3. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Determine the energy of the photons (in eV) given off for the line 
number 1 of the Paschen series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  0.6614 eV,   1.599×1014 Hz,   1876 nm.

75.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Find out:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 1.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 4 to level 1.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –2.180×10–18 J = –13.61 eV,   c) 97.27 nm.

76.  In the emission spectrum of hydrogen atom, the Bracket series is obtained when an electron falls from 
higher energy levels to level 4. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Calculate the energy of the photons (in eV) given off for the line 
number 3 of the Bracket series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  0.5727 eV,   1.385×1014 Hz,   2166 nm.
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77.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Find out:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 2.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 7 to level 2.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –5.450×10–19 J = –3.401 eV,   c) 397.2 nm.

78.  In the emission spectrum of hydrogen atom, the Pfund series is obtained when an electron falls from 
higher energy levels to level 5. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Find out the energy of the photons (in eV) given off for the line 
number 5 of the Pfund series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  0.4082 eV,   9.870×1013 Hz,   3040 nm.

79.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Find out:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 2.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 5 to level 2.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –5.450×10–19 J = –3.401 eV,   c) 434.2 nm.

80.  In the emission spectrum of hydrogen atom, the Balmer series is obtained when an electron falls from 
higher energy levels to level 2. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Find out the energy of the photons (in eV) given off for the line 
number 2 of the Balmer series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  2.551 eV,   6.169×1014 Hz,   486.3 nm.
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81.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Calculate:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 3.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 7 to level 3.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –2.422×10–19 J = –1.512 eV,   c) 1005 nm.

82.  In the emission spectrum of hydrogen atom, the Paschen series is obtained when an electron falls from 
higher energy levels to level 3. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Determine the energy of the photons (in eV) given off for the line 
number 4 of the Paschen series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  1.234 eV,   2.984×1014 Hz,   1005 nm.

83.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Calculate:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 3.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 5 to level 3.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –2.422×10–19 J = –1.512 eV,   c) 1282 nm.

84.  In the emission spectrum of hydrogen atom, the Bracket series is obtained when an electron falls from 
higher energy levels to level 4. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Calculate the energy of the photons (in eV) given off for the line 
number 2 of the Bracket series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  0.4724 eV,   1.142×1014 Hz,   2626 nm.
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85.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Determine:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 1.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 4 to level 1.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –2.180×10–18 J = –13.61 eV,   c) 97.27 nm.

86.  In the emission spectrum of hydrogen atom, the Pfund series is obtained when an electron falls from 
higher energy levels to level 5. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Find out the energy of the photons (in eV) given off for the line 
number 3 of the Pfund series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  0.3316 eV,   8.019×1013 Hz,   3741 nm.

87.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Determine:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 2.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 3 to level 2.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –5.450×10–19 J = –3.401 eV,   c) 656.6 nm.

88.  In the emission spectrum of hydrogen atom, the Balmer series is obtained when an electron falls from 
higher energy levels to level 2. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Determine the energy of the photons (in eV) given off for the line 
number 1 of the Balmer series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  1.89 eV,   4.569×1014 Hz,   656.6 nm.
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89.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Find out:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 4.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 7 to level 4.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –1.362×10–19 J = –0.8504 eV,   c) 2166 nm.

90.  In the emission spectrum of hydrogen atom, the Bracket series is obtained when an electron falls from 
higher energy levels to level 4. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Find out the energy of the photons (in eV) given off for the line 
number 3 of the Bracket series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  0.5727 eV,   1.385×1014 Hz,   2166 nm.

91.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Calculate:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 3.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 8 to level 3.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –2.422×10–19 J = –1.512 eV,   c) 955 nm.

92.  In the emission spectrum of hydrogen atom, the Lyman series is obtained when an electron falls from 
higher energy levels to level 1. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Determine the energy of the photons (in eV) given off for the line 
number 1 of the Lyman series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  10.2 eV,   2.467×1015 Hz,   121.6 nm.
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93.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Calculate:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 3.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 6 to level 3.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –2.422×10–19 J = –1.512 eV,   c) 1094 nm.

94.  In the emission spectrum of hydrogen atom, the Balmer series is obtained when an electron falls from 
higher energy levels to level 2. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Calculate the energy of the photons (in eV) given off for the line 
number 3 of the Balmer series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  2.857 eV,   6.909×1014 Hz,   434.2 nm.

95.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Determine:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 1.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 5 to level 1.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –2.180×10–18 J = –13.61 eV,   c) 94.99 nm.

96.  In the emission spectrum of hydrogen atom, the Paschen series is obtained when an electron falls from 
higher energy levels to level 3. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Find out the energy of the photons (in eV) given off for the line 
number 4 of the Paschen series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  1.234 eV,   2.984×1014 Hz,   1005 nm.
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97.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Determine:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 4.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 6 to level 4.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –1.362×10–19 J = –0.8504 eV,   c) 2626 nm.

98.  In the emission spectrum of hydrogen atom, the Bracket series is obtained when an electron falls from 
higher energy levels to level 4. According to Bohr's theory, the energies allowed to an electron in the 
hydrogen atom are given by the so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is 
the quantum number of the energy level. Determine the energy of the photons (in eV) given off for the line 
number 2 of the Bracket series, its frequency and wavelength.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer:  0.4724 eV,   1.142×1014 Hz,   2626 nm.

99.  According to Bohr's theory, the energies allowed to an electron in the hydrogen atom are given by the 
so–called Bohr's Equation E = –A/n2, where A = 2.1799×10–18 J and n is the quantum number of the 
energy level. Determine:
   a) First ionization energy of hydrogen atom in eV.
   b) Energy of an electron (in J and eV) of a hydrogen atom when its energy level is 4.
   c) The wavelength (in nm) of a photon given off when the electron falls from level 8 to level 4.
Data: h = 6.6261×10–34 J·s,   c = 3×108 m/s,   1 eV = 1.6022×10–19 J.

Answer: a) 13.61 eV,   b) –1.362×10–19 J = –0.8504 eV,   c) 1945 nm.
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1.  A certain light bulb has a resistance of 230 . If a current of 0.913 A is going through it, calculate the 
voltage applied.
Answer:  210 V.

2.  A voltage of 230 V is applied to an 120  resistor. Find the current through the resistor.
Answer:  1.92 A.

3.  A voltage of 190 V is applied to a resistor and the current going through is found to be 2.11 A. Find the 
resistance of the resistor.
Answer:  90 .

4.  A battery with an emf (electromotive force) of 8 V has internal resistance of 0.5 . Find the voltage at 
the terminals of the battery when 49.2 mA is being drawn by an external load.
Answer:  7.98 V.

5.  A steady electric current of 0.3 A flows through a wire. How many coulombs of charge pass through 
the wire per minute?
Answer:  18 C.

6.  A charge of 1920 C was passed through a wire in 3 minutes. Calculate the average electric current 
during that interval.
Answer:  10.7 A.

7.  How long does it take for 520 C to pass a given point in a wire that carries an electric current of 5.8 A?
Answer:  89.7 s.

8.  Find the resistance of a resistor through which 120 C flow in 28 minutes if the potential difference 
across it is 22 V.
Answer:  308 .

9.  Find the electric resistance of a steel rod 33 m long, if its cross–sectional area is 0.9 mm2 and its 
resistivity is 1.30×10–7 ·m.
Answer:  4.77 .

10.  Calculate the resistivity of a wire 21 m long, if its cross–sectional area is 1.8 mm2 and its electric 
resistance is 0.762 .
Answer:  6.53×10–8 ·m.

11.  Calculate the electric resistance of a silver wire 1.8 mm in diameter and 9 m long if its resistivity is 
1.60×10–8 ·m.
Answer:  0.0565 .
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12.  A battery with an emf (electromotive force) of 19 V delivers 441.9 mA to a 40  load.
    a) What is the internal resistance of the battery?
    b) What is its terminal potential difference when joined to this load?
Answer:  a) 3 ,     b) 17.67 V.

13.  A 7 µF capacitor is charged to a potential difference of 16 V. Find the charge on the capacitor.
Answer:  112 µC.

14.  The charge on a 63 µF capacitor is 819 µC. Find the potential difference to which the capacitor was 
charged.
Answer:  13 V.

15.  When a capacitor is connected across an 117 V supply the charge is 2.34 mC. Determine its 
capacitance.
Answer:  20 µF.

16.  A certain light bulb has a resistance of 165 . If a current of 1.45 A is going through it, calculate the 
voltage applied.
Answer:  240 V.

17.  For the circuit shown below, the resistors are R1 = 14 ,  R2 = 28  and R3 = 21 . The circuit 

applied voltage is VA–VB = 37 V. Find:

  a) The circuit's total resistance.
  b) Current flowing through resistor R2.

  c) The voltage across R2.

Answer:  a) 63 ,     b) 0.5873 A,     c) 16.44 V.

18.  For the circuit shown below, the resistors are R1 = 29 ,  R2 = 27  and R3 = 9 . The circuit applied 

voltage is VA–VB = 27 V. Find:

  a) The circuit's total resistance.
  b) Current flowing through resistor R2.

  c) The voltage across R2.

Answer:  a) 5.476 ,     b) 1 A,     c) 27 V.

19.  For the circuit shown below, the resistors are R1 = 19 ,  R2 = 14  and R3 = 20 . The circuit 

applied voltage is VA–VB = 32 V. Find:

  a) The circuit's total resistance.
  b) Current flowing through resistor R2.

  c) The voltage across R2.

Answer:  a) 12.45 ,     b) 0.9697 A,     c) 13.58 V.
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20.  For the circuit shown below, the resistors are R1 = 28 ,  R2 = 11 ,  R3 = 18  and R4 = 2 . The 

circuit applied voltage is VA–VB = 39 V. Find:

  a) The circuit's total resistance.
  b) Current flowing through resistor R2.

  c) The voltage across R2.

Answer:  a) 13.22 ,     b) 1 A,     c) 11 V.

21.  For the circuit shown below, the resistors are R1 = 9 ,  R2 = 19 ,  R3 = 24 ,  R4 = 3  and 

R5 = 27 . The circuit applied voltage is VA–VB = 16 V. Find:

  a) The circuit's total resistance.
  b) Current flowing through resistor R2.

  c) The voltage across R2.

Answer:  a) 9.032 ,     b) 0.5714 A,     c) 10.86 V.

22.  For the circuit shown below, the resistors are R1 = 28  and R2 = 17 . The circuit applied voltage is 

VA–VB = 32 V. Find:

  a) The circuit's total resistance.
  b) Current flowing through resistor R2.

  c) The voltage across R2.

Answer:  a) 45 ,     b) 0.7111 A,     c) 12.09 V.

23.  For the circuit shown below, the resistors are R1 = 16  and R2 = 27 . The circuit applied voltage is 

VA–VB = 15 V. Find:

  a) The circuit's total resistance.
  b) Current flowing through resistor R2.

  c) The voltage across R2.

Answer:  a) 10.05 ,     b) 0.5556 A,     c) 15 V.

24.  For the circuit shown below, the resistors are R1 = 6 ,  R2 = 25  and R3 = 22 . The circuit applied 

voltage is VA–VB = 12 V. Find:

  a) The circuit's total resistance.
  b) Current flowing through resistor R2.

  c) The voltage across R2.

Answer:  a) 17.7 ,     b) 0.3173 A,     c) 7.933 V.
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25.  For the circuit shown below, the resistors are R1 = 16 ,  R2 = 5  and R3 = 4 . The circuit applied 

voltage is VA–VB = 11 V. Find:

  a) The circuit's total resistance.
  b) Current flowing through resistor R2.

  c) The voltage across R2.

Answer:  a) 25 ,     b) 0.44 A,     c) 2.2 V.

26.  For the circuit shown below, the resistors are R1 = 29 ,  R2 = 28  and R3 = 10 . The circuit 

applied voltage is VA–VB = 24 V. Find:

  a) The circuit's total resistance.
  b) Current flowing through resistor R2.

  c) The voltage across R2.

Answer:  a) 5.876 ,     b) 0.8571 A,     c) 24 V.

27.  For the circuit shown below, the resistors are R1 = 16 ,  R2 = 10  and R3 = 10 . The circuit 

applied voltage is VA–VB = 7 V. Find:

  a) The circuit's total resistance.
  b) Current flowing through resistor R2.

  c) The voltage across R2.

Answer:  a) 7.222 ,     b) 0.2692 A,     c) 2.692 V.

28.  For the circuit shown below, the resistors are R1 = 7 ,  R2 = 8 ,  R3 = 6  and R4 = 11 . The 

circuit applied voltage is VA–VB = 49 V. Find:

  a) The circuit's total resistance.
  b) Current flowing through resistor R2.

  c) The voltage across R2.

Answer:  a) 7.969 ,     b) 3.267 A,     c) 26.13 V.

29.  For the circuit shown below, the resistors are R1 = 6 ,  R2 = 19 ,  R3 = 15 ,  R4 = 21  and 

R5 = 11 . The circuit applied voltage is VA–VB = 19 V. Find:

  a) The circuit's total resistance.
  b) Current flowing through resistor R2.

  c) The voltage across R2.

Answer:  a) 7.251 ,     b) 0.76 A,     c) 14.44 V.
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30.  For the circuit shown below, the resistors are R1 = 22  and R2 = 24 . The circuit applied voltage is 

VA–VB = 25 V. Find:

  a) The circuit's total resistance.
  b) Current flowing through resistor R2.

  c) The voltage across R2.

Answer:  a) 46 ,     b) 0.5435 A,     c) 13.04 V.

31.  For the circuit shown below, the resistors are R1 = 11  and R2 = 17 . The circuit applied voltage is 

VA–VB = 45 V. Find:

  a) The circuit's total resistance.
  b) Current flowing through resistor R2.

  c) The voltage across R2.

Answer:  a) 6.679 ,     b) 2.647 A,     c) 45 V.

32.  For the circuit shown below, the resistors are R1 = 18 ,  R2 = 21  and R3 = 28 . The circuit 

applied voltage is VA–VB = 22 V. Find:

  a) The circuit's total resistance.
  b) Current flowing through resistor R2.

  c) The voltage across R2.

Answer:  a) 30 ,     b) 0.419 A,     c) 8.8 V.

33.  Two resistors, 18  and 26 , are connected in parallel. If the current through the 18  resistor is 
4.39 A, find:
     a) The current in the other resistor.
     b) The total power consumed by the two resistors.
Answer:  a) 3.04 A,     b) 587 W.

34.  Find the electric potential drop across a 94 W resistor that draws a current of 280 mA.
Answer:  336 V.

35.  A 24 W electric lamp draws a current of 230 mA. Find the voltage applied and the resistance of the 
lamp.
Answer:  104 V,     454 .

36.  A 22 kW electric heater operates at 285 V. Find the current, resistance, and energy (in joules and 
kW·h) generated in 30 minutes.
Answer:  77.2 A,      3.69 ,     3.96×107 J = 11 kW·h.

37.  The operating potential difference of a light bulb is 6.8 V and its power rating is 34 W. Calculate the 
current in the bulb and its resistance.
Answer:  5 A ,      1.36 .

5



99 problems: electricity  

38.  A light bulb has an operating potential difference of 30 V and draws a current of 2.7 A. Calculate its 
power rating and its resistance.
Answer:  81 W,      11.1 .

39.  How much does it cost to operate a 98 W light bulb for 26 days if electrical energy costs 0.072 $ 
per kW·h?
Answer:  4.4 $.

40.  A 76 W lamp is operated for 3 hours a day. How much energy does it take to operate the lamp for 
17 days? Express your answer in joules and kilowatt–hours.
Answer:  1.395×107 J,   3.876 kW·h.

41.  A resistor is rated at 725 W and its electrical resistance is 1420 .
     a) What is the maximum voltage that can be applied across the resistor?
     b) What is the current at this voltage?
Answer:  a) 1015 V,    b) 714.5 mA.

42.  Three resistors, 12 , 26 , and 36 , are connected in series across a battery that provides 31 V.
     a) Calculate the voltage across each resistor.
     b) Calculate the power dissipated in each resistor.
Answer:  a) 5.03 V,  10.9 V,  15.1 V,     b) 2.11 W,  4.56 W,  6.32 W.

43.  Two resistors, 20  and 27 , are connected in parallel. If the current through the 20  resistor is 
6.2 A, find:
     a) The current in the other resistor.
     b) The total power consumed by the two resistors.
Answer:  a) 4.59 A,     b) 1340 W.

44.  Find the electric potential drop across a 29 W resistor that draws a current of 3.5 A.
Answer:  8.29 V.

45.  A 62 W electric lamp draws a current of 2.5 A. Find the voltage applied and the resistance of the lamp.
Answer:  24.8 V,     9.92 .

46.  A 32 kW electric heater operates at 265 V. Find the current, resistance, and energy (in joules and 
kW·h) generated in 90 minutes.
Answer:  121 A,      2.19 ,     1.73×108 J = 48 kW·h.

47.  The operating potential difference of a light bulb is 14.5 V and its power rating is 61 W. Calculate the 
current in the bulb and its resistance.
Answer:  4.2 A ,      3.46 .
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48.  A light bulb has an operating potential difference of 16 V and draws a current of 2.9 A. Calculate its 
power rating and its resistance.
Answer:  46.4 W,      5.52 .

49.  How much does it cost to operate a 45 W light bulb for 8 days if electrical energy costs 0.059 $ 
per kW·h?
Answer:  0.51 $.

50.  For the circuit shown below, the resistors are R1 = 5 ,  R2 = 2   and  R3 = 6 . The voltage sources 

are 1 = 16 V  and  2 = 39 V. Calculate:

a) Current.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I = 4.231 A
 b) 21.15 V,    c) 8.462 V,    d) 89.5 W

51.  For the circuit shown below, the resistors are R1 = 3 ,  R2 = 3   and  R3 = 10 . The voltage sources 

are 1 = 28 V  and  2 = 15 V. Calculate:

a) Current.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I = 0.8125 A
 b) 2.438 V,    c) 2.438 V,    d) 1.98 W

52.  For the circuit shown below, the resistors are R1 = 4 ,  R2 = 3   and  R3 = 8 . The voltage sources 

are 1 = 7 V  and  2 = 39 V. Calculate:

a) Current.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I = 3.067 A
 b) 12.27 V,    c) 9.2 V,    d) 37.62 W
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53.  For the circuit shown below, the resistors are R1 = 9 ,  R2 = 10   and  R3 = 6 . The voltage sources 

are 1 = 29 V  and  2 = 22 V. Calculate:

a) Current.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I = 0.28 A
 b) 2.52 V,    c) 2.8 V,    d) 0.7056 W

54.  For the circuit shown below, the resistors are R1 = 4 ,  R2 = 11   and  R3 = 5 . The voltage sources 

are 1 = 13 V  and  2 = 44 V. Calculate:

a) Current.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I = 2.85 A
 b) 11.4 V,    c) 31.35 V,    d) 32.49 W

55.  For the circuit shown below, the resistors are R1 = 8 ,  R2 = 10   and  R3 = 7 . The voltage sources 

are 1 = 36 V  and  2 = 26 V. Calculate:

a) Current.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I = 0.4 A
 b) 3.2 V,    c) 4 V,    d) 1.28 W

56.  For the circuit shown below, the resistors are R1 = 12 ,  R2 = 5   and  R3 = 5 . The voltage sources 

are 1 = 24 V  and  2 = 27 V. Calculate:

a) Current.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.
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Answer:  a) I = 2.318 A
 b) 27.82 V,    c) 11.59 V,    d) 64.49 W

57.  For the circuit shown below, the resistors are R1 = 10 ,  R2 = 2   and  R3 = 4 . The voltage sources 

are 1 = 43 V  and  2 = 33 V. Calculate:

a) Current.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I = 0.625 A
 b) 6.25 V,    c) 1.25 V,    d) 3.906 W

58.  For the circuit shown below, the resistors are R1 = 5 ,  R2 = 5   and  R3 = 7 . The voltage sources 

are 1 = 35 V  and  2 = 23 V. Calculate:

a) Current.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I = 3.412 A
 b) 17.06 V,    c) 17.06 V,    d) 58.2 W

59.  For the circuit shown below, the resistors are R1 = 2 ,  R2 = 5   and  R3 = 9 . The voltage sources 

are 1 = 42 V  and  2 = 25 V. Calculate:

a) Current.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I = 1.063 A
 b) 2.125 V,    c) 5.313 V,    d) 2.258 W
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60.  For the circuit shown below, the resistors are R1 = 3 ,  R2 = 2   and  R3 = 10 . The voltage sources 

are 1 = 40 V  and  2 = 41 V. Calculate:

a) Current.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I = 5.4 A
 b) 16.2 V,    c) 10.8 V,    d) 87.48 W

61.  For the circuit shown below, the resistors are R1 = 8 ,  R2 = 3   and  R3 = 9 . The voltage sources 

are 1 = 36 V  and  2 = 10 V. Calculate:

a) Current.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I = 1.3 A
 b) 10.4 V,    c) 3.9 V,    d) 13.52 W

62.  For the circuit shown below, the resistors are R1 = 6 ,  R2 = 12   and  R3 = 11 . The voltage 

sources are 1 = 39 V  and  2 = 27 V. Calculate:

a) Current.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I = 2.276 A
 b) 13.66 V,    c) 27.31 V,    d) 31.08 W

63.  For the circuit shown below, the resistors are R1 = 11 ,  R2 = 10   and  R3 = 3 . The voltage 

sources are 1 = 13 V  and  2 = 5 V. Calculate:

a) Current.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.
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Answer:  a) I = 0.3333 A
 b) 3.667 V,    c) 3.333 V,    d) 1.222 W

64.  For the circuit shown below, the resistors are R1 = 6 ,  R2 = 8   and  R3 = 8 . The voltage sources 

are 1 = 26 V  and  2 = 32 V. Calculate:

a) Current.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I = 2.636 A
 b) 15.82 V,    c) 21.09 V,    d) 41.7 W

65.  For the circuit shown below, the resistors are R1 = 9 ,  R2 = 8   and  R3 = 2 . The voltage sources 

are 1 = 21 V  and  2 = 14 V. Calculate:

a) Current.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I = 0.3684 A
 b) 3.316 V,    c) 2.947 V,    d) 1.222 W

66.  For the circuit shown below, the resistors are R1 = 5 ,  R2 = 12   and  R3 = 4 . The voltage sources 

are 1 = 13 V  and  2 = 13 V. Calculate:

a) Current.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I = 1.238 A
 b) 6.19 V,    c) 14.86 V,    d) 7.664 W
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67.  For the circuit shown below, the resistors are R1 = 5 ,  R2 = 4   and  R3 = 7 . The voltage sources 

are 1 = 27 V  and  2 = 7 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 2.988 A,    I2 = 1.265 A,    I3 = 1.723 A

 b) 14.94 V,    c) 5.06 V,    d) 44.64 W

68.  For the circuit shown below, the resistors are R1 = 6 ,  R2 = 7   and  R3 = 10 . The voltage sources 

are 1 = 39 V  and  2 = 14 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 3.285 A,    I2 = 2.756 A,    I3 = 0.5291 A

 b) 19.71 V,    c) 19.29 V,    d) 64.74 W

69.  For the circuit shown below, the resistors are R1 = 4 ,  R2 = 10   and  R3 = 7 . The voltage sources 

are 1 = 37 V  and  2 = 31 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 2.986 A,    I2 = 0.5942 A,    I3 = 3.58 A

 b) 11.94 V,    c) 5.942 V,    d) 35.65 W

70.  For the circuit shown below, the resistors are R1 = 7 ,  R2 = 3 ,  R3 = 3   and  R4 = 12 . The 

voltage sources are 1 = 13 V  and  2 = 22 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.
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Answer:  a) I1 = 1.754 A,    I2 = 1.515 A,    I3 = 0.2398 A

 b) 12.28 V,    c) 4.544 V,    d) 21.55 W

71.  For the circuit shown below, the resistors are R1 = 5 ,  R2 = 5 ,  R3 = 7 ,  R4 = 5   and  R5 = 8 . 

The voltage sources are 1 = 42 V, 2 = 8 V and 3 = 20 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 2.048 A,    I2 = 0.1168 A,    I3 = 1.931 A

 b) 10.24 V,    c) 0.5842 V,    d) 20.97 W

72.  For the circuit shown below, the resistors are R1 = 4 ,  R2 = 8   and  R3 = 2 . The voltage sources 

are 1 = 43 V  and  2 = 11 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 7.286 A,    I2 = 0.3571 A,    I3 = 6.929 A

 b) 29.14 V,    c) 2.857 V,    d) 212.3 W

73.  For the circuit shown below, the resistors are R1 = 5 ,  R2 = 12   and  R3 = 3 . The voltage sources 

are 1 = 44 V  and  2 = 28 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 2.919 A,    I2 = 2.45 A,    I3 = 0.4685 A

 b) 14.59 V,    c) 29.41 V,    d) 42.6 W
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74.  For the circuit shown below, the resistors are R1 = 6 ,  R2 = 4   and  R3 = 5 . The voltage sources 

are 1 = 44 V  and  2 = 23 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 3.797 A,    I2 = 0.4459 A,    I3 = 4.243 A

 b) 22.78 V,    c) 1.784 V,    d) 86.52 W

75.  For the circuit shown below, the resistors are R1 = 7 ,  R2 = 4 ,  R3 = 3   and  R4 = 4 . The 

voltage sources are 1 = 23 V  and  2 = 7 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 2.713 A,    I2 = 1.376 A,    I3 = 1.337 A

 b) 18.99 V,    c) 5.505 V,    d) 51.52 W

76.  For the circuit shown below, the resistors are R1 = 8 ,  R2 = 11 ,  R3 = 9 ,  R4 = 8   and  

R5 = 7 . The voltage sources are 1 = 40 V, 2 = 13 V and 3 = 15 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 1.197 A,    I2 = 0.3249 A,    I3 = 0.8721 A

 b) 9.576 V,    c) 3.574 V,    d) 11.46 W

77.  For the circuit shown below, the resistors are R1 = 2 ,  R2 = 4   and  R3 = 12 . The voltage sources 

are 1 = 34 V  and  2 = 7 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.
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Answer:  a) I1 = 5.75 A,    I2 = 3.875 A,    I3 = 1.875 A

 b) 11.5 V,    c) 15.5 V,    d) 66.13 W

78.  For the circuit shown below, the resistors are R1 = 6 ,  R2 = 7   and  R3 = 8 . The voltage sources 

are 1 = 41 V  and  2 = 16 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 3.445 A,    I2 = 2.904 A,    I3 = 0.5411 A

 b) 20.67 V,    c) 20.33 V,    d) 71.22 W

79.  For the circuit shown below, the resistors are R1 = 11 ,  R2 = 4   and  R3 = 3 . The voltage sources 

are 1 = 17 V  and  2 = 5 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 1.169 A,    I2 = 0.2135 A,    I3 = 1.382 A

 b) 12.85 V,    c) 0.8539 V,    d) 15.02 W

80.  For the circuit shown below, the resistors are R1 = 9 ,  R2 = 9 ,  R3 = 3   and  R4 = 9 . The 

voltage sources are 1 = 42 V  and  2 = 40 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 4.123 A,    I2 = 2.494 A,    I3 = 1.63 A

 b) 37.11 V,    c) 22.44 V,    d) 153 W
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81.  For the circuit shown below, the resistors are R1 = 2 ,  R2 = 9 ,  R3 = 8 ,  R4 = 1   and  R5 = 3 . 

The voltage sources are 1 = 37 V, 2 = 22 V and 3 = 9 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 2.59 A,    I2 = 1.686 A,    I3 = 0.9038 A

 b) 5.179 V,    c) 15.17 V,    d) 13.41 W

82.  For the circuit shown below, the resistors are R1 = 10 ,  R2 = 6   and  R3 = 10 . The voltage 

sources are 1 = 29 V  and  2 = 7 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 1.791 A,    I2 = 0.6818 A,    I3 = 1.109 A

 b) 17.91 V,    c) 4.091 V,    d) 32.07 W

83.  For the circuit shown below, the resistors are R1 = 11 ,  R2 = 9 ,  R3 = 2 ,  R4 = 2 ,  R5 = 7   

and  R6 = 6 . The voltage sources are 1 = 42 V  and  2 = 8 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 1.812 A,    I2 = 1.839 A,    I3 = 2.359 A

     I4 = 0.5205 A,    I5 = 1.292 A,    I6 = 0.547 A

 b) 19.93 V,    c) 16.31 V,    d) 36.12 W
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84.  For the circuit shown below, the resistors are R1 = 4 ,  R2 = 6 ,  R3 = 11 ,  R4 = 7 ,  R5 = 9   

and  R6 = 11 . The voltage sources are 1 = 10 V, 2 = 10 V and 3 = 8 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 0.5918 A,    I2 = –0.06992 A,    I3 = 0.03894 A

     I4 = 0.5219 A,    I5 = 0.483 A,    I6 = 0.5529 A

 b) 2.367 V,    c) 3.551 V,    d) 1.401 W

85.  For the circuit shown below, the resistors are R1 = 10 ,  R2 = 8 ,  R3 = 1 ,  R4 = 6 ,  R5 = 10   

and  R6 = 9 . The voltage sources are 1 = 17 V  and  2 = 5 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 0.8113 A,    I2 = 1.036 A,    I3 = 1.23 A

     I4 = 0.1945 A,    I5 = 0.6167 A,    I6 = 0.4189 A

 b) 8.113 V,    c) 6.49 V,    d) 6.581 W

86.  For the circuit shown below, the resistors are R1 = 7 ,  R2 = 11 ,  R3 = 2 ,  R4 = 10 ,  R5 = 6   

and  R6 = 3 . The voltage sources are 1 = 19 V, 2 = 19 V and 3 = 24 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 0.5293 A,    I2 = 0.6102 A,    I3 = –0.9614 A

     I4 = 1.139 A,    I5 = 2.101 A,    I6 = 1.491 A

 b) 3.705 V,    c) 5.823 V,    d) 1.961 W
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87.  For the circuit shown below, the resistors are R1 = 11 ,  R2 = 10 ,  R3 = 5 ,  R4 = 7 ,  R5 = 9   

and  R6 = 11 . The voltage sources are 1 = 31 V  and  2 = 8 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 1.128 A,    I2 = 1.141 A,    I3 = 1.275 A

     I4 = 0.1344 A,    I5 = 0.9934 A,    I6 = 0.1476 A

 b) 12.41 V,    c) 11.28 V,    d) 13.99 W

88.  For the circuit shown below, the resistors are R1 = 11 ,  R2 = 11 ,  R3 = 4 ,  R4 = 3 ,  R5 = 4   

and  R6 = 4 . The voltage sources are 1 = 20 V, 2 = 39 V and 3 = 37 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 0.6014 A,    I2 = 3.775 A,    I3 = –1.591 A

     I4 = 4.377 A,    I5 = 5.967 A,    I6 = 2.192 A

 b) 6.616 V,    c) 6.616 V,    d) 3.979 W

89.  For the circuit shown below, the resistors are R1 = 4 ,  R2 = 11 ,  R3 = 2 ,  R4 = 8 ,  R5 = 12   

and  R6 = 2 . The voltage sources are 1 = 39 V  and  2 = 13 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 1.813 A,    I2 = 3.719 A,    I3 = 4.156 A

     I4 = 0.4375 A,    I5 = 1.375 A,    I6 = 2.344 A

 b) 7.25 V,    c) 19.94 V,    d) 13.14 W
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90.  For the circuit shown below, the resistors are R1 = 3 ,  R2 = 9 ,  R3 = 9 ,  R4 = 11 ,  R5 = 5   

and  R6 = 12 . The voltage sources are 1 = 26 V, 2 = 38 V and 3 = 49 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 0.2131 A,    I2 = 2.592 A,    I3 = –0.8237 A

     I4 = 2.805 A,    I5 = 3.629 A,    I6 = 1.037 A

 b) 0.6394 V,    c) 1.918 V,    d) 0.1363 W

91.  For the circuit shown below, the resistors are R1 = 8 ,  R2 = 11 ,  R3 = 1 ,  R4 = 2 ,  R5 = 10   

and  R6 = 9 . The voltage sources are 1 = 31 V  and  2 = 9 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 1.465 A,    I2 = 1.748 A,    I3 = 2.219 A

     I4 = 0.471 A,    I5 = 0.9942 A,    I6 = 0.7535 A

 b) 11.72 V,    c) 16.12 V,    d) 17.18 W

92.  For the circuit shown below, the resistors are R1 = 10 ,  R2 = 3 ,  R3 = 7 ,  R4 = 11 ,  R5 = 1   

and  R6 = 4 . The voltage sources are 1 = 44 V, 2 = 10 V and 3 = 11 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 2.552 A,    I2 = –1.627 A,    I3 = 0.09424 A

     I4 = 0.9245 A,    I5 = 0.8303 A,    I6 = 2.457 A

 b) 25.52 V,    c) 7.655 V,    d) 65.11 W
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93.  For the circuit shown below, the resistors are R1 = 5 ,  R2 = 11 ,  R3 = 5 ,  R4 = 6 ,  R5 = 12   

and  R6 = 10 . The voltage sources are 1 = 45 V  and  2 = 14 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 1.929 A,    I2 = 1.711 A,    I3 = 2.219 A

     I4 = 0.5079 A,    I5 = 1.421 A,    I6 = 0.2905 A

 b) 9.643 V,    c) 21.21 V,    d) 18.6 W

94.  For the circuit shown below, the resistors are R1 = 6 ,  R2 = 9 ,  R3 = 2 ,  R4 = 6 ,  R5 = 2   and 

 R6 = 9 . The voltage sources are 1 = 9 V, 2 = 35 V and 3 = 19 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 0.1838 A,    I2 = 1.619 A,    I3 = –2.288 A

     I4 = 1.803 A,    I5 = 4.091 A,    I6 = 2.471 A

 b) 1.103 V,    c) 1.654 V,    d) 0.2027 W

95.  For the circuit shown below, the resistors are R1 = 3 ,  R2 = 9 ,  R3 = 5 ,  R4 = 8 ,  R5 = 9   and 

 R6 = 4 . The voltage sources are 1 = 36 V  and  2 = 14 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 1.886 A,    I2 = 2.219 A,    I3 = 2.394 A

     I4 = 0.1749 A,    I5 = 1.711 A,    I6 = 0.5078 A

 b) 5.658 V,    c) 16.97 V,    d) 10.67 W
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96.  For the circuit shown below, the resistors are R1 = 10 ,  R2 = 9 ,  R3 = 5 ,  R4 = 7 ,  R5 = 1   

and  R6 = 10 . The voltage sources are 1 = 32 V, 2 = 16 V and 3 = 46 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = –0.1963 A,    I2 = 5.85 A,    I3 = –0.7693 A

     I4 = 5.654 A,    I5 = 6.423 A,    I6 = 0.573 A

 b) 1.963 V,    c) 1.767 V,    d) 0.3854 W

97.  For the circuit shown below, the resistors are R1 = 6 ,  R2 = 4 ,  R3 = 2 ,  R4 = 12 ,  R5 = 7   

and  R6 = 6 . The voltage sources are 1 = 22 V  and  2 = 8 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 1.574 A,    I2 = 2.021 A,    I3 = 2.18 A

     I4 = 0.1587 A,    I5 = 1.415 A,    I6 = 0.6066 A

 b) 9.441 V,    c) 6.294 V,    d) 14.86 W

98.  For the circuit shown below, the resistors are R1 = 3 ,  R2 = 10 ,  R3 = 7 ,  R4 = 12 ,  R5 = 5   

and  R6 = 6 . The voltage sources are 1 = 43 V, 2 = 11 V and 3 = 41 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 0.7956 A,    I2 = 1.72 A,    I3 = 0.3529 A

     I4 = 2.516 A,    I5 = 2.163 A,    I6 = 0.4428 A

 b) 2.387 V,    c) 7.956 V,    d) 1.899 W
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99.  For the circuit shown below, the resistors are R1 = 6 ,  R2 = 8 ,  R3 = 5 ,  R4 = 11 ,  R5 = 10   

and  R6 = 5 . The voltage sources are 1 = 39 V  and  2 = 12 V. Find:

a) Currents.
b) The voltage across R1.

c) The voltage across R2.

d) Power consumed by R1.

Answer:  a) I1 = 1.807 A,    I2 = 1.814 A,    I3 = 2.104 A

     I4 = 0.2892 A,    I5 = 1.518 A,    I6 = 0.2964 A

 b) 10.84 V,    c) 14.46 V,    d) 19.6 W
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1.  Find the work done by a force of 44 N  pushing a spoon 93 m.
Answer: 4092 J.

2.  What force is needed to move a laundry basket 4.6 m if 7600 J of work are accomplished?
Answer: 1652 N.

3.  A box is pushed by a man with a force of 110 N. The work done on the box is 6500 J. How far was the 
box moved?
Answer: 59.09 m.

4.  A box is pushed 49 m by a man. The amount of work done was 8500 J.  How much force is exerted on 
the box?
Answer: 173.5 N.

5.  Find the gain in kinetic energy of a cart that has an unbalanced force of 635 N acting through a distance 
of 98.8 m.
Answer: 62740 J.

6.  A man is able to exert 620 N of force while moving a box. The work done on the box is 3500 J. How 
far was the box moved?
Answer: 5.645 m.

7.  Find the work done by a force of 17 N  pushing a ballpen 62.6 m.
Answer: 1064 J.

8.  What force is needed to move a box 6 m if 8500 J of work are accomplished?
Answer: 1417 N.

9.  A laundry basket is pushed by a man with a force of 310 N. The work done on the laundry basket is 
4000 J. How far was the laundry basket moved?
Answer: 12.9 m.

10.  A box is pushed 68 m by a man. The amount of work done was 13000 J.  How much force is exerted 
on the box?
Answer: 191.2 N.

11.  Find the gain in kinetic energy of a cart that has an unbalanced force of 70 N acting through a distance 
of 50 m.
Answer: 3500 J.
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12.  A man is able to exert 385 N of force while moving a box. The work done on the box is 7000 J. How 
far was the box moved?
Answer: 18.18 m.

13.  Find the work done by a force of 23 N  pushing a glassware 95.1 m.
Answer: 2187 J.

14.  What force is needed to move a laundry basket 8.3 m if 6100 J of work are accomplished?
Answer: 734.9 N.

15.  A ball is pushed by a man with a force of 190 N. The work done on the ball is 4000 J. How far was the 
ball moved?
Answer: 21.05 m.

16.  A box is pushed 39 m by a man. The amount of work done was 9500 J.  How much force is exerted on 
the box?
Answer: 243.6 N.

17.  Find the gain in kinetic energy of a cart that has an unbalanced force of 405 N acting through a 
distance of 19.3 m.
Answer: 7817 J.

18.  A man is able to exert 590 N of force while moving a box. The work done on the box is 15500 J. How 
far was the box moved?
Answer: 26.27 m.

19.  Find the work done by a force of 24 N  pushing a cellular telephone 34.7 m.
Answer: 832.8 J.

20.  What force is needed to move a piano 4.5 m if 7800 J of work are accomplished?
Answer: 1733 N.

21.  A laundry basket is pushed by a man with a force of 135 N. The work done on the laundry basket is 
13500 J. How far was the laundry basket moved?
Answer: 100 m.

22.  A box is pushed 98 m by a man. The amount of work done was 10000 J.  How much force is exerted 
on the box?
Answer: 102 N.
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23.  Find the gain in kinetic energy of a cart that has an unbalanced force of 435 N acting through a 
distance of 71.6 m.
Answer: 31150 J.

24.  A man is able to exert 430 N of force while moving a box. The work done on the box is 18000 J. How 
far was the box moved?
Answer: 41.86 m.

25.  Find the work done by a force of 21 N  pushing a knife 44.5 m.
Answer: 934.5 J.

26.  What force is needed to move a laundry basket 7.7 m if 4000 J of work are accomplished?
Answer: 519.5 N.

27.  A ball is pushed by a man with a force of 190 N. The work done on the ball is 2500 J. How far was the 
ball moved?
Answer: 13.16 m.

28.  A box is pushed 83 m by a man. The amount of work done was 16500 J.  How much force is exerted 
on the box?
Answer: 198.8 N.

29.  Find the gain in kinetic energy of a cart that has an unbalanced force of 100 N acting through a 
distance of 74.4 m.
Answer: 7440 J.

30.  A man is able to exert 680 N of force while moving a box. The work done on the box is 10000 J. How 
far was the box moved?
Answer: 14.71 m.

31.  Find the work done by a force of 74 N  pushing a knife 30.9 m.
Answer: 2287 J.

32.  What force is needed to move a box 7.8 m if 3700 J of work are accomplished?
Answer: 474.4 N.

33.  A piano is pushed by a man with a force of 165 N. The work done on the piano is 14500 J. How far 
was the piano moved?
Answer: 87.88 m.
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34.  How high would you have to lift an 155 kg object to give it a gravitational potential energy of 24300 J?
Answer: 16 m.

35.  A stone has a mass of 88 kg and it is moving with a speed of 20 m/s. If its height above ground is 
59 m, calculate its mechanical energy.
Answer: 68480 J.

36.  Find the kinetic energy of a roller coaster car with a mass of 1700 kg that is moving with a speed of 
52 m/s.
Answer: 2.298×106 J.

37.  An object with a kinetic energy of 29600 J has a mass of 41 kg. Find its velocity.
Answer: 38 m/s.

38.  A stone has a kinetic energy of 3.971×106 J and its velocity is 76 m/s. Find its mass.
Answer: 1375 kg.

39.  Calculate the gravitational potential energy of an 110 kg box that is 16 m above the surface of the 
earth.
Answer: 17250 J.

40.  Find the mass of a rock if its gravitational potential energy is 1.893×105 J and it's 69 m above ground.
Answer: 280 kg.

41.  What distance is an object from the floor if the object contains 41160 J of gravitational potential 
energy and has a mass of 175 kg?
Answer: 24 m.

42.  A stone has a mass of 53 kg and it is moving with a speed of 5 m/s. If its height above ground is 62 m, 
calculate its mechanical energy.
Answer: 32870 J.

43.  Calculate the kinetic energy of an automobile with a mass of 1245 kg traveling at 48 m/s.
Answer: 1.434×106 J.

44.  A stone has a mass of 76 kg and a kinetic energy of 950 J. Calculate its speed.
Answer: 5 m/s.

45.  A stone has a kinetic energy of 1.883×106 J and its velocity is 45 m/s. Find its mass.
Answer: 1860 kg.
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99 problems: work, energy and power  

46.  Calculate the gravitational potential energy of an 120 kg box that is 62 m above the surface of the 
earth.
Answer: 72910 J.

47.  Find the mass of a rock if its gravitational potential energy is 98780 J and it's 42 m above ground.
Answer: 240 kg.

48.  What distance is an object from the floor if the object contains 66150 J of gravitational potential 
energy and has a mass of 90 kg?
Answer: 75 m.

49.  A stone has a mass of 12 kg and it is moving with a speed of 58 m/s. If its height above ground is 
40 m, calculate its mechanical energy.
Answer: 24890 J.

50.  Calculate the kinetic energy of an automobile with a mass of 1340 kg traveling at 35 m/s.
Answer: 8.208×105 J.

51.  An object with a kinetic energy of 2.757×105 J has a mass of 93 kg. Find its velocity.
Answer: 77 m/s.

52.  Calculate the mass of a car that is travelling at a speed of 51 m/s and has a kinetic energy of 
3.453×106 J.
Answer: 2655 kg.

53.  Calculate the gravitational potential energy of a 255 kg box that is 77 m above the surface of the earth.
Answer: 1.924×105 J.

54.  Find the mass of a rock if its gravitational potential energy is 19940 J and it's 37 m above ground.
Answer: 55 kg.

55.  How high would you have to lift a 230 kg object to give it a gravitational potential energy of 
1.758×105 J?
Answer: 78 m.

56.  A stone has a mass of 67 kg and it is moving with a speed of 52 m/s. If its height above ground is 
53 m, calculate its mechanical energy.
Answer: 1.254×105 J.

57.  Calculate the kinetic energy of an automobile with a mass of 2735 kg traveling at 22 m/s.
Answer: 6.619×105 J.
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99 problems: work, energy and power  

58.  An object with a kinetic energy of 93640 J has a mass of 72 kg. Find its velocity.
Answer: 51 m/s.

59.  Calculate the mass of a car that is travelling at a speed of 12 m/s and has a kinetic energy of 
1.865×105 J.
Answer: 2590 kg.

60.  Calculate the gravitational potential energy of a 95 kg box that is 56 m above the surface of the earth.
Answer: 52140 J.

61.  A stone has a gravitational potential energy of 1.773×105 J. Its height above ground is 77 m. Calculate 
its mass.
Answer: 235 kg.

62.  What distance is an object from the floor if the object contains 1.529×105 J of gravitational potential 
energy and has a mass of 260 kg?
Answer: 60 m.

63.  A stone has a mass of 6 kg and it is moving with a speed of 50 m/s. If its height above ground is 22 m, 
calculate its mechanical energy.
Answer: 8794 J.

64.  Find the kinetic energy of a roller coaster car with a mass of 1330 kg that is moving with a speed of 
27 m/s.
Answer: 4.848×105 J.

65.  An object with a kinetic energy of 82500 J has a mass of 66 kg. Find its velocity.
Answer: 50 m/s.

66.  Calculate the mass of a car that is travelling at a speed of 36 m/s and has a kinetic energy of 
1.221×106 J.
Answer: 1885 kg.

67.  A 50 kg crate descends from a height of 24 m and reaches the ground with a speed of 18 m/s. 
Calculate the energy dissipated due to friction in the process.
Answer: 3660 J.

68.  A 60 kg stone is thrown at 11 m/s from a height of 35 m. Find its speed when it contacts the ground.
Answer: 28.4 m/s.
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99 problems: work, energy and power  

69.  An 86 kg roller coaster car is launched from ground level at 26 m/s. Find its speed when it reaches the 
top of a loop, which is 32 m above the ground.
Answer: 7 m/s.

70.  A man and sled slide down a frictionless hill. The sled starts from rest and has a speed of 6 m/s at the 
bottom. Find the height of the hill.
Answer: 1.84 m.

71.  A stone is raised from 4 m above ground to a height of 18 m in 52 s. Assume that the stone has a mass 
of 670 kg, and ignoring frictional losses, find the power to accomplish this task.
Answer: 1.768 kW.

72.  A box with a mass of 46 kg is lifted by a rope a distance of 83 m straight up at constant speed. How 
much power is required to complete this task in 112 s?
Answer: 334.1 W.

73.  An 8 kg crate descends from a height of 3 m and reaches the ground with a speed of 3 m/s. Calculate 
the energy dissipated due to friction in the process.
Answer: 199 J.

74.  A 5 kg stone is thrown at 8 m/s from a height of 38 m. Find its speed when it contacts the ground.
Answer: 28.4 m/s.

75.  A 59 kg roller coaster car is launched from ground level at 34.79 m/s. Find its speed when it reaches 
the top of a loop, which is 47 m above the ground.
Answer: 17 m/s.

76.  A man and sled slide down a frictionless hill. The sled starts from rest and has a speed of 5 m/s at the 
bottom. Find the height of the hill.
Answer: 1.28 m.

77.  A stone is raised from 8 m above ground to a height of 74 m in 44 s. Assume that the stone has a mass 
of 1320 kg, and ignoring frictional losses, find the power to accomplish this task.
Answer: 19.4 kW.

78.  A box with a mass of 49 kg is lifted by a rope a distance of 16 m straight up at constant speed. How 
much power is required to complete this task in 77 s?
Answer: 99.78 W.

79.  An 85 kg crate descends from a height of 3 m and reaches the ground with a speed of 4 m/s. Calculate 
the energy dissipated due to friction in the process.
Answer: 1820 J.
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99 problems: work, energy and power  

80.  A 59 kg stone is thrown at 15 m/s from a height of 48 m. Find its speed when it contacts the ground.
Answer: 34.1 m/s.

81.  A 72 kg roller coaster car is launched from ground level at 31.85 m/s. Find its speed when it reaches 
the top of a loop, which is 37 m above the ground.
Answer: 17 m/s.

82.  A man and sled slide down a frictionless hill. The sled starts from rest and has a speed of 25 m/s at the 
bottom. Find the height of the hill.
Answer: 31.9 m.

83.  A stone is raised from 6 m above ground to a height of 63 m in 82 s. Assume that the stone has a mass 
of 1350 kg, and ignoring frictional losses, find the power to accomplish this task.
Answer: 9.196 kW.

84.  A box with a mass of 37 kg is lifted by a rope a distance of 121 m straight up at constant speed. How 
much power is required to complete this task in 71 s?
Answer: 618 W.

85.  A 21 kg crate descends from a height of 5 m and reaches the ground with a speed of 7 m/s. Calculate 
the energy dissipated due to friction in the process.
Answer: 515 J.

86.  A 42 kg stone is thrown at 9 m/s from a height of 39 m. Find its speed when it contacts the ground.
Answer: 29.1 m/s.

87.  A 28 kg roller coaster car is launched from ground level at 11.94 m/s. Find its speed when it reaches 
the top of a loop, which is 6 m above the ground.
Answer: 5 m/s.

88.  A man and sled slide down a frictionless hill. The sled starts from rest and has a speed of 18 m/s at the 
bottom. Find the height of the hill.
Answer: 16.5 m.

89.  A stone is raised from 10 m above ground to a height of 62 m in 63 s. Assume that the stone has a 
mass of 340 kg, and ignoring frictional losses, find the power to accomplish this task.
Answer: 2.75 kW.
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99 problems: work, energy and power  

90.  A box with a mass of 21 kg is lifted by a rope a distance of 16 m straight up at constant speed. How 
much power is required to complete this task in 112 s?
Answer: 29.4 W.

91.  A 78 kg crate descends from a height of 5 m and reaches the ground with a speed of 6 m/s. Calculate 
the energy dissipated due to friction in the process.
Answer: 2420 J.

92.  A 42 kg stone is thrown at 3 m/s from a height of 34 m. Find its speed when it contacts the ground.
Answer: 26 m/s.

93.  A 49 kg roller coaster car is launched from ground level at 25.54 m/s. Find its speed when it reaches 
the top of a loop, which is 32 m above the ground.
Answer: 5 m/s.

94.  A man and sled slide down a frictionless hill. The sled starts from rest and has a speed of 9 m/s at the 
bottom. Find the height of the hill.
Answer: 4.13 m.

95.  A stone is raised from 11 m above ground to a height of 47 m in 55 s. Assume that the stone has a 
mass of 2460 kg, and ignoring frictional losses, find the power to accomplish this task.
Answer: 15.78 kW.

96.  A box with a mass of 40 kg is lifted by a rope a distance of 36 m straight up at constant speed. How 
much power is required to complete this task in 105 s?
Answer: 134.4 W.

97.  A 73 kg crate descends from a height of 19 m and reaches the ground with a speed of 15 m/s. 
Calculate the energy dissipated due to friction in the process.
Answer: 5380 J.

98.  A 60 kg stone is thrown at 15 m/s from a height of 41 m. Find its speed when it contacts the ground.
Answer: 32.1 m/s.

99.  A 68 kg roller coaster car is launched from ground level at 25.11 m/s. Find its speed when it reaches 
the top of a loop, which is 26 m above the ground.
Answer: 11 m/s.
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99 problems: springs  

1.  A horizontal spring whose spring constant is 1200 N/m is lying on a frictionless surface. One end of the 
spring is attached to a wall, and the other end is connected to an object of mass 9 kg. The spring is then 
compressed by 32 cm and released from rest.
What is the speed of the object at the instant when the spring
is stretched by 15 cm relative to its unstrained length?

Answer:  3.26 m/s.

2.  A 4.4 kg stone is attached to a vertical spring with a spring constant of 140 N/m. The stone is supported 
initially so that the spring is neither stretched nor compressed and then released from rest. How far does 
the stone fall before being brought to rest instantaneously by the spring?
Answer:  0.616 m.

3.  A 15 kg object is attached to a spring and is oscillating horizontally on a frictionless table. The spring is 
initially stretched by 25 cm and then released from rest.
If the sprint constant is 1480 N/m, how fast is the object
moving when it reaches the equilibrium position of the spring?
Answer:  2.48 m/s.

4.  An 18 kg crate moving at 5 m/s collides with a spring whose spring constant is 890 N/m.
At the instant the crate is motionless, what is the largest amount
that the spring could be compressed? Assume no friction.

Answer:  71.1 cm.

5.  A box rests on a vertical spring. The spring is compressed by 44 cm by the box and has 40 J of elastic 
potential energy.
     a) Calculate the spring constant.
     b) Calculate the mass of the box.

Answer: a) 413 N/m    b) 18.6 kg.

6.  A spring whose spring constant is 400 N/m is compressed 41 cm. What is the maximum speed it can 
give to a 0.5 kg block?
Answer:  11.6 m/s.

7.  A spring has a spring constant of 1470 N/m. How far must it be stretched for its elastic potential energy 
to be 75 J?
Answer:  31.9 cm.
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99 problems: springs  

8.  An 1.4 kg object slides on a horizontal, frictionless surface until it encounters a spring whose spring 
constant is 580 N/m. The object compresses the spring by 37 cm before turning around and sliding in the 
opposite direction. Calculate the initial velocity of the object.
Answer:  7.53 m/s.

9.  A compression spring is sitting on the ground pointing upwards. Its spring constant is 340 N/m. If we 
launch an 1.5 kg stone straight up using
the spring and we compress the spring 47 cm:
a) What is the potential energy of the spring?
b) How high will the stone go?
Answer: a) 37.6 J     b) 2.55 m.

10.  A spring with a spring constant of 1760 N/m is pulled a distance of 43 cm from its relaxed position.
     a) Calculate the force in the spring.
     b) What is the potential energy of the spring?
Answer: a) 757 N    b) 163 J.

11.  A horizontal spring whose spring constant is 670 N/m is lying on a frictionless surface. One end of the 
spring is attached to a wall, and the other end is connected to an object of mass 7 kg. The spring is then 
compressed by 72 cm and released from rest.
What is the speed of the object at the instant when the spring
is stretched by 49 cm relative to its unstrained length?

Answer:  5.16 m/s.

12.  An 8.8 kg stone is attached to a vertical spring with a spring constant of 700 N/m. The stone is 
supported initially so that the spring is neither stretched nor compressed and then released from rest. How 
far does the stone fall before being brought to rest instantaneously by the spring?
Answer:  0.246 m.

13.  A 4 kg object is attached to a spring and is oscillating horizontally on a frictionless table. The spring is 
initially stretched by 22 cm and then released from rest.
If the sprint constant is 1580 N/m, how fast is the object
moving when it reaches the equilibrium position of the spring?
Answer:  4.37 m/s.

14.  An 1 kg crate moving at 12 m/s collides with a spring whose spring constant is 520 N/m.
At the instant the crate is motionless, what is the largest amount
that the spring could be compressed? Assume no friction.

Answer:  52.6 cm.
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99 problems: springs  

15.  A box rests on a vertical spring. The spring is compressed by 15 cm by the box and has 20 J of elastic 
potential energy.
     a) Calculate the spring constant.
     b) Calculate the mass of the box.

Answer: a) 1780 N/m    b) 27.2 kg.

16.  A spring whose spring constant is 1100 N/m is compressed 28 cm. What is the maximum speed it can 
give to a 14 kg block?
Answer:  2.48 m/s.

17.  A spring has a spring constant of 1610 N/m. How far must it be stretched for its elastic potential 
energy to be 10 J?
Answer:  11.1 cm.

18.  An 1.6 kg object slides on a horizontal, frictionless surface until it encounters a spring whose spring 
constant is 2490 N/m. The object compresses the spring by 35 cm before turning around and sliding in the 
opposite direction. Calculate the initial velocity of the object.
Answer:  13.8 m/s.

19.  A compression spring is sitting on the ground pointing upwards. Its spring constant is 1940 N/m. If we 
launch an 1.1 kg stone straight up using
the spring and we compress the spring 25 cm:
a) What is the potential energy of the spring?
b) How high will the stone go?
Answer: a) 60.6 J     b) 5.62 m.

20.  A spring with a spring constant of 2330 N/m is pulled a distance of 25 cm from its relaxed position.
     a) Calculate the force in the spring.
     b) What is the potential energy of the spring?
Answer: a) 583 N    b) 72.8 J.

21.  A horizontal spring whose spring constant is 300 N/m is lying on a frictionless surface. One end of the 
spring is attached to a wall, and the other end is connected to an object of mass 3 kg. The spring is then 
compressed by 50 cm and released from rest.
What is the speed of the object at the instant when the spring
is stretched by 22 cm relative to its unstrained length?

Answer:  4.49 m/s.
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99 problems: springs  

22.  An 8.2 kg stone is attached to a vertical spring with a spring constant of 760 N/m. The stone is 
supported initially so that the spring is neither stretched nor compressed and then released from rest. How 
far does the stone fall before being brought to rest instantaneously by the spring?
Answer:  0.211 m.

23.  A 10 kg object is attached to a spring and is oscillating horizontally on a frictionless table. The spring 
is initially stretched by 37 cm and then released from rest.
If the sprint constant is 1070 N/m, how fast is the object
moving when it reaches the equilibrium position of the spring?
Answer:  3.83 m/s.

24.  A 16 kg crate moving at 4 m/s collides with a spring whose spring constant is 910 N/m.
At the instant the crate is motionless, what is the largest amount
that the spring could be compressed? Assume no friction.

Answer:  53 cm.

25.  A box rests on a vertical spring. The spring is compressed by 49 cm by the box and has 40 J of elastic 
potential energy.
     a) Calculate the spring constant.
     b) Calculate the mass of the box.

Answer: a) 333 N/m    b) 16.7 kg.

26.  A spring whose spring constant is 1450 N/m is compressed 26 cm. What is the maximum speed it can 
give to a 9 kg block?
Answer:  3.3 m/s.

27.  A spring has a spring constant of 1350 N/m. How far must it be stretched for its elastic potential 
energy to be 85 J?
Answer:  35.5 cm.

28.  A 10 kg object slides on a horizontal, frictionless surface until it encounters a spring whose spring 
constant is 470 N/m. The object compresses the spring by 32 cm before turning around and sliding in the 
opposite direction. Calculate the initial velocity of the object.
Answer:  2.19 m/s.
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99 problems: springs  

29.  A compression spring is sitting on the ground pointing upwards. Its spring constant is 760 N/m. If we 
launch a 0.1 kg stone straight up using
the spring and we compress the spring 59 cm:
a) What is the potential energy of the spring?
b) How high will the stone go?
Answer: a) 132 J     b) 135 m.

30.  A spring with a spring constant of 1710 N/m is pulled a distance of 15 cm from its relaxed position.
     a) Calculate the force in the spring.
     b) What is the potential energy of the spring?
Answer: a) 257 N    b) 19.2 J.

31.  A horizontal spring whose spring constant is 1350 N/m is lying on a frictionless surface. One end of 
the spring is attached to a wall, and the other end is connected to an object of mass 1.1 kg. The spring is 
then compressed by 58 cm and released from rest.
What is the speed of the object at the instant when the spring
is stretched by 47 cm relative to its unstrained length?

Answer:  11.9 m/s.

32.  A 3 kg stone is attached to a vertical spring with a spring constant of 160 N/m. The stone is supported 
initially so that the spring is neither stretched nor compressed and then released from rest. How far does 
the stone fall before being brought to rest instantaneously by the spring?
Answer:  0.368 m.

33.  An 1.1 kg object is attached to a spring and is oscillating horizontally on a frictionless table. The 
spring is initially stretched by 16 cm and then released from rest.
If the sprint constant is 600 N/m, how fast is the object
moving when it reaches the equilibrium position of the spring?
Answer:  3.74 m/s.

34.  A 2 kg crate moving at 10 m/s collides with a spring whose spring constant is 950 N/m.
At the instant the crate is motionless, what is the largest amount
that the spring could be compressed? Assume no friction.

Answer:  45.9 cm.
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99 problems: springs  

35.  A box rests on a vertical spring. The spring is compressed by 42 cm by the box and has 30 J of elastic 
potential energy.
     a) Calculate the spring constant.
     b) Calculate the mass of the box.

Answer: a) 340 N/m    b) 14.6 kg.

36.  A spring whose spring constant is 700 N/m is compressed 49 cm. What is the maximum speed it can 
give to an 1.9 kg block?
Answer:  9.41 m/s.

37.  A spring has a spring constant of 890 N/m. How far must it be stretched for its elastic potential energy 
to be 150 J?
Answer:  58.1 cm.

38.  A 10 kg object slides on a horizontal, frictionless surface until it encounters a spring whose spring 
constant is 1850 N/m. The object compresses the spring by 38 cm before turning around and sliding in the 
opposite direction. Calculate the initial velocity of the object.
Answer:  5.17 m/s.

39.  A compression spring is sitting on the ground pointing upwards. Its spring constant is 270 N/m. If we 
launch a 0.2 kg stone straight up using
the spring and we compress the spring 36 cm:
a) What is the potential energy of the spring?
b) How high will the stone go?
Answer: a) 17.5 J     b) 8.93 m.

40.  A spring with a spring constant of 400 N/m is pulled a distance of 20 cm from its relaxed position.
     a) Calculate the force in the spring.
     b) What is the potential energy of the spring?
Answer: a) 80 N    b) 8 J.

41.  A horizontal spring whose spring constant is 1590 N/m is lying on a frictionless surface. One end of 
the spring is attached to a wall, and the other end is connected to an object of mass 0.4 kg. The spring is 
then compressed by 61 cm and released from rest.
What is the speed of the object at the instant when the spring
is stretched by 25 cm relative to its unstrained length?

Answer:  35.1 m/s.
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99 problems: springs  

42.  A 17.6 kg stone is attached to a vertical spring with a spring constant of 620 N/m. The stone is 
supported initially so that the spring is neither stretched nor compressed and then released from rest. How 
far does the stone fall before being brought to rest instantaneously by the spring?
Answer:  0.556 m.

43.  A 14 kg object is attached to a spring and is oscillating horizontally on a frictionless table. The spring 
is initially stretched by 21 cm and then released from rest.
If the sprint constant is 2370 N/m, how fast is the object
moving when it reaches the equilibrium position of the spring?
Answer:  2.73 m/s.

44.  A 2 kg crate moving at 12 m/s collides with a spring whose spring constant is 1060 N/m.
At the instant the crate is motionless, what is the largest amount
that the spring could be compressed? Assume no friction.

Answer:  52.1 cm.

45.  A box rests on a vertical spring. The spring is compressed by 45 cm by the box and has 95 J of elastic 
potential energy.
     a) Calculate the spring constant.
     b) Calculate the mass of the box.

Answer: a) 938 N/m    b) 43.1 kg.

46.  A spring whose spring constant is 330 N/m is compressed 34 cm. What is the maximum speed it can 
give to an 1.6 kg block?
Answer:  4.88 m/s.

47.  A spring has a spring constant of 530 N/m. How far must it be stretched for its elastic potential energy 
to be 115 J?
Answer:  65.9 cm.

48.  A 0.7 kg object slides on a horizontal, frictionless surface until it encounters a spring whose spring 
constant is 2320 N/m. The object compresses the spring by 39 cm before turning around and sliding in the 
opposite direction. Calculate the initial velocity of the object.
Answer:  22.5 m/s.
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99 problems: springs  

49.  A compression spring is sitting on the ground pointing upwards. Its spring constant is 2340 N/m. If we 
launch a 14 kg stone straight up using
the spring and we compress the spring 54 cm:
a) What is the potential energy of the spring?
b) How high will the stone go?
Answer: a) 341 J     b) 2.49 m.

50.  A spring with a spring constant of 420 N/m is pulled a distance of 20 cm from its relaxed position.
     a) Calculate the force in the spring.
     b) What is the potential energy of the spring?
Answer: a) 84 N    b) 8.4 J.

51.  A horizontal spring whose spring constant is 2260 N/m is lying on a frictionless surface. One end of 
the spring is attached to a wall, and the other end is connected to an object of mass 8 kg. The spring is then 
compressed by 73 cm and released from rest.
What is the speed of the object at the instant when the spring
is stretched by 48 cm relative to its unstrained length?

Answer:  9.24 m/s.

52.  A 14.2 kg stone is attached to a vertical spring with a spring constant of 1140 N/m. The stone is 
supported initially so that the spring is neither stretched nor compressed and then released from rest. How 
far does the stone fall before being brought to rest instantaneously by the spring?
Answer:  0.244 m.

53.  A 3 kg object is attached to a spring and is oscillating horizontally on a frictionless table. The spring is 
initially stretched by 6 cm and then released from rest.
If the sprint constant is 1340 N/m, how fast is the object
moving when it reaches the equilibrium position of the spring?
Answer:  1.27 m/s.

54.  An 1 kg crate moving at 15 m/s collides with a spring whose spring constant is 940 N/m.
At the instant the crate is motionless, what is the largest amount
that the spring could be compressed? Assume no friction.

Answer:  48.9 cm.
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99 problems: springs  

55.  A box rests on a vertical spring. The spring is compressed by 46 cm by the box and has 10 J of elastic 
potential energy.
     a) Calculate the spring constant.
     b) Calculate the mass of the box.

Answer: a) 94.5 N/m    b) 4.44 kg.

56.  A spring whose spring constant is 1830 N/m is compressed 22 cm. What is the maximum speed it can 
give to an 1.9 kg block?
Answer:  6.83 m/s.

57.  A spring has a spring constant of 650 N/m. How far must it be stretched for its elastic potential energy 
to be 190 J?
Answer:  76.5 cm.

58.  A 4 kg object slides on a horizontal, frictionless surface until it encounters a spring whose spring 
constant is 440 N/m. The object compresses the spring by 34 cm before turning around and sliding in the 
opposite direction. Calculate the initial velocity of the object.
Answer:  3.57 m/s.

59.  A compression spring is sitting on the ground pointing upwards. Its spring constant is 1650 N/m. If we 
launch an 1.4 kg stone straight up using
the spring and we compress the spring 47 cm:
a) What is the potential energy of the spring?
b) How high will the stone go?
Answer: a) 182 J     b) 13.3 m.

60.  A spring with a spring constant of 960 N/m is pulled a distance of 30 cm from its relaxed position.
     a) Calculate the force in the spring.
     b) What is the potential energy of the spring?
Answer: a) 288 N    b) 43.2 J.

61.  A horizontal spring whose spring constant is 750 N/m is lying on a frictionless surface. One end of the 
spring is attached to a wall, and the other end is connected to an object of mass 1.9 kg. The spring is then 
compressed by 49 cm and released from rest.
What is the speed of the object at the instant when the spring
is stretched by 24 cm relative to its unstrained length?

Answer:  8.49 m/s.
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99 problems: springs  

62.  A 12.3 kg stone is attached to a vertical spring with a spring constant of 190 N/m. The stone is 
supported initially so that the spring is neither stretched nor compressed and then released from rest. How 
far does the stone fall before being brought to rest instantaneously by the spring?
Answer:  1.27 m.

63.  A 3 kg object is attached to a spring and is oscillating horizontally on a frictionless table. The spring is 
initially stretched by 13 cm and then released from rest.
If the sprint constant is 1130 N/m, how fast is the object
moving when it reaches the equilibrium position of the spring?
Answer:  2.52 m/s.

64.  A 2 kg crate moving at 10 m/s collides with a spring whose spring constant is 2140 N/m.
At the instant the crate is motionless, what is the largest amount
that the spring could be compressed? Assume no friction.

Answer:  30.6 cm.

65.  A box rests on a vertical spring. The spring is compressed by 27 cm by the box and has 25 J of elastic 
potential energy.
     a) Calculate the spring constant.
     b) Calculate the mass of the box.

Answer: a) 686 N/m    b) 18.9 kg.

66.  A spring whose spring constant is 1470 N/m is compressed 39 cm. What is the maximum speed it can 
give to a 0.8 kg block?
Answer:  16.7 m/s.

67.  A spring has a spring constant of 2470 N/m. How far must it be stretched for its elastic potential 
energy to be 195 J?
Answer:  39.7 cm.

68.  A 13 kg object slides on a horizontal, frictionless surface until it encounters a spring whose spring 
constant is 1890 N/m. The object compresses the spring by 37 cm before turning around and sliding in the 
opposite direction. Calculate the initial velocity of the object.
Answer:  4.46 m/s.
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99 problems: springs  

69.  A compression spring is sitting on the ground pointing upwards. Its spring constant is 820 N/m. If we 
launch a 0.7 kg stone straight up using
the spring and we compress the spring 35 cm:
a) What is the potential energy of the spring?
b) How high will the stone go?
Answer: a) 50.2 J     b) 7.32 m.

70.  A spring with a spring constant of 1730 N/m is pulled a distance of 57 cm from its relaxed position.
     a) Calculate the force in the spring.
     b) What is the potential energy of the spring?
Answer: a) 986 N    b) 281 J.

71.  A horizontal spring whose spring constant is 1270 N/m is lying on a frictionless surface. One end of 
the spring is attached to a wall, and the other end is connected to an object of mass 14 kg. The spring is 
then compressed by 65 cm and released from rest.
What is the speed of the object at the instant when the spring
is stretched by 34 cm relative to its unstrained length?

Answer:  5.28 m/s.

72.  A 9 kg stone is attached to a vertical spring with a spring constant of 490 N/m. The stone is supported 
initially so that the spring is neither stretched nor compressed and then released from rest. How far does 
the stone fall before being brought to rest instantaneously by the spring?
Answer:  0.36 m.

73.  A 3 kg object is attached to a spring and is oscillating horizontally on a frictionless table. The spring is 
initially stretched by 15 cm and then released from rest.
If the sprint constant is 290 N/m, how fast is the object
moving when it reaches the equilibrium position of the spring?
Answer:  1.47 m/s.

74.  A 4 kg crate moving at 7 m/s collides with a spring whose spring constant is 2350 N/m.
At the instant the crate is motionless, what is the largest amount
that the spring could be compressed? Assume no friction.

Answer:  28.9 cm.
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99 problems: springs  

75.  A box rests on a vertical spring. The spring is compressed by 40 cm by the box and has 105 J of 
elastic potential energy.
     a) Calculate the spring constant.
     b) Calculate the mass of the box.

Answer: a) 1310 N/m    b) 53.6 kg.

76.  A spring whose spring constant is 390 N/m is compressed 42 cm. What is the maximum speed it can 
give to a 13 kg block?
Answer:  2.3 m/s.

77.  A spring has a spring constant of 690 N/m. How far must it be stretched for its elastic potential energy 
to be 100 J?
Answer:  53.8 cm.

78.  A 0.3 kg object slides on a horizontal, frictionless surface until it encounters a spring whose spring 
constant is 670 N/m. The object compresses the spring by 26 cm before turning around and sliding in the 
opposite direction. Calculate the initial velocity of the object.
Answer:  12.3 m/s.

79.  A compression spring is sitting on the ground pointing upwards. Its spring constant is 2340 N/m. If we 
launch a 0.6 kg stone straight up using
the spring and we compress the spring 35 cm:
a) What is the potential energy of the spring?
b) How high will the stone go?
Answer: a) 143 J     b) 24.4 m.

80.  A spring with a spring constant of 1580 N/m is pulled a distance of 25 cm from its relaxed position.
     a) Calculate the force in the spring.
     b) What is the potential energy of the spring?
Answer: a) 395 N    b) 49.4 J.

81.  A horizontal spring whose spring constant is 580 N/m is lying on a frictionless surface. One end of the 
spring is attached to a wall, and the other end is connected to an object of mass 8 kg. The spring is then 
compressed by 47 cm and released from rest.
What is the speed of the object at the instant when the spring
is stretched by 17 cm relative to its unstrained length?

Answer:  3.73 m/s.
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82.  A 10.2 kg stone is attached to a vertical spring with a spring constant of 890 N/m. The stone is 
supported initially so that the spring is neither stretched nor compressed and then released from rest. How 
far does the stone fall before being brought to rest instantaneously by the spring?
Answer:  0.225 m.

83.  An 11 kg object is attached to a spring and is oscillating horizontally on a frictionless table. The 
spring is initially stretched by 37 cm and then released from rest.
If the sprint constant is 780 N/m, how fast is the object
moving when it reaches the equilibrium position of the spring?
Answer:  3.12 m/s.

84.  A 2 kg crate moving at 6 m/s collides with a spring whose spring constant is 270 N/m.
At the instant the crate is motionless, what is the largest amount
that the spring could be compressed? Assume no friction.

Answer:  51.6 cm.

85.  A box rests on a vertical spring. The spring is compressed by 46 cm by the box and has 140 J of 
elastic potential energy.
     a) Calculate the spring constant.
     b) Calculate the mass of the box.

Answer: a) 1320 N/m    b) 62.1 kg.

86.  A spring whose spring constant is 2180 N/m is compressed 47 cm. What is the maximum speed it can 
give to an 1.4 kg block?
Answer:  18.5 m/s.

87.  A spring has a spring constant of 560 N/m. How far must it be stretched for its elastic potential energy 
to be 90 J?
Answer:  56.7 cm.

88.  An 8 kg object slides on a horizontal, frictionless surface until it encounters a spring whose spring 
constant is 2020 N/m. The object compresses the spring by 34 cm before turning around and sliding in the 
opposite direction. Calculate the initial velocity of the object.
Answer:  5.4 m/s.
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89.  A compression spring is sitting on the ground pointing upwards. Its spring constant is 1670 N/m. If we 
launch an 1.4 kg stone straight up using
the spring and we compress the spring 29 cm:
a) What is the potential energy of the spring?
b) How high will the stone go?
Answer: a) 70.2 J     b) 5.12 m.

90.  A spring with a spring constant of 870 N/m is pulled a distance of 46 cm from its relaxed position.
     a) Calculate the force in the spring.
     b) What is the potential energy of the spring?
Answer: a) 400 N    b) 92 J.

91.  A horizontal spring whose spring constant is 790 N/m is lying on a frictionless surface. One end of the 
spring is attached to a wall, and the other end is connected to an object of mass 14 kg. The spring is then 
compressed by 52 cm and released from rest.
What is the speed of the object at the instant when the spring
is stretched by 26 cm relative to its unstrained length?

Answer:  3.38 m/s.

92.  A 19 kg stone is attached to a vertical spring with a spring constant of 400 N/m. The stone is 
supported initially so that the spring is neither stretched nor compressed and then released from rest. How 
far does the stone fall before being brought to rest instantaneously by the spring?
Answer:  0.931 m.

93.  An 1.4 kg object is attached to a spring and is oscillating horizontally on a frictionless table. The 
spring is initially stretched by 43 cm and then released from rest.
If the sprint constant is 1330 N/m, how fast is the object
moving when it reaches the equilibrium position of the spring?
Answer:  13.3 m/s.

94.  A 5 kg crate moving at 18 m/s collides with a spring whose spring constant is 1640 N/m.
At the instant the crate is motionless, what is the largest amount
that the spring could be compressed? Assume no friction.

Answer:  99.4 cm.
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95.  A box rests on a vertical spring. The spring is compressed by 15 cm by the box and has 20 J of elastic 
potential energy.
     a) Calculate the spring constant.
     b) Calculate the mass of the box.

Answer: a) 1780 N/m    b) 27.2 kg.

96.  A spring whose spring constant is 1100 N/m is compressed 28 cm. What is the maximum speed it can 
give to a 14 kg block?
Answer:  2.48 m/s.

97.  A spring has a spring constant of 1610 N/m. How far must it be stretched for its elastic potential 
energy to be 10 J?
Answer:  11.1 cm.

98.  An 1.6 kg object slides on a horizontal, frictionless surface until it encounters a spring whose spring 
constant is 2490 N/m. The object compresses the spring by 35 cm before turning around and sliding in the 
opposite direction. Calculate the initial velocity of the object.
Answer:  13.8 m/s.

99.  A compression spring is sitting on the ground pointing upwards. Its spring constant is 1940 N/m. If we 
launch an 1.1 kg stone straight up using
the spring and we compress the spring 25 cm:
a) What is the potential energy of the spring?
b) How high will the stone go?
Answer: a) 60.6 J     b) 5.62 m.
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99 problems: kinematics  

1.  The displacement of a rock in 150 seconds is 6750 m. Find its speed in cm/s and m/min.
Answer: 4500 cm/s,      2700 m/min.

2.  The speed of a rock is 180 km/h. If its displacement was 9000 m, calculate: a) Its speed in m/s. 
b) How long does it take?
Answer: a) 50 m/s,      b) 180 s.

3.  A particle has a speed of 60 m/s. Determine: a) Its speed in km/h. b) Its displacement in a time interval 
of 2 minutes.
Answer: a) 216 km/h,      b) 7200 m.

4.  The displacement of an object in 330 seconds is 9900 m. Find its speed in cm/s and m/min.
Answer: 3000 cm/s,      1800 m/min.

5.  The speed of an object is 162 km/h. If its displacement was 6750 m, calculate: a) Its speed in m/s. 
b) How long does it take?
Answer: a) 45 m/s,      b) 150 s.

6.  A particle has a speed of 15 m/s. Determine: a) Its speed in km/h. b) Its displacement in a time interval 
of 5.5 minutes.
Answer: a) 54 km/h,      b) 4950 m.

7.  The displacement of a particle in 120 seconds is 5400 m. Find its speed in cm/s and m/min.
Answer: 4500 cm/s,      2700 m/min.

8.  The speed of an object is 126 km/h. If its displacement was 4200 m, calculate: a) Its speed in m/s. 
b) How long does it take?
Answer: a) 35 m/s,      b) 120 s.

9.  An object has a speed of 250 m/s. Determine: a) Its speed in km/h. b) Its displacement in a time interval 
of 0.5 minutes.
Answer: a) 900 km/h,      b) 7500 m.

10.  The displacement of a particle in 90 seconds is 4950 m. Find its speed in cm/s and m/min.
Answer: 5500 cm/s,      3300 m/min.

11.  The speed of an object is 648 km/h. If its displacement was 5400 m, calculate: a) Its speed in m/s. 
b) How long does it take?
Answer: a) 180 m/s,      b) 30 s.
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99 problems: kinematics  

12.  A ball has a speed of 20 m/s. Determine: a) Its speed in km/h. b) Its displacement in a time interval of 
5 minutes.
Answer: a) 72 km/h,      b) 6000 m.

13.  The displacement of a block in 30 seconds is 3450 m. Find its speed in cm/s and m/min.
Answer: 11500 cm/s,      6900 m/min.

14.  The speed of an object is 90 km/h. If its displacement was 9750 m, calculate: a) Its speed in m/s. 
b) How long does it take?
Answer: a) 25 m/s,      b) 390 s.

15.  A ball has a speed of 35 m/s. Determine: a) Its speed in km/h. b) Its displacement in a time interval of 
3.5 minutes.
Answer: a) 126 km/h,      b) 7350 m.

16.  The displacement of a particle in 30 seconds is 1800 m. Find its speed in cm/s and m/min.
Answer: 6000 cm/s,      3600 m/min.

17.  The speed of a rock is 108 km/h. If its displacement was 3600 m, calculate: a) Its speed in m/s. 
b) How long does it take?
Answer: a) 30 m/s,      b) 120 s.

18.  An object starts out moving at 245 m/s and accelerates to get to 285 m/s. If its displacement is 2650 m, 
find out: a) The acceleration. b) How long does it take?
Answer: a) 4 m/s2      b) 10 s.

19.  A rock has an initial speed of 115 m/s and accelerates at 8 m/s2 for 7 s. Calculate: a) The final 
velocity. b) Its displacement.
Answer: a) 171 m/s      b) 1001 m.

20.  A block accelerates from 215 m/s to 263 m/s in 12 s. Determine: a) The acceleration. b) Its 
displacement.
Answer: a) 4 m/s2      b) 2868 m.

21.  A rock starts out moving at 330 m/s and accelerates to get to 430 m/s. If its displacement is 3800 m, 
find out: a) The acceleration. b) How long does it take?
Answer: a) 10 m/s2      b) 10 s.

22.  A rock has an initial speed of 180 m/s and accelerates at 4 m/s2 for 14 s. Calculate: a) The final 
velocity. b) Its displacement.
Answer: a) 236 m/s      b) 2912 m.
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23.  A car has an initial speed of 36 m/s. To brake to a stop requires a stopping distance of 216 m. 
Determine: a) The average braking acceleration. b) How much time it takes to come to a stop.
Answer: a) –3 m/s2      b) 12 s.

24.  An object is thrown vertically upward, with an initial velocity of 78.4 m/s. Find out: a) The time at 
which it reaches its maximum height. b) The maximum height.
Data: Gravitational acceleration g = –9.8 m/s2.
Answer: a) 8 s      b) 313.6 m.

25.  A car moving at 91 m/s applies the brakes and comes to a stop in 7 s. Calculate: a) The average 
braking acceleration. b) The car's displacement during the braking.
Answer: a) –13 m/s2      b) 318.5 m.

26.  A car has an initial speed of 187 m/s. To brake to a stop requires a stopping distance of 1589.5 m. 
Determine: a) The average braking acceleration. b) How much time it takes to come to a stop.
Answer: a) –11 m/s2      b) 17 s.

27.  A particle is thrown vertically upward, with an initial velocity of 58.8 m/s. Find out: a) The time at 
which it reaches its maximum height. b) The maximum height.
Data: Gravitational acceleration g = –9.8 m/s2.
Answer: a) 6 s      b) 176.4 m.

28.  A block is thrown directly downward, with an initial speed of 19 m/s from a height of 1387.5 m. 
Calculate: a) How much time it takes to fall. b) Its velocity when it hits the ground.
Data: Gravitational acceleration g = 9.8 m/s2.
Answer: a) 15 s      b) 166 m/s.

29.  A rock is dropped from rest into a well and the sound of the splash reaches us in 2.331 seconds. How 
far below the top of the well is the surface of the water? The speed of sound in air is 345 m/s and the 
gravitational acceleration is 9.8 m/s2.
Answer:  25 m.

30.  A block is thrown from a height of 25 m vertically upward, with an initial velocity of 58.8 m/s. Find 
out: a) The time at which it reaches its maximum height. b) The maximum height (measured from the 
ground level).
Data: Gravitational acceleration g = –9.8 m/s2.
Answer: a) 6 s      b) 201.4 m.
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31.  A rock is dropped from rest from a height of 78.4 m. Calculate: a) How much time it takes to fall. 
b) Its velocity when it hits the ground.
Data: Gravitational acceleration g = 9.8 m/s2.
Answer: a) 4 s      b) 39.2 m/s.

32.  A rock is dropped from rest into a well and the sound of the splash reaches us in 4.791 seconds. How 
far below the top of the well is the surface of the water? The speed of sound in air is 334 m/s and the 
gravitational acceleration is 9.8 m/s2.
Answer:  99 m.

33.  A particle is thrown from a height of 35 m vertically upward, with an initial velocity of 98 m/s. Find 
out: a) The time at which it reaches its maximum height. b) The maximum height (measured from the 
ground level).
Data: Gravitational acceleration g = –9.8 m/s2.
Answer: a) 10 s      b) 525 m.

34.  Two trains leave different cities heading toward each other at different speeds. A train A, traveling 
54 km/h, leaves city A heading toward city B, 2250 m away. 38 seconds later, a train B, traveling 72 km/h, 
leaves city B heading toward city A. a) In how many seconds will train A meet train B? b) How far from 
city A do they meet?
Answer: a) 86 s,      b) 1290 m.

35.  A motorist driving at a constant speed of 15 m/s passes a parked motorcycle police officer. The officer 
starts to accelerate at 3 m/s2 to catch him. Assuming the officer maintains this acceleration, find: 
a) The time it takes the police officer to reach the motorist. b) The displacement of the officer as he 
overtakes the motorist.
Answer: a) 10 s,      b) 150 m.

36.  Two trains leave different cities heading toward each other at different speeds. A train A, traveling 
108 km/h, leaves city A heading toward city B, 4320 m away. At the same time a train B, traveling 
180 km/h, leaves city B heading toward city A. a) When do the two trains meet? b) How far from city A do 
they meet?
Answer: a) 54 s,      b) 1620 m.

37.  Two trains leave different cities heading toward each other at different speeds. A train A, traveling 
15 m/s, leaves city A heading toward city B, 9180 m away. 32 seconds later, a train B, traveling 35 m/s, 
leaves city B heading toward city A. a) In how many seconds will train A meet train B? b) How far from 
city A do they meet?
Answer: a) 206 s,      b) 3090 m.
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38.  A motorist driving at a constant speed of 90 m/s passes a parked motorcycle police officer. The officer 
starts to accelerate at 4 m/s2 to catch him. Assuming the officer maintains this acceleration, find: 
a) The time it takes the police officer to reach the motorist. b) The displacement of the officer as he 
overtakes the motorist.
Answer: a) 45 s,      b) 4050 m.

39.  Two trains leave different cities heading toward each other at different speeds. A train A, traveling 
144 km/h, leaves city A heading toward city B, 2640 m away. At the same time a train B, traveling 
54 km/h, leaves city B heading toward city A. a) When do the two trains meet? b) How far from city A do 
they meet?
Answer: a) 48 s,      b) 1920 m.

40.  Two trains leave different cities heading toward each other at different speeds. A train A, traveling 
45 m/s, leaves city A heading toward city B, 7350 m away. 46 seconds later, a train B, traveling 65 m/s, 
leaves city B heading toward city A. a) In how many seconds will train A meet train B? b) How far from 
city A do they meet?
Answer: a) 94 s,      b) 4230 m.

41.  A motorist driving at a constant speed of 55.5 m/s passes a parked motorcycle police officer. The 
officer starts to accelerate at 3 m/s2 to catch him. Assuming the officer maintains this acceleration, find: 
a) The time it takes the police officer to reach the motorist. b) The displacement of the officer as he 
overtakes the motorist.
Answer: a) 37 s,      b) 2053.5 m.

42.  Two trains leave different cities heading toward each other at different speeds. A train A, traveling 
72 km/h, leaves city A heading toward city B, 4700 m away. At the same time a train B, traveling 
108 km/h, leaves city B heading toward city A. a) When do the two trains meet? b) How far from city A do 
they meet?
Answer: a) 94 s,      b) 1880 m.

43.  Two trains leave different cities heading toward each other at different speeds. A train A, traveling 
108 km/h, leaves city A heading toward city B, 3740 m away. 18 seconds later, a train B, traveling 
180 km/h, leaves city B heading toward city A. a) In how many seconds will train A meet train B? b) How 
far from city A do they meet?
Answer: a) 58 s,      b) 1740 m.

44.  A motorist driving at a constant speed of 23 m/s passes a parked motorcycle police officer. The officer 
starts to accelerate at 2 m/s2 to catch him. Assuming the officer maintains this acceleration, find: 
a) The time it takes the police officer to reach the motorist. b) The displacement of the officer as he 
overtakes the motorist.
Answer: a) 23 s,      b) 529 m.
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45.  Two trains leave different cities heading toward each other at different speeds. A train A, traveling 
40 m/s, leaves city A heading toward city B, 9900 m away. At the same time a train B, traveling 15 m/s, 
leaves city B heading toward city A. a) When do the two trains meet? b) How far from city A do they meet?
Answer: a) 180 s,      b) 7200 m.

46.  Two trains leave different cities heading toward each other at different speeds. A train A, traveling 
54 km/h, leaves city A heading toward city B, 7260 m away. 44 seconds later, a train B, traveling 
126 km/h, leaves city B heading toward city A. a) In how many seconds will train A meet train B? b) How 
far from city A do they meet?
Answer: a) 176 s,      b) 2640 m.

47.  A motorist driving at a constant speed of 22.5 m/s passes a parked motorcycle police officer. The 
officer starts to accelerate at 3 m/s2 to catch him. Assuming the officer maintains this acceleration, find: 
a) The time it takes the police officer to reach the motorist. b) The displacement of the officer as he 
overtakes the motorist.
Answer: a) 15 s,      b) 337.5 m.

48.  Two trains leave different cities heading toward each other at different speeds. A train A, traveling 
45 m/s, leaves city A heading toward city B, 12160 m away. At the same time a train B, traveling 35 m/s, 
leaves city B heading toward city A. a) When do the two trains meet? b) How far from city A do they meet?
Answer: a) 152 s,      b) 6840 m.

49.  Two trains leave different cities heading toward each other at different speeds. A train A, traveling 
90 km/h, leaves city A heading toward city B, 7400 m away. 10 seconds later, a train B, traveling 
108 km/h, leaves city B heading toward city A. a) In how many seconds will train A meet train B? b) How 
far from city A do they meet?
Answer: a) 140 s,      b) 3500 m.

50.  A motorist driving at a constant speed of 16.25 m/s passes a parked motorcycle police officer. The 
officer starts to accelerate at 2.5 m/s2 to catch him. Assuming the officer maintains this acceleration, find: 
a) The time it takes the police officer to reach the motorist. b) The displacement of the officer as he 
overtakes the motorist.
Answer: a) 13 s,      b) 211.25 m.

51.  We throw a rock horizontally from a cliff with a speed of 60 m/s. The cliff has a height of 70 m. 
Calculate:
    a) How much time it takes to fall.
    b) How far from the base of the cliff it hits the ground.
    c) The total velocity of the rock when it hits the ground.
Answer: a) 3.78 s      b) 226.8 m      c) 70.51 m/s.
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52.  We throw a television set horizontally from a tower with a speed of 40 m/s. The tower has a height of 
235 m. Calculate:
    a) How much time it takes to fall.
    b) How far from the base of the tower it hits the ground.
    c) The total velocity of the television set when it hits the ground.
Answer: a) 6.93 s      b) 277 m      c) 78.82 m/s.

53.  We throw a ball horizontally from a cliff with a speed of 150 m/s. The cliff has a height of 105 m. 
Calculate:
    a) How much time it takes to fall.
    b) How far from the base of the cliff it hits the ground.
    c) The total velocity of the ball when it hits the ground.
Answer: a) 4.63 s      b) 694.4 m      c) 156.71 m/s.

54.  We throw a hammer horizontally from a building with a speed of 270 m/s. The building has a height 
of 205 m. Calculate:
    a) How much time it takes to fall.
    b) How far from the base of the building it hits the ground.
    c) The total velocity of the hammer when it hits the ground.
Answer: a) 6.47 s      b) 1746.4 m      c) 277.35 m/s.

55.  We throw a discus horizontally from a tower with a speed of 240 m/s. The tower has a height of 
145 m. Calculate:
    a) How much time it takes to fall.
    b) How far from the base of the tower it hits the ground.
    c) The total velocity of the discus when it hits the ground.
Answer: a) 5.44 s      b) 1305.6 m      c) 245.85 m/s.

56.  We throw a stone horizontally from a tower with a speed of 220 m/s. The tower has a height of 310 m. 
Calculate:
    a) How much time it takes to fall.
    b) How far from the base of the tower it hits the ground.
    c) The total velocity of the stone when it hits the ground.
Answer: a) 7.95 s      b) 1749.9 m      c) 233.39 m/s.

57.  We throw a rock horizontally from a cliff with a speed of 220 m/s. The cliff has a height of 50 m. 
Calculate:
    a) How much time it takes to fall.
    b) How far from the base of the cliff it hits the ground.
    c) The total velocity of the rock when it hits the ground.
Answer: a) 3.19 s      b) 702.8 m      c) 222.21 m/s.
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58.  We throw a ball horizontally from a crane with a speed of 60 m/s. The crane has a height of 285 m. 
Calculate:
    a) How much time it takes to fall.
    b) How far from the base of the crane it hits the ground.
    c) The total velocity of the ball when it hits the ground.
Answer: a) 7.63 s      b) 457.6 m      c) 95.87 m/s.

59.  We throw a block horizontally from a cliff with a speed of 310 m/s. The cliff has a height of 85 m. 
Calculate:
    a) How much time it takes to fall.
    b) How far from the base of the cliff it hits the ground.
    c) The total velocity of the block when it hits the ground.
Answer: a) 4.16 s      b) 1291.1 m      c) 312.67 m/s.

60.  We throw a discus horizontally from a cliff with a speed of 300 m/s. The cliff has a height of 255 m. 
Calculate:
    a) How much time it takes to fall.
    b) How far from the base of the cliff it hits the ground.
    c) The total velocity of the discus when it hits the ground.
Answer: a) 7.21 s      b) 2164.2 m      c) 308.21 m/s.

61.  We throw a rock horizontally from a cliff with a speed of 330 m/s. The cliff has a height of 195 m. 
Calculate:
    a) How much time it takes to fall.
    b) How far from the base of the cliff it hits the ground.
    c) The total velocity of the rock when it hits the ground.
Answer: a) 6.31 s      b) 2081.8 m      c) 335.74 m/s.

62.  We throw a television set horizontally from a building with a speed of 60 m/s. The building has a 
height of 295 m. Calculate:
    a) How much time it takes to fall.
    b) How far from the base of the building it hits the ground.
    c) The total velocity of the television set when it hits the ground.
Answer: a) 7.76 s      b) 465.5 m      c) 96.87 m/s.

63.  We throw a ball horizontally from a cliff with a speed of 30 m/s. The cliff has a height of 235 m. 
Calculate:
    a) How much time it takes to fall.
    b) How far from the base of the cliff it hits the ground.
    c) The total velocity of the ball when it hits the ground.
Answer: a) 6.93 s      b) 207.8 m      c) 74.24 m/s.
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64.  We throw a discus horizontally from a tower with a speed of 400 m/s. The tower has a height of 70 m. 
Calculate:
    a) How much time it takes to fall.
    b) How far from the base of the tower it hits the ground.
    c) The total velocity of the discus when it hits the ground.
Answer: a) 3.78 s      b) 1511.9 m      c) 401.71 m/s.

65.  We throw a hammer horizontally from a crane with a speed of 10 m/s. The crane has a height of 
140 m. Calculate:
    a) How much time it takes to fall.
    b) How far from the base of the crane it hits the ground.
    c) The total velocity of the hammer when it hits the ground.
Answer: a) 5.35 s      b) 53.5 m      c) 53.38 m/s.

66.  We throw a rock horizontally from a building with a speed of 240 m/s. The building has a height of 
40 m. Calculate:
    a) How much time it takes to fall.
    b) How far from the base of the building it hits the ground.
    c) The total velocity of the rock when it hits the ground.
Answer: a) 2.86 s      b) 685.7 m      c) 241.63 m/s.

67.  A particle is thrown from a height of 175 m with a speed of 100 m/s at an angle of 40° above the 
horizontal. Find:
    a) How much time it takes to reach the maximum height.
    b) Maximum height (from ground).
    c) Horizontal range.
    d) The total velocity of the particle when it hits the ground.
Answer: a) 6.56 s     b) 385.8 m     c) 1182.2 m     d) 115.89 m/s.

68.  A ball is thrown from ground level with a speed of 90 m/s at an angle of 70° above the horizontal. 
Calculate:
    a) How much time it takes to reach the maximum height.
    b) Maximum height.
    c) How much time it takes to hit the ground.
    d) Horizontal range.
Answer: a) 8.63 s     b) 364.9 m     c) 17.26 s     d) 531.3 m.
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69.  A particle is thrown from a height of 280 m with a speed of 380 m/s at an angle of 45° above the 
horizontal. Find:
    a) How much time it takes to reach the maximum height.
    b) Maximum height (from ground).
    c) Horizontal range.
    d) The total velocity of the particle when it hits the ground.
Answer: a) 27.42 s     b) 3963.7 m     c) 15009.6 m     d) 387.15 m/s.

70.  A particle is thrown from ground level with a speed of 170 m/s at an angle of 30° above the 
horizontal. Calculate:
    a) How much time it takes to reach the maximum height.
    b) Maximum height.
    c) How much time it takes to hit the ground.
    d) Horizontal range.
Answer: a) 8.67 s     b) 368.6 m     c) 17.35 s     d) 2553.9 m.

71.  A rock is thrown from a height of 60 m with a speed of 340 m/s at an angle of 60° above the 
horizontal. Find:
    a) How much time it takes to reach the maximum height.
    b) Maximum height (from ground).
    c) Horizontal range.
    d) The total velocity of the rock when it hits the ground.
Answer: a) 30.05 s     b) 4483.5 m     c) 10250.1 m     d) 341.73 m/s.

72.  A hammer is thrown from ground level with a speed of 70 m/s at an angle of 50° above the horizontal. 
Calculate:
    a) How much time it takes to reach the maximum height.
    b) Maximum height.
    c) How much time it takes to hit the ground.
    d) Horizontal range.
Answer: a) 5.47 s     b) 146.7 m     c) 10.94 s     d) 492.4 m.

73.  A block is thrown from a height of 130 m with a speed of 140 m/s at an angle of 25° above the 
horizontal. Find:
    a) How much time it takes to reach the maximum height.
    b) Maximum height (from ground).
    c) Horizontal range.
    d) The total velocity of the block when it hits the ground.
Answer: a) 6.04 s     b) 308.6 m     c) 1773 m     d) 148.82 m/s.
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74.  A discus is thrown from ground level with a speed of 310 m/s at an angle of 65° above the horizontal. 
Calculate:
    a) How much time it takes to reach the maximum height.
    b) Maximum height.
    c) How much time it takes to hit the ground.
    d) Horizontal range.
Answer: a) 28.67 s     b) 4027.3 m     c) 57.34 s     d) 7511.9 m.

75.  A hammer is thrown from a height of 60 m with a speed of 110 m/s at an angle of 30° above the 
horizontal. Find:
    a) How much time it takes to reach the maximum height.
    b) Maximum height (from ground).
    c) Horizontal range.
    d) The total velocity of the hammer when it hits the ground.
Answer: a) 5.61 s     b) 214.3 m     c) 1164.7 m     d) 115.22 m/s.

76.  A block is thrown from ground level with a speed of 360 m/s at an angle of 45° above the horizontal. 
Calculate:
    a) How much time it takes to reach the maximum height.
    b) Maximum height.
    c) How much time it takes to hit the ground.
    d) Horizontal range.
Answer: a) 25.98 s     b) 3306.1 m     c) 51.95 s     d) 13224.5 m.

77.  A particle is thrown from a height of 315 m with a speed of 220 m/s at an angle of 25° above the 
horizontal. Find:
    a) How much time it takes to reach the maximum height.
    b) Maximum height (from ground).
    c) Horizontal range.
    d) The total velocity of the particle when it hits the ground.
Answer: a) 9.49 s     b) 756 m     c) 4368.4 m     d) 233.61 m/s.

78.  A block is thrown from ground level with a speed of 390 m/s at an angle of 50° above the horizontal. 
Calculate:
    a) How much time it takes to reach the maximum height.
    b) Maximum height.
    c) How much time it takes to hit the ground.
    d) Horizontal range.
Answer: a) 30.49 s     b) 4553.9 m     c) 60.97 s     d) 15284.6 m.
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79.  A discus is thrown from a height of 290 m with a speed of 220 m/s at an angle of 35° above the 
horizontal. Find:
    a) How much time it takes to reach the maximum height.
    b) Maximum height (from ground).
    c) Horizontal range.
    d) The total velocity of the discus when it hits the ground.
Answer: a) 12.88 s     b) 1102.4 m     c) 5023.5 m     d) 232.56 m/s.

80.  A stone is thrown from ground level with a speed of 210 m/s at an angle of 30° above the horizontal. 
Calculate:
    a) How much time it takes to reach the maximum height.
    b) Maximum height.
    c) How much time it takes to hit the ground.
    d) Horizontal range.
Answer: a) 10.71 s     b) 562.5 m     c) 21.43 s     d) 3897.1 m.

81.  A discus is thrown from a height of 250 m with a speed of 100 m/s at an angle of 50° above the 
horizontal. Find:
    a) How much time it takes to reach the maximum height.
    b) Maximum height (from ground).
    c) Horizontal range.
    d) The total velocity of the discus when it hits the ground.
Answer: a) 7.82 s     b) 549.4 m     c) 1183.1 m     d) 122.07 m/s.

82.  A discus is thrown from ground level with a speed of 150 m/s at an angle of 30° above the horizontal. 
Calculate:
    a) How much time it takes to reach the maximum height.
    b) Maximum height.
    c) How much time it takes to hit the ground.
    d) Horizontal range.
Answer: a) 7.65 s     b) 287 m     c) 15.31 s     d) 1988.3 m.

83.  The position vector of a ball is r(t) = 3t3 i + (3t2 – 4) j where r is in meters and t is in seconds. Find: 

a) The tangential component of the acceleration as a function of time.  b) The normal (radial) component 
of the acceleration as a function of time.  c) The radius of curvature of the path at t = 3 s.

Answer: a) at = 
54t2 + 12

9t2 + 4
      b) an = 

18t

9t2 + 4
      c) 1175 m.
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84.  The position vector of an object is r(t) = (3t2 + 4) i + (5t3 – 9) j where r is in meters and t is in 

seconds. Find: a) The tangential component of the acceleration as a function of time.  b) The normal 
(radial) component of the acceleration as a function of time.  c) The radius of curvature of the path at 
t = 4 s.

Answer: a) at = 
150t2 + 12

25t2 + 4
      b) an = 

30t

25t2 + 4
      c) 9744 m.

85.  The position vector of a ball is r(t) = (2t2 – 10) i + 5t3 j where r is in meters and t is in seconds. Find: 

a) The tangential component of the acceleration as a function of time.  b) The normal (radial) component 
of the acceleration as a function of time.  c) The radius of curvature of the path at t = 3 s.

Answer: a) at = 
450t2 + 16

225t2 + 16
      b) an = 

60t

225t2 + 16
      c) 4610 m.

86.  The position vector of an object is r(t) = (t3 – 8) i + (3t2 + 14) j where r is in meters and t is in 

seconds. Find: a) The tangential component of the acceleration as a function of time.  b) The normal 
(radial) component of the acceleration as a function of time.  c) The radius of curvature of the path at 
t = 1 s.

Answer: a) at = 
6t2 + 12

t2 + 4
      b) an = 

6t

t2 + 4
      c) 16.77 m.

87.  The position vector of a block is r(t) = 5t3 i + 3t2 j where r is in meters and t is in seconds. Find: 

a) The tangential component of the acceleration as a function of time.  b) The normal (radial) component 
of the acceleration as a function of time.  c) The radius of curvature of the path at t = 3 s.

Answer: a) at = 
150t2 + 12

25t2 + 4
      b) an = 

30t

25t2 + 4
      c) 3119 m.

88.  The position vector of an object is r(t) = (2t3 + 20) i + (4t2 + 1) j where r is in meters and t is in 

seconds. Find: a) The tangential component of the acceleration as a function of time.  b) The normal 
(radial) component of the acceleration as a function of time.  c) The radius of curvature of the path at 
t = 4 s.

Answer: a) at = 
36t2 + 32

9t2 + 16
      b) an = 

24t

9t2 + 16
      c) 1349 m.

89.  The position vector of a rock is r(t) = (6t2 – 9) i + (2t3 – 11) j where r is in meters and t is in seconds. 

Find: a) The tangential component of the acceleration as a function of time.  b) The normal (radial) 
component of the acceleration as a function of time.  c) The radius of curvature of the path at t = 2 s.
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Answer: a) at = 
12t2 + 24

t2 + 4
      b) an = 

12t

t2 + 4
      c) 135.8 m.

90.  The position vector of an object is r(t) = (6t2 + 6) i + 4t3 j where r is in meters and t is in seconds. 

Find: a) The tangential component of the acceleration as a function of time.  b) The normal (radial) 
component of the acceleration as a function of time.  c) The radius of curvature of the path at t = 1 s.

Answer: a) at = 
24t2 + 12

t2 + 1
      b) an = 

12t

t2 + 1
      c) 33.94 m.

91.  The position vector of a block is r(t) = (5t2 – 1) i + (2t3 – 3) j where r is in meters and t is in seconds. 

Find: a) The tangential component of the acceleration as a function of time.  b) The normal (radial) 
component of the acceleration as a function of time.  c) The radius of curvature of the path at t = 4 s.

Answer: a) at = 
36t2 + 50

9t2 + 25
      b) an = 

30t

9t2 + 25
      c) 1172 m.

92.  The position vector of a particle is r(t) = (6t3 – 10) i + (3t2 – 12) j where r is in meters and t is in 

seconds. Find: a) The tangential component of the acceleration as a function of time.  b) The normal 
(radial) component of the acceleration as a function of time.  c) The radius of curvature of the path at 
t = 3 s.

Answer: a) at = 
108t2 + 6

9t2 + 1
      b) an = 

18t

9t2 + 1
      c) 4455 m.

93.  The position vector of a ball is r(t) = (5t3 – 7) i + (6t2 + 10) j where r is in meters and t is in seconds. 

Find: a) The tangential component of the acceleration as a function of time.  b) The normal (radial) 
component of the acceleration as a function of time.  c) The radius of curvature of the path at t = 3 s.

Answer: a) at = 
150t2 + 48

25t2 + 16
      b) an = 

60t

25t2 + 16
      c) 1684 m.

94.  The position vector of a particle is r(t) = 3t2 i + (6t3 + 8) j where r is in meters and t is in seconds. 

Find: a) The tangential component of the acceleration as a function of time.  b) The normal (radial) 
component of the acceleration as a function of time.  c) The radius of curvature of the path at t = 1 s.
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Answer: a) at = 
108t2 + 6

9t2 + 1
      b) an = 

18t

9t2 + 1
      c) 63.25 m.

95.  The position vector of a ball is r(t) = 5t3 i + (2t2 + 11) j where r is in meters and t is in seconds. Find: 

a) The tangential component of the acceleration as a function of time.  b) The normal (radial) component 
of the acceleration as a function of time.  c) The radius of curvature of the path at t = 1 s.

Answer: a) at = 
450t2 + 16

225t2 + 16
      b) an = 

60t

225t2 + 16
      c) 62.36 m.

96.  The position vector of a ball is r(t) = (t2 + 20) i + (4t3 + 8) j where r is in meters and t is in seconds. 

Find: a) The tangential component of the acceleration as a function of time.  b) The normal (radial) 
component of the acceleration as a function of time.  c) The radius of curvature of the path at t = 4 s.

Answer: a) at = 
144t2 + 2

36t2 + 1
      b) an = 

12t

36t2 + 1
      c) 18480 m.

97.  The position vector of a block is r(t) = 3t3 i + t2 j where r is in meters and t is in seconds. Find: 

a) The tangential component of the acceleration as a function of time.  b) The normal (radial) component 
of the acceleration as a function of time.  c) The radius of curvature of the path at t = 2 s.

Answer: a) at = 
162t2 + 4

81t2 + 4
      b) an = 

18t

81t2 + 4
      c) 660 m.

98.  The position vector of a ball is r(t) = (3t2 + 5) i + (5t3 + 13) j where r is in meters and t is in seconds. 

Find: a) The tangential component of the acceleration as a function of time.  b) The normal (radial) 
component of the acceleration as a function of time.  c) The radius of curvature of the path at t = 2 s.

Answer: a) at = 
150t2 + 12

25t2 + 4
      b) an = 

30t

25t2 + 4
      c) 636.4 m.

99.  The position vector of a block is r(t) = 3t3 i + (2t2 + 8) j where r is in meters and t is in seconds. Find: 

a) The tangential component of the acceleration as a function of time.  b) The normal (radial) component 
of the acceleration as a function of time.  c) The radius of curvature of the path at t = 3 s.

Answer: a) at = 
162t2 + 16

81t2 + 16
      b) an = 

36t

81t2 + 16
      c) 1695 m.
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1.  Below is a picture of an Atwood's Machine: two blocks attached to a frictionless, massless pulley. The 
blocks have masses of  m1 =  7 kg and  m2 = 11 kg. Calculate:

a) Acceleration of the blocks.
b) Tension in the cord.
c) Time required for m2 to fall 15 m.

    Data: g = 9.8 m/s2.
Answer: a) 2.18 m/s2,      b) 83.84 N,      c) 3.712 s.

2.  We have two blocks attached to a frictionless, massless pulley. The block 1 has a mass of m1 = 10 kg. If 

block 2 falls with an acceleration of 4.5 m/s2, find:
a) Mass of block 2 (m2).

b) Tension in the cord.
c) Displacement of block 1 at 4 s.
    Data: g = 9.8 m/s2.
Answer: a) 26.98 kg,      b) 143 N,      c) 36 m.

3.  In the drawing, the mass of the block on the table is m1 = 5 kg and that of the hanging block is 

m2 = 10 kg. If the coefficient of kinetic friction is 0.34 and assuming the pulley to massless, find:

a) Acceleration of the blocks and value of the frictional force.
b) Tension in the cord.
c) Time required for m2 to fall 46 m.

    Data: g = 9.8 m/s2.

Answer: a) 5.42 m/s2,      16.66 N,      b) 43.77 N,      c) 4.119 s.

4.  Two blocks are connected by a light string that passes over a frictionless pulley, as in the figure below. 
The plane is inclined at an angle of 30°, its coefficient of kinetic friction is 0.2, m1 = 9 kg and m2 = 19 kg, 

find:
a) Acceleration of the blocks and value of the frictional force.
b) The tension in the string.
c) Time required for m2 to fall 44 m.

    Data: g = 9.8 m/s2.

Answer: a) 4.53 m/s2,      15.28 N,      b) 100.14 N,      c) 4.408 s.
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5.  Three blocks are connected on the table as shown in the figure below. The table is rough and has a 
coefficient of kinetic friction of 0.15. The blocks have masses of m1 =  8 kg,  m2 = 5 kg, and m3 = 22 kg. If 

the pulleys are massless and frictionless, determine:
a) Value of the frictional force.
b) Acceleration of the blocks.
c) The tensions in the two cords.
    Data: g = 9.8 m/s2.

Answer: a) 7.35 N,      b) 3.71 m/s2,      c) 108.08 N,      133.98 N.

6.  Below is a picture of an Atwood's Machine: two blocks attached to a frictionless, massless pulley. The 
blocks have masses of  m1 =  4 kg and  m2 = 5 kg. Calculate:

a) Acceleration of the blocks.
b) Tension in the cord.
c) Time required for m2 to fall 28 m.

    Data: g = 9.8 m/s2.
Answer: a) 1.09 m/s2,      b) 43.56 N,      c) 7.171 s.

7.  We have two blocks attached to a frictionless, massless pulley. The block 1 has a mass of m1 = 4 kg. If 

block 2 falls with an acceleration of 3.5 m/s2, find:
a) Mass of block 2 (m2).

b) Tension in the cord.
c) Displacement of block 1 at 8 s.
    Data: g = 9.8 m/s2.
Answer: a) 8.44 kg,      b) 53.2 N,      c) 112 m.

8.  In the drawing, the mass of the block on the table is m1 = 9 kg and that of the hanging block is 

m2 = 12 kg. If the coefficient of kinetic friction is 0.28 and assuming the pulley to massless, find:

a) Acceleration of the blocks and value of the frictional force.
b) Tension in the cord.
c) Time required for m2 to fall 30 m.

    Data: g = 9.8 m/s2.

Answer: a) 4.42 m/s2,      24.7 N,      b) 64.51 N,      c) 3.683 s.
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9.  Two blocks are connected by a light string that passes over a frictionless pulley, as in the figure below. 
The plane is inclined at an angle of 30°, its coefficient of kinetic friction is 0.17, m1 = 7 kg and m2 = 13 kg, 

find:
a) Acceleration of the blocks and value of the frictional force.
b) The tension in the string.
c) Time required for m2 to fall 10 m.

    Data: g = 9.8 m/s2.

Answer: a) 4.15 m/s2,      10.1 N,      b) 73.45 N,      c) 2.195 s.

10.  Three blocks are connected on the table as shown in the figure below. The table is rough and has a 
coefficient of kinetic friction of 0.23. The blocks have masses of m1 =  6 kg,  m2 = 5 kg, and m3 = 17 kg. If 

the pulleys are massless and frictionless, determine:
a) Value of the frictional force.
b) Acceleration of the blocks.
c) The tensions in the two cords.
    Data: g = 9.8 m/s2.

Answer: a) 11.27 N,      b) 3.45 m/s2,      c) 79.48 N,      107.99 N.

11.  Below is a picture of an Atwood's Machine: two blocks attached to a frictionless, massless pulley. The 
blocks have masses of  m1 =  5 kg and  m2 = 13 kg. Calculate:

a) Acceleration of the blocks.
b) Tension in the cord.
c) Time required for m2 to fall 22 m.

    Data: g = 9.8 m/s2.
Answer: a) 4.36 m/s2,      b) 70.78 N,      c) 3.178 s.

12.  We have two blocks attached to a frictionless, massless pulley. The block 1 has a mass of m1 = 8 kg. If 

block 2 falls with an acceleration of 2.5 m/s2, find:
a) Mass of block 2 (m2).

b) Tension in the cord.
c) Displacement of block 1 at 11 s.
    Data: g = 9.8 m/s2.
Answer: a) 13.48 kg,      b) 98.4 N,      c) 151.25 m.
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13.  In the drawing, the mass of the block on the table is m1 = 3 kg and that of the hanging block is 

m2 = 10 kg. If the coefficient of kinetic friction is 0.31 and assuming the pulley to massless, find:

a) Acceleration of the blocks and value of the frictional force.
b) Tension in the cord.
c) Time required for m2 to fall 50 m.

    Data: g = 9.8 m/s2.

Answer: a) 6.84 m/s2,      9.11 N,      b) 29.63 N,      c) 3.824 s.

14.  Two blocks are connected by a light string that passes over a frictionless pulley, as in the figure 
below. The plane is inclined at an angle of 42°, its coefficient of kinetic friction is 0.2, m1 = 6 kg and 

m2 = 13 kg, find:

a) Acceleration of the blocks and value of the frictional force.
b) The tension in the string.
c) Time required for m2 to fall 32 m.

    Data: g = 9.8 m/s2.

Answer: a) 4.17 m/s2,      8.74 N,      b) 73.13 N,      c) 3.915 s.

15.  Three blocks are connected on the table as shown in the figure below. The table is rough and has a 
coefficient of kinetic friction of 0.33. The blocks have masses of m1 =  9 kg,  m2 = 9 kg, and m3 = 23 kg. If 

the pulleys are massless and frictionless, determine:
a) Value of the frictional force.
b) Acceleration of the blocks.
c) The tensions in the two cords.
    Data: g = 9.8 m/s2.

Answer: a) 29.11 N,      b) 2.64 m/s2,      c) 111.93 N,      164.76 N.

16.  Below is a picture of an Atwood's Machine: two blocks attached to a frictionless, massless pulley. The 
blocks have masses of  m1 =  4 kg and  m2 = 12 kg. Calculate:

a) Acceleration of the blocks.
b) Tension in the cord.
c) Time required for m2 to fall 30 m.

    Data: g = 9.8 m/s2.
Answer: a) 4.9 m/s2,      b) 58.8 N,      c) 3.499 s.
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17.  We have two blocks attached to a frictionless, massless pulley. The block 1 has a mass of m1 = 14 kg. 

If block 2 falls with an acceleration of 6.5 m/s2, find:
a) Mass of block 2 (m2).

b) Tension in the cord.
c) Displacement of block 1 at 4 s.
    Data: g = 9.8 m/s2.
Answer: a) 69.15 kg,      b) 228.2 N,      c) 52 m.

18.  In the drawing, the mass of the block on the table is m1 = 7 kg and that of the hanging block is 

m2 = 11 kg. If the coefficient of kinetic friction is 0.19 and assuming the pulley to massless, find:

a) Acceleration of the blocks and value of the frictional force.
b) Tension in the cord.
c) Time required for m2 to fall 54 m.

    Data: g = 9.8 m/s2.

Answer: a) 5.26 m/s2,      13.03 N,      b) 49.89 N,      c) 4.529 s.

19.  Two blocks are connected by a light string that passes over a frictionless pulley, as in the figure 
below. The plane is inclined at an angle of 45°, its coefficient of kinetic friction is 0.28, m1 = 5 kg and 

m2 = 17 kg, find:

a) Acceleration of the blocks and value of the frictional force.
b) The tension in the string.
c) Time required for m2 to fall 52 m.

    Data: g = 9.8 m/s2.

Answer: a) 5.56 m/s2,      9.7 N,      b) 72.13 N,      c) 4.326 s.

20.  Three blocks are connected on the table as shown in the figure below. The table is rough and has a 
coefficient of kinetic friction of 0.26. The blocks have masses of m1 =  7 kg,  m2 = 7 kg, and m3 = 21 kg. If 

the pulleys are massless and frictionless, determine:
a) Value of the frictional force.
b) Acceleration of the blocks.
c) The tensions in the two cords.
    Data: g = 9.8 m/s2.

Answer: a) 17.84 N,      b) 3.41 m/s2,      c) 92.47 N,      134.18 N.
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21.  Below is a picture of an Atwood's Machine: two blocks attached to a frictionless, massless pulley. The 
blocks have masses of  m1 =  5 kg and  m2 = 11 kg. Calculate:

a) Acceleration of the blocks.
b) Tension in the cord.
c) Time required for m2 to fall 11 m.

    Data: g = 9.8 m/s2.
Answer: a) 3.68 m/s2,      b) 67.38 N,      c) 2.447 s.

22.  We have two blocks attached to a frictionless, massless pulley. The block 1 has a mass of m1 = 11 kg. 

If block 2 falls with an acceleration of 5.5 m/s2, find:
a) Mass of block 2 (m2).

b) Tension in the cord.
c) Displacement of block 1 at 5 s.
    Data: g = 9.8 m/s2.
Answer: a) 39.14 kg,      b) 168.3 N,      c) 68.75 m.

23.  In the drawing, the mass of the block on the table is m1 = 3 kg and that of the hanging block is 

m2 = 7 kg. If the coefficient of kinetic friction is 0.19 and assuming the pulley to massless, find:

a) Acceleration of the blocks and value of the frictional force.
b) Tension in the cord.
c) Time required for m2 to fall 42 m.

    Data: g = 9.8 m/s2.

Answer: a) 6.3 m/s2,      5.59 N,      b) 24.49 N,      c) 3.651 s.

24.  Two blocks are connected by a light string that passes over a frictionless pulley, as in the figure 
below. The plane is inclined at an angle of 36°, its coefficient of kinetic friction is 0.23, m1 = 4 kg and 

m2 = 15 kg, find:

a) Acceleration of the blocks and value of the frictional force.
b) The tension in the string.
c) Time required for m2 to fall 56 m.

    Data: g = 9.8 m/s2.

Answer: a) 6.14 m/s2,      7.29 N,      b) 54.9 N,      c) 4.271 s.
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25.  Three blocks are connected on the table as shown in the figure below. The table is rough and has a 
coefficient of kinetic friction of 0.27. The blocks have masses of m1 =  4 kg,  m2 = 6 kg, and m3 = 15 kg. If 

the pulleys are massless and frictionless, determine:
a) Value of the frictional force.
b) Acceleration of the blocks.
c) The tensions in the two cords.
    Data: g = 9.8 m/s2.

Answer: a) 15.88 N,      b) 3.68 m/s2,      c) 53.91 N,      91.85 N.

26.  Below is a picture of an Atwood's Machine: two blocks attached to a frictionless, massless pulley. The 
blocks have masses of  m1 =  4 kg and  m2 = 8 kg. Calculate:

a) Acceleration of the blocks.
b) Tension in the cord.
c) Time required for m2 to fall 8 m.

    Data: g = 9.8 m/s2.
Answer: a) 3.27 m/s2,      b) 52.27 N,      c) 2.213 s.

27.  We have two blocks attached to a frictionless, massless pulley. The block 1 has a mass of m1 = 6 kg. If 

block 2 falls with an acceleration of 3 m/s2, find:
a) Mass of block 2 (m2).

b) Tension in the cord.
c) Displacement of block 1 at 3 s.
    Data: g = 9.8 m/s2.
Answer: a) 11.29 kg,      b) 76.8 N,      c) 13.5 m.

28.  In the drawing, the mass of the block on the table is m1 = 1 kg and that of the hanging block is 

m2 = 10 kg. If the coefficient of kinetic friction is 0.25 and assuming the pulley to massless, find:

a) Acceleration of the blocks and value of the frictional force.
b) Tension in the cord.
c) Time required for m2 to fall 14 m.

    Data: g = 9.8 m/s2.

Answer: a) 8.69 m/s2,      2.45 N,      b) 11.14 N,      c) 1.795 s.
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29.  Two blocks are connected by a light string that passes over a frictionless pulley, as in the figure 
below. The plane is inclined at an angle of 60°, its coefficient of kinetic friction is 0.32, m1 = 5 kg and 

m2 = 13 kg, find:

a) Acceleration of the blocks and value of the frictional force.
b) The tension in the string.
c) Time required for m2 to fall 34 m.

    Data: g = 9.8 m/s2.

Answer: a) 4.28 m/s2,      7.84 N,      b) 71.7 N,      c) 3.984 s.

30.  Three blocks are connected on the table as shown in the figure below. The table is rough and has a 
coefficient of kinetic friction of 0.31. The blocks have masses of m1 =  4 kg,  m2 = 6 kg, and m3 = 16 kg. If 

the pulleys are massless and frictionless, determine:
a) Value of the frictional force.
b) Acceleration of the blocks.
c) The tensions in the two cords.
    Data: g = 9.8 m/s2.

Answer: a) 18.23 N,      b) 3.82 m/s2,      c) 54.49 N,      95.65 N.

31.  Below is a picture of an Atwood's Machine: two blocks attached to a frictionless, massless pulley. The 
blocks have masses of  m1 =  5 kg and  m2 = 13 kg. Calculate:

a) Acceleration of the blocks.
b) Tension in the cord.
c) Time required for m2 to fall 15 m.

    Data: g = 9.8 m/s2.
Answer: a) 4.36 m/s2,      b) 70.78 N,      c) 2.624 s.

32.  We have two blocks attached to a frictionless, massless pulley. The block 1 has a mass of m1 = 16 kg. 

If block 2 falls with an acceleration of 2 m/s2, find:
a) Mass of block 2 (m2).

b) Tension in the cord.
c) Displacement of block 1 at 11 s.
    Data: g = 9.8 m/s2.
Answer: a) 24.21 kg,      b) 188.8 N,      c) 121 m.
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33.  In the drawing, the mass of the block on the table is m1 = 6 kg and that of the hanging block is 

m2 = 14 kg. If the coefficient of kinetic friction is 0.18 and assuming the pulley to massless, find:

a) Acceleration of the blocks and value of the frictional force.
b) Tension in the cord.
c) Time required for m2 to fall 20 m.

    Data: g = 9.8 m/s2.

Answer: a) 6.33 m/s2,      10.58 N,      b) 48.57 N,      c) 2.514 s.

34.  Two blocks are connected by a light string that passes over a frictionless pulley, as in the figure 
below. The plane is inclined at an angle of 52°, its coefficient of kinetic friction is 0.19, m1 = 4 kg and 

m2 = 9 kg, find:

a) Acceleration of the blocks and value of the frictional force.
b) The tension in the string.
c) Time required for m2 to fall 18 m.

    Data: g = 9.8 m/s2.

Answer: a) 4.06 m/s2,      4.59 N,      b) 51.7 N,      c) 2.979 s.

35.  Three blocks are connected on the table as shown in the figure below. The table is rough and has a 
coefficient of kinetic friction of 0.18. The blocks have masses of m1 =  1 kg,  m2 = 4 kg, and m3 = 13 kg. If 

the pulleys are massless and frictionless, determine:
a) Value of the frictional force.
b) Acceleration of the blocks.
c) The tensions in the two cords.
    Data: g = 9.8 m/s2.

Answer: a) 7.06 N,      b) 6.14 m/s2,      c) 15.94 N,      47.56 N.

36.  Below is a picture of an Atwood's Machine: two blocks attached to a frictionless, massless pulley. The 
blocks have masses of  m1 =  5 kg and  m2 = 10 kg. Calculate:

a) Acceleration of the blocks.
b) Tension in the cord.
c) Time required for m2 to fall 36 m.

    Data: g = 9.8 m/s2.
Answer: a) 3.27 m/s2,      b) 65.33 N,      c) 4.695 s.
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37.  We have two blocks attached to a frictionless, massless pulley. The block 1 has a mass of m1 = 9 kg. If 

block 2 falls with an acceleration of 7 m/s2, find:
a) Mass of block 2 (m2).

b) Tension in the cord.
c) Displacement of block 1 at 9 s.
    Data: g = 9.8 m/s2.
Answer: a) 54 kg,      b) 151.2 N,      c) 283.5 m.

38.  In the drawing, the mass of the block on the table is m1 = 4 kg and that of the hanging block is 

m2 = 10 kg. If the coefficient of kinetic friction is 0.17 and assuming the pulley to massless, find:

a) Acceleration of the blocks and value of the frictional force.
b) Tension in the cord.
c) Time required for m2 to fall 12 m.

    Data: g = 9.8 m/s2.

Answer: a) 6.52 m/s2,      6.66 N,      b) 32.76 N,      c) 1.918 s.

39.  Two blocks are connected by a light string that passes over a frictionless pulley, as in the figure 
below. The plane is inclined at an angle of 60°, its coefficient of kinetic friction is 0.19, m1 = 6 kg and 

m2 = 18 kg, find:

a) Acceleration of the blocks and value of the frictional force.
b) The tension in the string.
c) Time required for m2 to fall 50 m.

    Data: g = 9.8 m/s2.

Answer: a) 5 m/s2,      5.59 N,      b) 86.48 N,      c) 4.474 s.

40.  Three blocks are connected on the table as shown in the figure below. The table is rough and has a 
coefficient of kinetic friction of 0.21. The blocks have masses of m1 =  8 kg,  m2 = 7 kg, and m3 = 21 kg. If 

the pulleys are massless and frictionless, determine:
a) Value of the frictional force.
b) Acceleration of the blocks.
c) The tensions in the two cords.
    Data: g = 9.8 m/s2.

Answer: a) 14.41 N,      b) 3.14 m/s2,      c) 103.51 N,      139.89 N.
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41.  Below is a picture of an Atwood's Machine: two blocks attached to a frictionless, massless pulley. The 
blocks have masses of  m1 =  8 kg and  m2 = 12 kg. Calculate:

a) Acceleration of the blocks.
b) Tension in the cord.
c) Time required for m2 to fall 38 m.

    Data: g = 9.8 m/s2.
Answer: a) 1.96 m/s2,      b) 94.08 N,      c) 6.227 s.

42.  We have two blocks attached to a frictionless, massless pulley. The block 1 has a mass of m1 = 8 kg. If 

block 2 falls with an acceleration of 4 m/s2, find:
a) Mass of block 2 (m2).

b) Tension in the cord.
c) Displacement of block 1 at 4 s.
    Data: g = 9.8 m/s2.
Answer: a) 19.03 kg,      b) 110.4 N,      c) 32 m.

43.  In the drawing, the mass of the block on the table is m1 = 1 kg and that of the hanging block is 

m2 = 5 kg. If the coefficient of kinetic friction is 0.24 and assuming the pulley to massless, find:

a) Acceleration of the blocks and value of the frictional force.
b) Tension in the cord.
c) Time required for m2 to fall 38 m.

    Data: g = 9.8 m/s2.

Answer: a) 7.77 m/s2,      2.35 N,      b) 10.13 N,      c) 3.127 s.

44.  Two blocks are connected by a light string that passes over a frictionless pulley, as in the figure 
below. The plane is inclined at an angle of 30°, its coefficient of kinetic friction is 0.27, m1 = 7 kg and 

m2 = 19 kg, find:

a) Acceleration of the blocks and value of the frictional force.
b) The tension in the string.
c) Time required for m2 to fall 66 m.

    Data: g = 9.8 m/s2.

Answer: a) 5.23 m/s2,      16.04 N,      b) 86.92 N,      c) 5.026 s.
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45.  Three blocks are connected on the table as shown in the figure below. The table is rough and has a 
coefficient of kinetic friction of 0.34. The blocks have masses of m1 =  6 kg,  m2 = 2 kg, and m3 = 17 kg. If 

the pulleys are massless and frictionless, determine:
a) Value of the frictional force.
b) Acceleration of the blocks.
c) The tensions in the two cords.
    Data: g = 9.8 m/s2.

Answer: a) 6.66 N,      b) 4.05 m/s2,      c) 83.07 N,      97.83 N.

46.  Below is a picture of an Atwood's Machine: two blocks attached to a frictionless, massless pulley. The 
blocks have masses of  m1 =  2 kg and  m2 = 8 kg. Calculate:

a) Acceleration of the blocks.
b) Tension in the cord.
c) Time required for m2 to fall 29 m.

    Data: g = 9.8 m/s2.
Answer: a) 5.88 m/s2,      b) 31.36 N,      c) 3.141 s.

47.  We have two blocks attached to a frictionless, massless pulley. The block 1 has a mass of m1 = 12 kg. 

If block 2 falls with an acceleration of 6 m/s2, find:
a) Mass of block 2 (m2).

b) Tension in the cord.
c) Displacement of block 1 at 3 s.
    Data: g = 9.8 m/s2.
Answer: a) 49.89 kg,      b) 189.6 N,      c) 27 m.

48.  In the drawing, the mass of the block on the table is m1 = 1 kg and that of the hanging block is 

m2 = 6 kg. If the coefficient of kinetic friction is 0.27 and assuming the pulley to massless, find:

a) Acceleration of the blocks and value of the frictional force.
b) Tension in the cord.
c) Time required for m2 to fall 52 m.

    Data: g = 9.8 m/s2.

Answer: a) 8.02 m/s2,      2.65 N,      b) 10.67 N,      c) 3.601 s.
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49.  Two blocks are connected by a light string that passes over a frictionless pulley, as in the figure 
below. The plane is inclined at an angle of 30°, its coefficient of kinetic friction is 0.23, m1 = 8 kg and 

m2 = 18 kg, find:

a) Acceleration of the blocks and value of the frictional force.
b) The tension in the string.
c) Time required for m2 to fall 14 m.

    Data: g = 9.8 m/s2.

Answer: a) 4.68 m/s2,      15.62 N,      b) 92.23 N,      c) 2.447 s.

50.  Three blocks are connected on the table as shown in the figure below. The table is rough and has a 
coefficient of kinetic friction of 0.29. The blocks have masses of m1 =  7 kg,  m2 = 7 kg, and m3 = 20 kg. If 

the pulleys are massless and frictionless, determine:
a) Value of the frictional force.
b) Acceleration of the blocks.
c) The tensions in the two cords.
    Data: g = 9.8 m/s2.

Answer: a) 19.89 N,      b) 3.16 m/s2,      c) 90.73 N,      132.76 N.

51.  A 14 kg mass moving at 41 m/s collides with a stationary 8 kg mass. After the collision, both the 
14 kg and the 8 kg mass move off in the same direction. Calculate the speed of the 14 kg mass if the 8 kg 
mass is moving at 42 m/s.
Answer: 17 m/s.

52.  In a collision, a 37 kg mass moving at 18 m/s transfers all of its momentum to a 74 kg mass. Find the 
velocity of the 74 kg mass after the collision.
Answer: 9 m/s.

53.  A 0.365 kg projectile is fired with a velocity of 775 m/s at a 2.5 kg wooden block that rests on a 
frictionless table. The speed of the block immediately after the projectile passes through it is 13 m/s. 
Calculate the speed with which the projectile exits from the block.
Answer: 686 m/s.

54.  A 76 kg man, running horizontally at 3.1 m/s, jumps onto a 12 kg sled that rests on a frictionless table. 
Calculate the speed of the sled and man just after the collision.
Answer: 2.68 m/s.

55.  An 87 kg astronaut tries to push on a 265 kg satellite. The astronaut gives the satellite a speed of 
5.6 m/s. How fast is the astronaut moving?
Answer: –17.1 m/s.
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56.  A 444 g soccer ball is rolling on the ground at 3.7 m/s. A soccer player kicks the ball, giving it a 
velocity of 17 m/s.
     a) Find the impulse given to the ball by the player.
     b) If the player's foot was in contact with the ball for 0.26 s, what force did the player put on the ball?
Answer:  a) 9.19 N·s     b) 35.3 N.

57.  An 112 kg rock is blasted into pieces. One piece is moving at 25 m/s and has a mass of 42 kg. Find the 
speed of the other piece.
Answer: 15 m/s.

58.  A 300 kg cannon that rests on a frictionless surface fires a 12 kg cannonball at 150 m/s. With what 
velocity does the cannon recoil?
Answer: –6 m/s.

59.  An 1440 kg car travels at a constant speed of 25 m/s. Other car has a mass of 1680 kg and travels 
toward the first car at 21 m/s.
     a) Find the momentum of each car.
     b) Find the total momentum of both cars.
     c) The two cars stick together after the collision. At what speed will they travel after the collision?
Answer:  a) 36000 kg·m/s,  –35280 kg·m/s     b) 720 kg·m/s     c) 0.231 m/s.

60.  A 30 kg mass moving at 48 m/s collides with a stationary 15 kg mass. After the collision, both the 
30 kg and the 15 kg mass move off in the same direction. Calculate the speed of the 30 kg mass if the 
15 kg mass is moving at 48 m/s.
Answer: 24 m/s.

61.  In a collision, a 10 kg mass moving at 42 m/s transfers all of its momentum to a 14 kg mass. Find the 
velocity of the 14 kg mass after the collision.
Answer: 30 m/s.

62.  A 0.47 kg projectile is fired with a velocity of 560 m/s at a 2.5 kg wooden block that rests on a 
frictionless table. The speed of the block immediately after the projectile passes through it is 34 m/s. 
Calculate the speed with which the projectile exits from the block.
Answer: 379 m/s.

63.  A 72 kg man, running horizontally at 5.7 m/s, jumps onto a 24 kg sled that rests on a frictionless table. 
Calculate the speed of the sled and man just after the collision.
Answer: 4.28 m/s.
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64.  An 107 kg astronaut tries to push on an 1060 kg satellite. The astronaut gives the satellite a speed of 
2 m/s. How fast is the astronaut moving?
Answer: –19.8 m/s.

65.  A 440 g soccer ball is rolling on the ground at 3.2 m/s. A soccer player kicks the ball, giving it a 
velocity of 10 m/s.
     a) Find the impulse given to the ball by the player.
     b) If the player's foot was in contact with the ball for 0.21 s, what force did the player put on the ball?
Answer:  a) 5.81 N·s     b) 27.7 N.

66.  An 171 kg rock is blasted into pieces. One piece is moving at 32 m/s and has a mass of 57 kg. Find the 
speed of the other piece.
Answer: 16 m/s.

67.  A 200 kg cannon that rests on a frictionless surface fires an 18 kg cannonball at 500 m/s. With what 
velocity does the cannon recoil?
Answer: –45 m/s.

68.  An 1360 kg car travels at a constant speed of 21 m/s. Other car has a mass of 2000 kg and travels 
toward the first car at 13 m/s.
     a) Find the momentum of each car.
     b) Find the total momentum of both cars.
     c) The two cars stick together after the collision. At what speed will they travel after the collision?
Answer:  a) 28560 kg·m/s,  –26000 kg·m/s     b) 2560 kg·m/s     c) 0.762 m/s.

69.  A 12 kg mass moving at 29 m/s collides with a stationary 4 kg mass. After the collision, both the 
12 kg and the 4 kg mass move off in the same direction. Calculate the speed of the 12 kg mass if the 4 kg 
mass is moving at 12 m/s.
Answer: 25 m/s.

70.  In a collision, a 10 kg mass moving at 19 m/s transfers all of its momentum to a 38 kg mass. Find the 
velocity of the 38 kg mass after the collision.
Answer: 5 m/s.

71.  A 0.465 kg projectile is fired with a velocity of 525 m/s at a 2 kg wooden block that rests on a 
frictionless table. The speed of the block immediately after the projectile passes through it is 34 m/s. 
Calculate the speed with which the projectile exits from the block.
Answer: 379 m/s.
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72.  An 80 kg man, running horizontally at 2.7 m/s, jumps onto a 24 kg sled that rests on a frictionless 
table. Calculate the speed of the sled and man just after the collision.
Answer: 2.08 m/s.

73.  An 103 kg astronaut tries to push on a 630 kg satellite. The astronaut gives the satellite a speed of 
1 m/s. How fast is the astronaut moving?
Answer: –6.12 m/s.

74.  A 433 g soccer ball is rolling on the ground at 4.7 m/s. A soccer player kicks the ball, giving it a 
velocity of 8 m/s.
     a) Find the impulse given to the ball by the player.
     b) If the player's foot was in contact with the ball for 0.32 s, what force did the player put on the ball?
Answer:  a) 5.5 N·s     b) 17.2 N.

75.  An 160 kg rock is blasted into pieces. One piece is moving at 22 m/s and has a mass of 50 kg. Find the 
speed of the other piece.
Answer: 10 m/s.

76.  A 250 kg cannon that rests on a frictionless surface fires a 10 kg cannonball at 500 m/s. With what 
velocity does the cannon recoil?
Answer: –20 m/s.

77.  An 1040 kg car travels at a constant speed of 25 m/s. Other car has a mass of 1530 kg and travels 
toward the first car at 13 m/s.
     a) Find the momentum of each car.
     b) Find the total momentum of both cars.
     c) The two cars stick together after the collision. At what speed will they travel after the collision?
Answer:  a) 26000 kg·m/s,  –19890 kg·m/s     b) 6110 kg·m/s     c) 2.38 m/s.

78.  A 19 kg mass moving at 18 m/s collides with a stationary 2 kg mass. After the collision, both the 
19 kg and the 2 kg mass move off in the same direction. Calculate the speed of the 19 kg mass if the 2 kg 
mass is moving at 133 m/s.
Answer: 4 m/s.

79.  In a collision, a 2 kg mass moving at 42 m/s transfers all of its momentum to a 12 kg mass. Find the 
velocity of the 12 kg mass after the collision.
Answer: 7 m/s.
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80.  A 0.4 kg projectile is fired with a velocity of 550 m/s at a 3 kg wooden block that rests on a 
frictionless table. The speed of the block immediately after the projectile passes through it is 35 m/s. 
Calculate the speed with which the projectile exits from the block.
Answer: 288 m/s.

81.  A 78 kg man, running horizontally at 7.3 m/s, jumps onto a 22 kg sled that rests on a frictionless table. 
Calculate the speed of the sled and man just after the collision.
Answer: 5.69 m/s.

82.  A 91 kg astronaut tries to push on an 1860 kg satellite. The astronaut gives the satellite a speed of 
3.9 m/s. How fast is the astronaut moving?
Answer: –79.7 m/s.

83.  A 431 g soccer ball is rolling on the ground at 4.1 m/s. A soccer player kicks the ball, giving it a 
velocity of 11 m/s.
     a) Find the impulse given to the ball by the player.
     b) If the player's foot was in contact with the ball for 0.2 s, what force did the player put on the ball?
Answer:  a) 6.51 N·s     b) 32.5 N.

84.  An 102 kg rock is blasted into pieces. One piece is moving at 36 m/s and has a mass of 34 kg. Find the 
speed of the other piece.
Answer: 18 m/s.

85.  A 250 kg cannon that rests on a frictionless surface fires a 10 kg cannonball at 500 m/s. With what 
velocity does the cannon recoil?
Answer: –20 m/s.

86.  An 1040 kg car travels at a constant speed of 25 m/s. Other car has a mass of 1530 kg and travels 
toward the first car at 13 m/s.
     a) Find the momentum of each car.
     b) Find the total momentum of both cars.
     c) The two cars stick together after the collision. At what speed will they travel after the collision?
Answer:  a) 26000 kg·m/s,  –19890 kg·m/s     b) 6110 kg·m/s     c) 2.38 m/s.

87.  A 19 kg mass moving at 18 m/s collides with a stationary 2 kg mass. After the collision, both the 
19 kg and the 2 kg mass move off in the same direction. Calculate the speed of the 19 kg mass if the 2 kg 
mass is moving at 133 m/s.
Answer: 4 m/s.
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88.  In a collision, a 32 kg mass moving at 14 m/s transfers all of its momentum to a 64 kg mass. Find the 
velocity of the 64 kg mass after the collision.
Answer: 7 m/s.

89.  A 0.49 kg projectile is fired with a velocity of 500 m/s at a 3.5 kg wooden block that rests on a 
frictionless table. The speed of the block immediately after the projectile passes through it is 24 m/s. 
Calculate the speed with which the projectile exits from the block.
Answer: 329 m/s.

90.  An 85 kg man, running horizontally at 6.4 m/s, jumps onto a 23 kg sled that rests on a frictionless 
table. Calculate the speed of the sled and man just after the collision.
Answer: 5.04 m/s.

91.  An 101 kg astronaut tries to push on an 1640 kg satellite. The astronaut gives the satellite a speed of 
4.5 m/s. How fast is the astronaut moving?
Answer: –73.1 m/s.

92.  A 436 g soccer ball is rolling on the ground at 3.7 m/s. A soccer player kicks the ball, giving it a 
velocity of 12 m/s.
     a) Find the impulse given to the ball by the player.
     b) If the player's foot was in contact with the ball for 0.13 s, what force did the player put on the ball?
Answer:  a) 6.85 N·s     b) 52.7 N.

93.  An 124 kg rock is blasted into pieces. One piece is moving at 30 m/s and has a mass of 31 kg. Find the 
speed of the other piece.
Answer: 10 m/s.

94.  A 580 kg cannon that rests on a frictionless surface fires a 6 kg cannonball at 290 m/s. With what 
velocity does the cannon recoil?
Answer: –3 m/s.

95.  An 1220 kg car travels at a constant speed of 22 m/s. Other car has a mass of 1900 kg and travels 
toward the first car at 12 m/s.
     a) Find the momentum of each car.
     b) Find the total momentum of both cars.
     c) The two cars stick together after the collision. At what speed will they travel after the collision?
Answer:  a) 26840 kg·m/s,  –22800 kg·m/s     b) 4040 kg·m/s     c) 1.29 m/s.
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96.  A 7 kg mass moving at 26 m/s collides with a stationary 3 kg mass. After the collision, both the 7 kg 
and the 3 kg mass move off in the same direction. Calculate the speed of the 7 kg mass if the 3 kg mass is 
moving at 35 m/s.
Answer: 11 m/s.

97.  In a collision, a 39 kg mass moving at 5 m/s transfers all of its momentum to a 65 kg mass. Find the 
velocity of the 65 kg mass after the collision.
Answer: 3 m/s.

98.  A 0.35 kg projectile is fired with a velocity of 535 m/s at a 2.5 kg wooden block that rests on a 
frictionless table. The speed of the block immediately after the projectile passes through it is 29 m/s. 
Calculate the speed with which the projectile exits from the block.
Answer: 328 m/s.

99.  A 77 kg man, running horizontally at 3.9 m/s, jumps onto a 22 kg sled that rests on a frictionless table. 
Calculate the speed of the sled and man just after the collision.
Answer: 3.03 m/s.
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1.  A sinusoidal wave is propagated on a string with amplitude 2.4 m, wavelength 3.9 m, and speed of 
604.5 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 155 Hz,  b) 6.452×10–3 s,  c) y(x, t) = 2.4 sin (310  t – 1.6111 x).

2.  The wave function of a wave traveling on a string is given by y(x, t) = 1.275 sin (1180  t – 2  x) 
where y is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.

Answer: a) 590 m/s,  b) 1 m,  c) 590 Hz,  d) 1.695×10–3 s,  e) 4727 m/s.

3.  A sinusoidal wave is propagated on a string with amplitude 0.975 m, frequency 120 Hz, and speed of 
684 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 5.7 m,  b) 8.333×10–3 s,  c) y(x, t) = 0.975 sin (240  t – 1.1023 x).

4.  A sinusoidal wave is propagated on a string with amplitude 2.1 m, frequency 70 Hz, and wavelength of 
1.6 m.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 112 m/s,  b) 0.01429 s,  c) y(x, t) = 2.1 sin (140  t – 1.25  x).

5.  The wave function of a wave is given by y(x, t) = 1.625 sin (540  t –  x / 2) where y is the 
displacement in meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 0.8 m from O and a point 2 m from O.
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Answer: a) 4 m,  b) 270 Hz,  c) 1080 m/s,  d) 0.6  rad.

6.  A sinusoidal wave is propagated on a string with amplitude 2.125 m, wavelength 4.8 m, and speed of 
288 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 60 Hz,  b) 0.01667 s,  c) y(x, t) = 2.125 sin (120  t – 1.309 x).

7.  The wave function of a wave traveling on a string is given by y(x, t) = 0.55 sin (460  t – 20  x) where 
y is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.

Answer: a) 23 m/s,  b) 0.1 m,  c) 230 Hz,  d) 4.348×10–3 s,  e) 794.8 m/s.

8.  A sinusoidal wave is propagated on a string with amplitude 1.225 m, frequency 435 Hz, and speed of 
2784 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 6.4 m,  b) 2.299×10–3 s,  c) y(x, t) = 1.225 sin (870  t – 0.98175 x).

9.  A sinusoidal wave is propagated on a string with amplitude 0.175 m, frequency 450 Hz, and 
wavelength of 5 m.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 2250 m/s,  b) 2.222×10–3 s,  c) y(x, t) = 0.175 sin (900  t –  x / 2.5).
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10.  The wave function of a wave is given by y(x, t) = 2.075 sin (1700  t –  x / 3) where y is the 
displacement in meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 1.8 m from O and a point 6 m from O.

Answer: a) 6 m,  b) 850 Hz,  c) 5100 m/s,  d) 1.4  rad.

11.  A sinusoidal wave is propagated on a string with amplitude 1.75 m, wavelength 5 m, and speed of 
1875 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 375 Hz,  b) 2.667×10–3 s,  c) y(x, t) = 1.75 sin (750  t –  x / 2.5).

12.  The wave function of a wave traveling on a string is given by y(x, t) = 0.575 sin (1640  t – 1.122 x) 
where y is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.

Answer: a) 4592 m/s,  b) 5.6 m,  c) 820 Hz,  d) 1.220×10–3 s,  e) 2963 m/s.

13.  A sinusoidal wave is propagated on a string with amplitude 2.45 m, frequency 355 Hz, and speed of 
71 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 0.2 m,  b) 2.817×10–3 s,  c) y(x, t) = 2.45 sin (710  t – 10  x).
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14.  A sinusoidal wave is propagated on a string with amplitude 2.1 m, frequency 470 Hz, and wavelength 
of 4 m.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 1880 m/s,  b) 2.128×10–3 s,  c) y(x, t) = 2.1 sin (940  t –  x / 2).

15.  The wave function of a wave is given by y(x, t) = 1.55 sin (650  t –  x / 1.25) where y is the 
displacement in meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 2 m from O and a point 3 m from O.

Answer: a) 2.5 m,  b) 325 Hz,  c) 812.5 m/s,  d) 0.8  rad.

16.  A sinusoidal wave is propagated on a string with amplitude 1.075 m, wavelength 30 cm, and speed of 
118.5 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 395 Hz,  b) 2.532×10–3 s,  c) y(x, t) = 1.075 sin (790  t – 20.944 x).

17.  The wave function of a wave traveling on a string is given by y(x, t) = 2.35 sin (1370  t –  x / 2.5) 
where y is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.

Answer: a) 3425 m/s,  b) 5 m,  c) 685 Hz,  d) 1.460×10–3 s,  e) 10110 m/s.
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18.  A sinusoidal wave is propagated on a string with amplitude 0.575 m, frequency 505 Hz, and speed of 
2222 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 4.4 m,  b) 1.980×10–3 s,  c) y(x, t) = 0.575 sin (1010  t – 1.428 x).

19.  A sinusoidal wave is propagated on a string with amplitude 1.225 m, frequency 695 Hz, and 
wavelength of 1.6 m.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 1112 m/s,  b) 1.439×10–3 s,  c) y(x, t) = 1.225 sin (1390  t – 1.25  x).

20.  The wave function of a wave is given by y(x, t) = 0.225 sin (1780  t – 0.75701 x) where y is the 
displacement in meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 1.66 m from O and a point 9.96 m from O.

Answer: a) 8.3 m,  b) 890 Hz,  c) 7387 m/s,  d) 2  rad.

21.  A sinusoidal wave is propagated on a string with amplitude 1.725 m, wavelength 60 cm, and speed of 
51 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 85 Hz,  b) 0.01176 s,  c) y(x, t) = 1.725 sin (170  t – 10.472 x).

22.  The wave function of a wave traveling on a string is given by y(x, t) = 0.65 sin (1450  t – 1.1023 x) 
where y is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.
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Answer: a) 4133 m/s,  b) 5.7 m,  c) 725 Hz,  d) 1.379×10–3 s,  e) 2961 m/s.

23.  A sinusoidal wave is propagated on a string with amplitude 1.55 m, frequency 325 Hz, and speed of 
812.5 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 2.5 m,  b) 3.077×10–3 s,  c) y(x, t) = 1.55 sin (650  t –  x / 1.25).

24.  A sinusoidal wave is propagated on a string with amplitude 1.075 m, frequency 395 Hz, and 
wavelength of 30 cm.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 118.5 m/s,  b) 2.532×10–3 s,  c) y(x, t) = 1.075 sin (790  t – 20.944 x).

25.  The wave function of a wave is given by y(x, t) = 2.35 sin (1370  t –  x / 2.5) where y is the 
displacement in meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 2 m from O and a point 5 m from O.

Answer: a) 5 m,  b) 685 Hz,  c) 3425 m/s,  d) 1.2  rad.

26.  A sinusoidal wave is propagated on a string with amplitude 0.575 m, wavelength 4.4 m, and speed of 
2222 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 505 Hz,  b) 1.980×10–3 s,  c) y(x, t) = 0.575 sin (1010  t – 1.428 x).
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27.  The wave function of a wave traveling on a string is given by y(x, t) = 1.225 sin (1390  t – 1.25  x) 
where y is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.

Answer: a) 1112 m/s,  b) 1.6 m,  c) 695 Hz,  d) 1.439×10–3 s,  e) 5349 m/s.

28.  A sinusoidal wave is propagated on a string with amplitude 0.225 m, frequency 890 Hz, and speed of 
7387 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 8.3 m,  b) 1.124×10–3 s,  c) y(x, t) = 0.225 sin (1780  t – 0.75701 x).

29.  A sinusoidal wave is propagated on a string with amplitude 1.725 m, frequency 85 Hz, and 
wavelength of 60 cm.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 51 m/s,  b) 0.01176 s,  c) y(x, t) = 1.725 sin (170  t – 10.472 x).

30.  The wave function of a wave is given by y(x, t) = 0.65 sin (1450  t – 1.1023 x) where y is the 
displacement in meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 3.42 m from O and a point 5.7 m from O.

Answer: a) 5.7 m,  b) 725 Hz,  c) 4133 m/s,  d) 0.8  rad.
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31.  A sinusoidal wave is propagated on a string with amplitude 1.55 m, wavelength 2.5 m, and speed of 
812.5 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 325 Hz,  b) 3.077×10–3 s,  c) y(x, t) = 1.55 sin (650  t –  x / 1.25).

32.  The wave function of a wave traveling on a string is given by y(x, t) = 1.075 sin (790  t – 20.944 x) 
where y is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.

Answer: a) 118.5 m/s,  b) 0.3 m,  c) 395 Hz,  d) 2.532×10–3 s,  e) 2668 m/s.

33.  A sinusoidal wave is propagated on a string with amplitude 2.35 m, frequency 685 Hz, and speed of 
3425 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 5 m,  b) 1.460×10–3 s,  c) y(x, t) = 2.35 sin (1370  t –  x / 2.5).

34.  A sinusoidal wave is propagated on a string with amplitude 0.575 m, frequency 505 Hz, and 
wavelength of 4.4 m.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 2222 m/s,  b) 1.980×10–3 s,  c) y(x, t) = 0.575 sin (1010  t – 1.428 x).

35.  The wave function of a wave is given by y(x, t) = 1.225 sin (1390  t – 1.25  x) where y is the 
displacement in meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 1.12 m from O and a point 2.56 m from O.
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Answer: a) 1.6 m,  b) 695 Hz,  c) 1112 m/s,  d) 5.655 rad.

36.  A sinusoidal wave is propagated on a string with amplitude 0.225 m, wavelength 8.3 m, and speed of 
7387 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 890 Hz,  b) 1.124×10–3 s,  c) y(x, t) = 0.225 sin (1780  t – 0.75701 x).

37.  The wave function of a wave traveling on a string is given by y(x, t) = 1.725 sin (170  t – 10.472 x) 
where y is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.

Answer: a) 51 m/s,  b) 0.6 m,  c) 85 Hz,  d) 0.01176 s,  e) 921.3 m/s.

38.  A sinusoidal wave is propagated on a string with amplitude 0.65 m, frequency 725 Hz, and speed of 
4133 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 5.7 m,  b) 1.379×10–3 s,  c) y(x, t) = 0.65 sin (1450  t – 1.1023 x).

39.  A sinusoidal wave is propagated on a string with amplitude 1.55 m, frequency 325 Hz, and 
wavelength of 2.5 m.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 812.5 m/s,  b) 3.077×10–3 s,  c) y(x, t) = 1.55 sin (650  t –  x / 1.25).
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40.  The wave function of a wave is given by y(x, t) = 1.075 sin (790  t – 20.944 x) where y is the 
displacement in meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 0.18 m from O and a point 0.36 m from O.

Answer: a) 0.3 m,  b) 395 Hz,  c) 118.5 m/s,  d) 1.2  rad.

41.  A sinusoidal wave is propagated on a string with amplitude 2.35 m, wavelength 5 m, and speed of 
3425 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 685 Hz,  b) 1.460×10–3 s,  c) y(x, t) = 2.35 sin (1370  t –  x / 2.5).

42.  The wave function of a wave traveling on a string is given by y(x, t) = 0.575 sin (1010  t – 1.428 x) 
where y is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.

Answer: a) 2222 m/s,  b) 4.4 m,  c) 505 Hz,  d) 1.980×10–3 s,  e) 1824 m/s.

43.  A sinusoidal wave is propagated on a string with amplitude 1.225 m, frequency 695 Hz, and speed of 
1112 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 1.6 m,  b) 1.439×10–3 s,  c) y(x, t) = 1.225 sin (1390  t – 1.25  x).
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44.  A sinusoidal wave is propagated on a string with amplitude 0.225 m, frequency 890 Hz, and 
wavelength of 8.3 m.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 7387 m/s,  b) 1.124×10–3 s,  c) y(x, t) = 0.225 sin (1780  t – 0.75701 x).

45.  The wave function of a wave is given by y(x, t) = 1.725 sin (170  t – 10.472 x) where y is the 
displacement in meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 0.6 m from O and a point 0.96 m from O.

Answer: a) 0.6 m,  b) 85 Hz,  c) 51 m/s,  d) 1.2  rad.

46.  A sinusoidal wave is propagated on a string with amplitude 0.65 m, wavelength 5.7 m, and speed of 
4133 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 725 Hz,  b) 1.379×10–3 s,  c) y(x, t) = 0.65 sin (1450  t – 1.1023 x).

47.  The wave function of a wave traveling on a string is given by y(x, t) = 1.55 sin (650  t –  x / 1.25) 
where y is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.

Answer: a) 812.5 m/s,  b) 2.5 m,  c) 325 Hz,  d) 3.077×10–3 s,  e) 3165 m/s.
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48.  A sinusoidal wave is propagated on a string with amplitude 1.075 m, frequency 395 Hz, and speed of 
118.5 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 0.3 m,  b) 2.532×10–3 s,  c) y(x, t) = 1.075 sin (790  t – 20.944 x).

49.  A sinusoidal wave is propagated on a string with amplitude 2.35 m, frequency 685 Hz, and 
wavelength of 5 m.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 3425 m/s,  b) 1.460×10–3 s,  c) y(x, t) = 2.35 sin (1370  t –  x / 2.5).

50.  The wave function of a wave is given by y(x, t) = 0.575 sin (1010  t – 1.428 x) where y is the 
displacement in meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 3.96 m from O and a point 6.16 m from O.

Answer: a) 4.4 m,  b) 505 Hz,  c) 2222 m/s,  d) 3.142 rad.

51.  A sinusoidal wave is propagated on a string with amplitude 1.225 m, wavelength 1.6 m, and speed of 
1112 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 695 Hz,  b) 1.439×10–3 s,  c) y(x, t) = 1.225 sin (1390  t – 1.25  x).

52.  The wave function of a wave traveling on a string is given by 
y(x, t) = 0.225 sin (1780  t – 0.75701 x) where y is the displacement in meters, t is time in seconds and x 
is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.

12



99 problems: waves  

Answer: a) 7387 m/s,  b) 8.3 m,  c) 890 Hz,  d) 1.124×10–3 s,  e) 1258 m/s.

53.  A sinusoidal wave is propagated on a string with amplitude 1.725 m, frequency 85 Hz, and speed of 
51 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 0.6 m,  b) 0.01176 s,  c) y(x, t) = 1.725 sin (170  t – 10.472 x).

54.  A sinusoidal wave is propagated on a string with amplitude 0.65 m, frequency 725 Hz, and 
wavelength of 5.7 m.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 4133 m/s,  b) 1.379×10–3 s,  c) y(x, t) = 0.65 sin (1450  t – 1.1023 x).

55.  The wave function of a wave is given by y(x, t) = 1.55 sin (650  t –  x / 1.25) where y is the 
displacement in meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 2 m from O and a point 3 m from O.

Answer: a) 2.5 m,  b) 325 Hz,  c) 812.5 m/s,  d) 0.8  rad.

56.  A sinusoidal wave is propagated on a string with amplitude 1.075 m, wavelength 30 cm, and speed of 
118.5 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 395 Hz,  b) 2.532×10–3 s,  c) y(x, t) = 1.075 sin (790  t – 20.944 x).
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57.  The wave function of a wave traveling on a string is given by y(x, t) = 2.35 sin (1370  t –  x / 2.5) 
where y is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.

Answer: a) 3425 m/s,  b) 5 m,  c) 685 Hz,  d) 1.460×10–3 s,  e) 10110 m/s.

58.  A sinusoidal wave is propagated on a string with amplitude 0.575 m, frequency 505 Hz, and speed of 
2222 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 4.4 m,  b) 1.980×10–3 s,  c) y(x, t) = 0.575 sin (1010  t – 1.428 x).

59.  A sinusoidal wave is propagated on a string with amplitude 1.225 m, frequency 695 Hz, and 
wavelength of 1.6 m.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 1112 m/s,  b) 1.439×10–3 s,  c) y(x, t) = 1.225 sin (1390  t – 1.25  x).

60.  The wave function of a wave is given by y(x, t) = 0.225 sin (1780  t – 0.75701 x) where y is the 
displacement in meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 1.66 m from O and a point 9.96 m from O.

Answer: a) 8.3 m,  b) 890 Hz,  c) 7387 m/s,  d) 2  rad.
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61.  A sinusoidal wave is propagated on a string with amplitude 1.725 m, wavelength 60 cm, and speed of 
51 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 85 Hz,  b) 0.01176 s,  c) y(x, t) = 1.725 sin (170  t – 10.472 x).

62.  The wave function of a wave traveling on a string is given by y(x, t) = 0.65 sin (1450  t – 1.1023 x) 
where y is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.

Answer: a) 4133 m/s,  b) 5.7 m,  c) 725 Hz,  d) 1.379×10–3 s,  e) 2961 m/s.

63.  A sinusoidal wave is propagated on a string with amplitude 1.55 m, frequency 325 Hz, and speed of 
812.5 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 2.5 m,  b) 3.077×10–3 s,  c) y(x, t) = 1.55 sin (650  t –  x / 1.25).

64.  A sinusoidal wave is propagated on a string with amplitude 1.075 m, frequency 395 Hz, and 
wavelength of 30 cm.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 118.5 m/s,  b) 2.532×10–3 s,  c) y(x, t) = 1.075 sin (790  t – 20.944 x).

65.  The wave function of a wave is given by y(x, t) = 2.35 sin (1370  t –  x / 2.5) where y is the 
displacement in meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 2 m from O and a point 5 m from O.
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Answer: a) 5 m,  b) 685 Hz,  c) 3425 m/s,  d) 1.2  rad.

66.  A sinusoidal wave is propagated on a string with amplitude 0.575 m, wavelength 4.4 m, and speed of 
2222 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 505 Hz,  b) 1.980×10–3 s,  c) y(x, t) = 0.575 sin (1010  t – 1.428 x).

67.  The wave function of a wave traveling on a string is given by y(x, t) = 1 sin (1660  t –  x / 1.25) 
where y is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.

Answer: a) 2075 m/s,  b) 2.5 m,  c) 830 Hz,  d) 1.205×10–3 s,  e) 5215 m/s.

68.  A sinusoidal wave is propagated on a string with amplitude 0.05 m, frequency 665 Hz, and speed of 
4722 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 7.1 m,  b) 1.504×10–3 s,  c) y(x, t) = 0.05 sin (1330  t – 0.88496 x).

69.  A sinusoidal wave is propagated on a string with amplitude 0.525 m, frequency 525 Hz, and 
wavelength of 40 cm.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 210 m/s,  b) 1.905×10–3 s,  c) y(x, t) = 0.525 sin (1050  t – 5  x).
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70.  The wave function of a wave is given by y(x, t) = 1.275 sin (50  t – 5  x) where y is the 
displacement in meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 0.04 m from O and a point 0.36 m from O.

Answer: a) 0.4 m,  b) 25 Hz,  c) 10 m/s,  d) 1.6  rad.

71.  A sinusoidal wave is propagated on a string with amplitude 0.85 m, wavelength 5.5 m, and speed of 
550 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 100 Hz,  b) 0.01 s,  c) y(x, t) = 0.85 sin (200  t – 1.1424 x).

72.  The wave function of a wave traveling on a string is given by y(x, t) = 1.025 sin (540  t – 4  x) 
where y is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.

Answer: a) 135 m/s,  b) 0.5 m,  c) 270 Hz,  d) 3.704×10–3 s,  e) 1739 m/s.

73.  A sinusoidal wave is propagated on a string with amplitude 1.25 m, frequency 740 Hz, and speed of 
2812 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 3.8 m,  b) 1.351×10–3 s,  c) y(x, t) = 1.25 sin (1480  t – 1.6535 x).
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74.  A sinusoidal wave is propagated on a string with amplitude 1.625 m, frequency 255 Hz, and 
wavelength of 4.4 m.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 1122 m/s,  b) 3.922×10–3 s,  c) y(x, t) = 1.625 sin (510  t – 1.428 x).

75.  The wave function of a wave is given by y(x, t) = 0.15 sin (1750  t – 4  x) where y is the 
displacement in meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 0.15 m from O and a point 0.5 m from O.

Answer: a) 0.5 m,  b) 875 Hz,  c) 437.5 m/s,  d) 1.4  rad.

76.  A sinusoidal wave is propagated on a string with amplitude 1.375 m, wavelength 50 cm, and speed of 
415 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 830 Hz,  b) 1.205×10–3 s,  c) y(x, t) = 1.375 sin (1660  t – 4  x).

77.  The wave function of a wave traveling on a string is given by y(x, t) = 2.2 sin (350  t –  x) where y 
is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.

Answer: a) 350 m/s,  b) 2 m,  c) 175 Hz,  d) 5.714×10–3 s,  e) 2419 m/s.
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78.  A sinusoidal wave is propagated on a string with amplitude 1.025 m, frequency 270 Hz, and speed of 
135 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 0.5 m,  b) 3.704×10–3 s,  c) y(x, t) = 1.025 sin (540  t – 4  x).

79.  A sinusoidal wave is propagated on a string with amplitude 1.25 m, frequency 740 Hz, and 
wavelength of 3.8 m.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 2812 m/s,  b) 1.351×10–3 s,  c) y(x, t) = 1.25 sin (1480  t – 1.6535 x).

80.  The wave function of a wave is given by y(x, t) = 1.625 sin (510  t – 1.428 x) where y is the 
displacement in meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 2.64 m from O and a point 4.4 m from O.

Answer: a) 4.4 m,  b) 255 Hz,  c) 1122 m/s,  d) 0.8  rad.

81.  A sinusoidal wave is propagated on a string with amplitude 0.15 m, wavelength 50 cm, and speed of 
437.5 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 875 Hz,  b) 1.143×10–3 s,  c) y(x, t) = 0.15 sin (1750  t – 4  x).

82.  The wave function of a wave traveling on a string is given by y(x, t) = 1.375 sin (1660  t – 4  x) 
where y is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.
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Answer: a) 415 m/s,  b) 0.5 m,  c) 830 Hz,  d) 1.205×10–3 s,  e) 7171 m/s.

83.  A sinusoidal wave is propagated on a string with amplitude 2.2 m, frequency 175 Hz, and speed of 
350 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 2 m,  b) 5.714×10–3 s,  c) y(x, t) = 2.2 sin (350  t –  x).

84.  A sinusoidal wave is propagated on a string with amplitude 1.025 m, frequency 270 Hz, and 
wavelength of 50 cm.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 135 m/s,  b) 3.704×10–3 s,  c) y(x, t) = 1.025 sin (540  t – 4  x).

85.  The wave function of a wave is given by y(x, t) = 1.25 sin (1480  t – 1.6535 x) where y is the 
displacement in meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 1.14 m from O and a point 1.9 m from O.

Answer: a) 3.8 m,  b) 740 Hz,  c) 2812 m/s,  d) 0.4  rad.

86.  A sinusoidal wave is propagated on a string with amplitude 1.625 m, wavelength 4.4 m, and speed of 
1122 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 255 Hz,  b) 3.922×10–3 s,  c) y(x, t) = 1.625 sin (510  t – 1.428 x).
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87.  The wave function of a wave traveling on a string is given by y(x, t) = 0.15 sin (1750  t – 4  x) 
where y is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.

Answer: a) 437.5 m/s,  b) 0.5 m,  c) 875 Hz,  d) 1.143×10–3 s,  e) 824.7 m/s.

88.  A sinusoidal wave is propagated on a string with amplitude 1.375 m, frequency 830 Hz, and speed of 
415 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 0.5 m,  b) 1.205×10–3 s,  c) y(x, t) = 1.375 sin (1660  t – 4  x).

89.  A sinusoidal wave is propagated on a string with amplitude 2.2 m, frequency 175 Hz, and wavelength 
of 2 m.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 350 m/s,  b) 5.714×10–3 s,  c) y(x, t) = 2.2 sin (350  t –  x).

90.  The wave function of a wave is given by y(x, t) = 1.025 sin (540  t – 4  x) where y is the 
displacement in meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 0.1 m from O and a point 0.45 m from O.

Answer: a) 0.5 m,  b) 270 Hz,  c) 135 m/s,  d) 1.4  rad.
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91.  A sinusoidal wave is propagated on a string with amplitude 1.25 m, wavelength 3.8 m, and speed of 
2812 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 740 Hz,  b) 1.351×10–3 s,  c) y(x, t) = 1.25 sin (1480  t – 1.6535 x).

92.  The wave function of a wave traveling on a string is given by y(x, t) = 1.625 sin (510  t – 1.428 x) 
where y is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.

Answer: a) 1122 m/s,  b) 4.4 m,  c) 255 Hz,  d) 3.922×10–3 s,  e) 2604 m/s.

93.  A sinusoidal wave is propagated on a string with amplitude 0.15 m, frequency 875 Hz, and speed of 
437.5 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 0.5 m,  b) 1.143×10–3 s,  c) y(x, t) = 0.15 sin (1750  t – 4  x).

94.  A sinusoidal wave is propagated on a string with amplitude 1.375 m, frequency 830 Hz, and 
wavelength of 50 cm.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 415 m/s,  b) 1.205×10–3 s,  c) y(x, t) = 1.375 sin (1660  t – 4  x).

95.  The wave function of a wave is given by y(x, t) = 2.2 sin (350  t –  x) where y is the displacement in 
meters, t is time in seconds and x is the distance from the origin O in meters. Calculate:
a) The wavelength in meters.
b) The frequency of the wave in hertz.
c) The wave speed in m/s.
d) The phase difference in radians between a point 1.6 m from O and a point 3.4 m from O.

22



99 problems: waves  

Answer: a) 2 m,  b) 175 Hz,  c) 350 m/s,  d) 5.655 rad.

96.  A sinusoidal wave is propagated on a string with amplitude 1.025 m, wavelength 50 cm, and speed of 
135 m/s.
a) Find the frequency of the wave in hertz.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 270 Hz,  b) 3.704×10–3 s,  c) y(x, t) = 1.025 sin (540  t – 4  x).

97.  The wave function of a wave traveling on a string is given by y(x, t) = 1.25 sin (1480  t – 1.6535 x) 
where y is the displacement in meters, t is time in seconds and x is the distance from the origin O in meters.
a) Calculate the wave speed in m/s.
b) Find the wavelength of the wave in meters.
c) Calculate its frequency in hertz.
d) Find its period in seconds.
e) Calculate the maximum speed of any string segment in m/s.

Answer: a) 2812 m/s,  b) 3.8 m,  c) 740 Hz,  d) 1.351×10–3 s,  e) 5812 m/s.

98.  A sinusoidal wave is propagated on a string with amplitude 1.625 m, frequency 255 Hz, and speed of 
1122 m/s.
a) Find the wavelength in meters.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 4.4 m,  b) 3.922×10–3 s,  c) y(x, t) = 1.625 sin (510  t – 1.428 x).

99.  A sinusoidal wave is propagated on a string with amplitude 0.15 m, frequency 875 Hz, and 
wavelength of 50 cm.
a) Find the wave speed in m/s.
b) Calculate the period of the wave in seconds.
c) Write an expression for the displacement of the string as a function of the time and position on the string.
Answer: a) 437.5 m/s,  b) 1.143×10–3 s,  c) y(x, t) = 0.15 sin (1750  t – 4  x).
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1.  Determine the critical angle for total internal reflection for light travelling initially in a liquid of index 
of refraction 3.23 that is incident on a liquid–gas interface if index of refraction of gas is 1.01.
Answer: 18.22°.

2.  A triangular glass prism with apex angle  =  40° has an index of refraction n = 1.56. A light ray passes 
through the prism with an angle of incidence of 18°. Find:
a) Angle of refraction at the first surface.
b) Angle of incidence at the second surface.
c) Angle of deviation.

Answer: a) 11.43°,   b) 28.57°,   c) 26.26°.

3.  A light beam passes from a medium whose index of refraction is 2.08 to a second medium. The angle of 
incidence is 21° and the angle of refracción is 38°. Calculate: a) The index of refraction of the second 
medium. b) The speed of light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 1.21,   b) 2.48×108 m/s.

4.  A light beam passes from air (n = 1.0003) to a thick slab of material whose thickness is 29 cm and its 
index of refraction is 1.71. The incident angle is 24°. The emerging beam is parallel to the incident beam, 
the slab does not alter the direction of the beam. It does, however, offset the beam parallel to itself by a 
distance d. Determine: a) The first refracted angle. b) The offset distance d.

Answer: a) 13.76°,   b) 5.31 cm.

5.  A light ray passes from a medium whose index of refraction is 2.33 to a second medium with an index 
of refraction of 1.8. If the angle of refraction must be 31°, find: a) The angle of incidence. b) The speed of 
light in the first medium.
    Data: c = 3×108 m/s.
Answer: a) 23.45°,   b) 1.29×108 m/s.

6.  A light ray traveling in air (n = 1) is incident on a glass whose index of refraction is 2.81. If the angle 
of incidence is 46°, calculate: a) Angle of refraction.b) Speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 14.83°,   b) 1.07×108 m/s.

7.  The critical angle for total reflection for a light beam travelling from medium 1 to medium 2 is 34.15°. 
If index of refraction of medium 1 is 2.28, determine the index of refraction of medium 2.
Answer: 1.28.
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8.  A light ray passes from air (n = 1) to a glass whose index of refraction is 1.54. If the angle of refraction 
is 29°, find: a) The angle of incidence needed. b) The speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 48.3°,   b) 1.95×108 m/s.

9.  A light beam passes from glass to air. The critical angle for total reflection is 21.41°. If index of 
refraction of air is n = 1, calculate the index of refraction of glass.
Answer: 2.74.

10.  A light ray passes from a medium whose index of refraction is 3.19 to a second medium with an index 
of refraction of 2.06. If the angle of incidence is 14°, calculate: a) The angle of refraction. b) The speed of 
light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 22°,   b) 1.46×108 m/s.

11.  Determine the critical angle for total internal reflection for light travelling initially in a liquid of index 
of refraction 2.68 that is incident on a liquid–gas interface if index of refraction of gas is 1.01.
Answer: 22.14°.

12.  A triangular glass prism with apex angle  =  48° has an index of refraction n = 1.37. A light ray 
passes through the prism with an angle of incidence of 14°. Find:
a) Angle of refraction at the first surface.
b) Angle of incidence at the second surface.
c) Angle of deviation.

Answer: a) 10.17°,   b) 37.83°,   c) 23.16°.

13.  A light beam passes from a medium whose index of refraction is 2.72 to a second medium. The angle 
of incidence is 28° and the angle of refracción is 44°. Calculate: a) The index of refraction of the second 
medium. b) The speed of light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 1.84,   b) 1.63×108 m/s.

14.  A light beam passes from air (n = 1.0003) to a thick slab of material whose thickness is 42 cm and its 
index of refraction is 3.16. The incident angle is 15°. The emerging beam is parallel to the incident beam, 
the slab does not alter the direction of the beam. It does, however, offset the beam parallel to itself by a 
distance d. Determine: a) The first refracted angle. b) The offset distance d.

Answer: a) 4.699°,   b) 7.54 cm.
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15.  A light ray passes from a medium whose index of refraction is 1.35 to a second medium with an index 
of refraction of 3.2. If the angle of refraction must be 21°, find: a) The angle of incidence. b) The speed of 
light in the first medium.
    Data: c = 3×108 m/s.
Answer: a) 58.15°,   b) 2.22×108 m/s.

16.  A light ray traveling in air (n = 1) is incident on a glass whose index of refraction is 1.91. If the angle 
of incidence is 48°, calculate: a) Angle of refraction.b) Speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 22.9°,   b) 1.57×108 m/s.

17.  The critical angle for total reflection for a light beam travelling from medium 1 to medium 2 is 41.39°. 
If index of refraction of medium 1 is 2.42, determine the index of refraction of medium 2.
Answer: 1.6.

18.  A light ray passes from air (n = 1) to a glass whose index of refraction is 1.92. If the angle of 
refraction is 20°, find: a) The angle of incidence needed. b) The speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 41.05°,   b) 1.56×108 m/s.

19.  A light beam passes from glass to air. The critical angle for total reflection is 30.85°. If index of 
refraction of air is n = 1, calculate the index of refraction of glass.
Answer: 1.95.

20.  A light ray passes from a medium whose index of refraction is 3.42 to a second medium with an index 
of refraction of 2.86. If the angle of incidence is 28°, calculate: a) The angle of refraction. b) The speed of 
light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 34.15°,   b) 1.05×108 m/s.

21.  Determine the critical angle for total internal reflection for light travelling initially in a liquid of index 
of refraction 3.37 that is incident on a liquid–gas interface if index of refraction of gas is 1.06.
Answer: 18.33°.

22.  A triangular glass prism with apex angle  =  44° has an index of refraction n = 1.55. A light ray 
passes through the prism with an angle of incidence of 32°. Find:
a) Angle of refraction at the first surface.
b) Angle of incidence at the second surface.
c) Angle of deviation.

Answer: a) 19.99°,   b) 24.01°,   c) 27.1°.
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23.  A light beam passes from a medium whose index of refraction is 1.35 to a second medium. The angle 
of incidence is 49° and the angle of refracción is 40°. Calculate: a) The index of refraction of the second 
medium. b) The speed of light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 1.59,   b) 1.89×108 m/s.

24.  A light beam passes from air (n = 1.0003) to a thick slab of material whose thickness is 15 cm and its 
index of refraction is 2.97. The incident angle is 24°. The emerging beam is parallel to the incident beam, 
the slab does not alter the direction of the beam. It does, however, offset the beam parallel to itself by a 
distance d. Determine: a) The first refracted angle. b) The offset distance d.

Answer: a) 7.874°,   b) 4.21 cm.

25.  A light ray passes from a medium whose index of refraction is 2.47 to a second medium with an index 
of refraction of 1.62. If the angle of refraction must be 20°, find: a) The angle of incidence. b) The speed 
of light in the first medium.
    Data: c = 3×108 m/s.
Answer: a) 12.96°,   b) 1.21×108 m/s.

26.  A light ray traveling in air (n = 1) is incident on a glass whose index of refraction is 1.88. If the angle 
of incidence is 22°, calculate: a) Angle of refraction.b) Speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 11.49°,   b) 1.60×108 m/s.

27.  The critical angle for total reflection for a light beam travelling from medium 1 to medium 2 is 42.43°. 
If index of refraction of medium 1 is 2.09, determine the index of refraction of medium 2.
Answer: 1.41.

28.  A light ray passes from air (n = 1) to a glass whose index of refraction is 1.34. If the angle of 
refraction is 26°, find: a) The angle of incidence needed. b) The speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 35.97°,   b) 2.24×108 m/s.

29.  A light beam passes from glass to air. The critical angle for total reflection is 19.61°. If index of 
refraction of air is n = 1, calculate the index of refraction of glass.
Answer: 2.98.

30.  A light ray passes from a medium whose index of refraction is 2.87 to a second medium with an index 
of refraction of 1.24. If the angle of incidence is 11°, calculate: a) The angle of refraction. b) The speed of 
light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 26.21°,   b) 2.42×108 m/s.
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31.  Determine the critical angle for total internal reflection for light travelling initially in a liquid of index 
of refraction 2.71 that is incident on a liquid–gas interface if index of refraction of gas is 1.01.
Answer: 21.88°.

32.  A triangular glass prism with apex angle  =  52° has an index of refraction n = 1.57. A light ray 
passes through the prism with an angle of incidence of 29°. Find:
a) Angle of refraction at the first surface.
b) Angle of incidence at the second surface.
c) Angle of deviation.

Answer: a) 17.99°,   b) 34.01°,   c) 38.43°.

33.  A light beam passes from a medium whose index of refraction is 1.97 to a second medium. The angle 
of incidence is 46° and the angle of refracción is 30°. Calculate: a) The index of refraction of the second 
medium. b) The speed of light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 2.83,   b) 1.06×108 m/s.

34.  A light beam passes from air (n = 1.0003) to a thick slab of material whose thickness is 34 cm and its 
index of refraction is 2.89. The incident angle is 32°. The emerging beam is parallel to the incident beam, 
the slab does not alter the direction of the beam. It does, however, offset the beam parallel to itself by a 
distance d. Determine: a) The first refracted angle. b) The offset distance d.

Answer: a) 10.57°,   b) 12.6 cm.

35.  A light ray passes from a medium whose index of refraction is 2.48 to a second medium with an index 
of refraction of 1.3. If the angle of refraction must be 27°, find: a) The angle of incidence. b) The speed of 
light in the first medium.
    Data: c = 3×108 m/s.
Answer: a) 13.77°,   b) 1.21×108 m/s.

36.  A light ray traveling in air (n = 1) is incident on a glass whose index of refraction is 2.64. If the angle 
of incidence is 15°, calculate: a) Angle of refraction.b) Speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 5.626°,   b) 1.14×108 m/s.

37.  The critical angle for total reflection for a light beam travelling from medium 1 to medium 2 is 52.61°. 
If index of refraction of medium 1 is 2.19, determine the index of refraction of medium 2.
Answer: 1.74.
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38.  A light ray passes from air (n = 1) to a glass whose index of refraction is 1.99. If the angle of 
refraction is 29°, find: a) The angle of incidence needed. b) The speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 74.75°,   b) 1.51×108 m/s.

39.  A light beam passes from glass to air. The critical angle for total reflection is 19.54°. If index of 
refraction of air is n = 1, calculate the index of refraction of glass.
Answer: 2.99.

40.  A light ray passes from a medium whose index of refraction is 2.24 to a second medium with an index 
of refraction of 1.91. If the angle of incidence is 46°, calculate: a) The angle of refraction. b) The speed of 
light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 57.52°,   b) 1.57×108 m/s.

41.  Determine the critical angle for total internal reflection for light travelling initially in a liquid of index 
of refraction 3.39 that is incident on a liquid–gas interface if index of refraction of gas is 1.04.
Answer: 17.87°.

42.  A triangular glass prism with apex angle  =  40° has an index of refraction n = 1.61. A light ray 
passes through the prism with an angle of incidence of 29°. Find:
a) Angle of refraction at the first surface.
b) Angle of incidence at the second surface.
c) Angle of deviation.

Answer: a) 17.53°,   b) 22.47°,   c) 26.99°.

43.  A light beam passes from a medium whose index of refraction is 2.76 to a second medium. The angle 
of incidence is 15° and the angle of refracción is 30°. Calculate: a) The index of refraction of the second 
medium. b) The speed of light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 1.43,   b) 2.10×108 m/s.

44.  A light beam passes from air (n = 1.0003) to a thick slab of material whose thickness is 23 cm and its 
index of refraction is 2.19. The incident angle is 42°. The emerging beam is parallel to the incident beam, 
the slab does not alter the direction of the beam. It does, however, offset the beam parallel to itself by a 
distance d. Determine: a) The first refracted angle. b) The offset distance d.

Answer: a) 17.8°,   b) 9.9 cm.
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45.  A light ray passes from a medium whose index of refraction is 1.32 to a second medium with an index 
of refraction of 1.94. If the angle of refraction must be 32°, find: a) The angle of incidence. b) The speed 
of light in the first medium.
    Data: c = 3×108 m/s.
Answer: a) 51.15°,   b) 2.27×108 m/s.

46.  A light ray traveling in air (n = 1) is incident on a glass whose index of refraction is 2. If the angle of 
incidence is 32°, calculate: a) Angle of refraction.b) Speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 15.36°,   b) 1.50×108 m/s.

47.  The critical angle for total reflection for a light beam travelling from medium 1 to medium 2 is 49.09°. 
If index of refraction of medium 1 is 3.03, determine the index of refraction of medium 2.
Answer: 2.29.

48.  A light ray passes from air (n = 1) to a glass whose index of refraction is 2.06. If the angle of 
refraction is 23°, find: a) The angle of incidence needed. b) The speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 53.6°,   b) 1.46×108 m/s.

49.  A light beam passes from glass to air. The critical angle for total reflection is 32.92°. If index of 
refraction of air is n = 1, calculate the index of refraction of glass.
Answer: 1.84.

50.  A light ray passes from a medium whose index of refraction is 2.03 to a second medium with an index 
of refraction of 1.71. If the angle of incidence is 15°, calculate: a) The angle of refraction. b) The speed of 
light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 17.89°,   b) 1.75×108 m/s.

51.  Determine the critical angle for total internal reflection for light travelling initially in a liquid of index 
of refraction 1.87 that is incident on a liquid–gas interface if index of refraction of gas is 1.03.
Answer: 33.42°.

52.  A triangular glass prism with apex angle  =  52° has an index of refraction n = 1.49. A light ray 
passes through the prism with an angle of incidence of 23°. Find:
a) Angle of refraction at the first surface.
b) Angle of incidence at the second surface.
c) Angle of deviation.

Answer: a) 15.2°,   b) 36.8°,   c) 34.19°.
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53.  A light beam passes from a medium whose index of refraction is 2.31 to a second medium. The angle 
of incidence is 17° and the angle of refracción is 31°. Calculate: a) The index of refraction of the second 
medium. b) The speed of light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 1.31,   b) 2.29×108 m/s.

54.  A light beam passes from air (n = 1.0003) to a thick slab of material whose thickness is 20 cm and its 
index of refraction is 2.5. The incident angle is 11°. The emerging beam is parallel to the incident beam, 
the slab does not alter the direction of the beam. It does, however, offset the beam parallel to itself by a 
distance d. Determine: a) The first refracted angle. b) The offset distance d.

Answer: a) 4.379°,   b) 2.31 cm.

55.  A light ray passes from a medium whose index of refraction is 2.31 to a second medium with an index 
of refraction of 1.73. If the angle of refraction must be 16°, find: a) The angle of incidence. b) The speed 
of light in the first medium.
    Data: c = 3×108 m/s.
Answer: a) 11.91°,   b) 1.30×108 m/s.

56.  A light ray traveling in air (n = 1) is incident on a glass whose index of refraction is 1.82. If the angle 
of incidence is 33°, calculate: a) Angle of refraction.b) Speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 17.41°,   b) 1.65×108 m/s.

57.  The critical angle for total reflection for a light beam travelling from medium 1 to medium 2 is 38.54°. 
If index of refraction of medium 1 is 3.13, determine the index of refraction of medium 2.
Answer: 1.95.

58.  A light ray passes from air (n = 1) to a glass whose index of refraction is 1.33. If the angle of 
refraction is 14°, find: a) The angle of incidence needed. b) The speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 18.77°,   b) 2.26×108 m/s.

59.  A light beam passes from glass to air. The critical angle for total reflection is 22.81°. If index of 
refraction of air is n = 1, calculate the index of refraction of glass.
Answer: 2.58.

60.  A light ray passes from a medium whose index of refraction is 2.12 to a second medium with an index 
of refraction of 1.3. If the angle of incidence is 35°, calculate: a) The angle of refraction. b) The speed of 
light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 69.29°,   b) 2.31×108 m/s.
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61.  Determine the critical angle for total internal reflection for light travelling initially in a liquid of index 
of refraction 3.26 that is incident on a liquid–gas interface if index of refraction of gas is 1.08.
Answer: 19.35°.

62.  A triangular glass prism with apex angle  =  44° has an index of refraction n = 1.62. A light ray 
passes through the prism with an angle of incidence of 24°. Find:
a) Angle of refraction at the first surface.
b) Angle of incidence at the second surface.
c) Angle of deviation.

Answer: a) 14.54°,   b) 29.46°,   c) 32.82°.

63.  A light beam passes from a medium whose index of refraction is 1.79 to a second medium. The angle 
of incidence is 35° and the angle of refracción is 26°. Calculate: a) The index of refraction of the second 
medium. b) The speed of light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 2.34,   b) 1.28×108 m/s.

64.  A light beam passes from air (n = 1.0003) to a thick slab of material whose thickness is 26 cm and its 
index of refraction is 1.42. The incident angle is 14°. The emerging beam is parallel to the incident beam, 
the slab does not alter the direction of the beam. It does, however, offset the beam parallel to itself by a 
distance d. Determine: a) The first refracted angle. b) The offset distance d.

Answer: a) 9.812°,   b) 1.93 cm.

65.  A light ray passes from a medium whose index of refraction is 3.32 to a second medium with an index 
of refraction of 2.9. If the angle of refraction must be 24°, find: a) The angle of incidence. b) The speed of 
light in the first medium.
    Data: c = 3×108 m/s.
Answer: a) 20.81°,   b) 9.04×107 m/s.

66.  A light ray traveling in air (n = 1) is incident on a glass whose index of refraction is 2.88. If the angle 
of incidence is 39°, calculate: a) Angle of refraction.b) Speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 12.62°,   b) 1.04×108 m/s.

67.  The critical angle for total reflection for a light beam travelling from medium 1 to medium 2 is 32.78°. 
If index of refraction of medium 1 is 2.9, determine the index of refraction of medium 2.
Answer: 1.57.
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68.  A light ray passes from air (n = 1) to a glass whose index of refraction is 1.72. If the angle of 
refraction is 27°, find: a) The angle of incidence needed. b) The speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 51.34°,   b) 1.74×108 m/s.

69.  A light beam passes from glass to air. The critical angle for total reflection is 26.26°. If index of 
refraction of air is n = 1, calculate the index of refraction of glass.
Answer: 2.26.

70.  A light ray passes from a medium whose index of refraction is 2.74 to a second medium with an index 
of refraction of 3.22. If the angle of incidence is 46°, calculate: a) The angle of refraction. b) The speed of 
light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 37.74°,   b) 9.32×107 m/s.

71.  Determine the critical angle for total internal reflection for light travelling initially in a liquid of index 
of refraction 3.24 that is incident on a liquid–gas interface if index of refraction of gas is 1.02.
Answer: 18.35°.

72.  A triangular glass prism with apex angle  =  47° has an index of refraction n = 1.75. A light ray 
passes through the prism with an angle of incidence of 26°. Find:
a) Angle of refraction at the first surface.
b) Angle of incidence at the second surface.
c) Angle of deviation.

Answer: a) 14.51°,   b) 32.49°,   c) 49.07°.

73.  A light beam passes from a medium whose index of refraction is 2.93 to a second medium. The angle 
of incidence is 15° and the angle of refracción is 41°. Calculate: a) The index of refraction of the second 
medium. b) The speed of light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 1.16,   b) 2.60×108 m/s.

74.  A light beam passes from air (n = 1.0003) to a thick slab of material whose thickness is 33 cm and its 
index of refraction is 2.45. The incident angle is 17°. The emerging beam is parallel to the incident beam, 
the slab does not alter the direction of the beam. It does, however, offset the beam parallel to itself by a 
distance d. Determine: a) The first refracted angle. b) The offset distance d.

Answer: a) 6.856°,   b) 5.85 cm.
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75.  A light ray passes from a medium whose index of refraction is 2.31 to a second medium with an index 
of refraction of 2.95. If the angle of refraction must be 12°, find: a) The angle of incidence. b) The speed 
of light in the first medium.
    Data: c = 3×108 m/s.
Answer: a) 15.4°,   b) 1.30×108 m/s.

76.  A light ray traveling in air (n = 1) is incident on a glass whose index of refraction is 1.34. If the angle 
of incidence is 40°, calculate: a) Angle of refraction.b) Speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 28.67°,   b) 2.24×108 m/s.

77.  The critical angle for total reflection for a light beam travelling from medium 1 to medium 2 is 38.14°. 
If index of refraction of medium 1 is 2.04, determine the index of refraction of medium 2.
Answer: 1.26.

78.  A light ray passes from air (n = 1) to a glass whose index of refraction is 1.58. If the angle of 
refraction is 18°, find: a) The angle of incidence needed. b) The speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 29.23°,   b) 1.90×108 m/s.

79.  A light beam passes from glass to air. The critical angle for total reflection is 19.75°. If index of 
refraction of air is n = 1, calculate the index of refraction of glass.
Answer: 2.96.

80.  A light ray passes from a medium whose index of refraction is 1.74 to a second medium with an index 
of refraction of 3.14. If the angle of incidence is 45°, calculate: a) The angle of refraction. b) The speed of 
light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 23.07°,   b) 9.55×107 m/s.

81.  Determine the critical angle for total internal reflection for light travelling initially in a liquid of index 
of refraction 1.78 that is incident on a liquid–gas interface if index of refraction of gas is 1.08.
Answer: 37.35°.

82.  A triangular glass prism with apex angle  =  34° has an index of refraction n = 1.89. A light ray 
passes through the prism with an angle of incidence of 10°. Find:
a) Angle of refraction at the first surface.
b) Angle of incidence at the second surface.
c) Angle of deviation.

Answer: a) 5.272°,   b) 28.73°,   c) 41.29°.
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83.  A light beam passes from a medium whose index of refraction is 2.14 to a second medium. The angle 
of incidence is 19° and the angle of refracción is 37°. Calculate: a) The index of refraction of the second 
medium. b) The speed of light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 1.16,   b) 2.59×108 m/s.

84.  A light beam passes from air (n = 1.0003) to a thick slab of material whose thickness is 26 cm and its 
index of refraction is 2.48. The incident angle is 16°. The emerging beam is parallel to the incident beam, 
the slab does not alter the direction of the beam. It does, however, offset the beam parallel to itself by a 
distance d. Determine: a) The first refracted angle. b) The offset distance d.

Answer: a) 6.383°,   b) 4.37 cm.

85.  A light ray passes from a medium whose index of refraction is 1.29 to a second medium with an index 
of refraction of 2. If the angle of refraction must be 38°, find: a) The angle of incidence. b) The speed of 
light in the first medium.
    Data: c = 3×108 m/s.
Answer: a) 72.65°,   b) 2.33×108 m/s.

86.  A light ray traveling in air (n = 1) is incident on a glass whose index of refraction is 2.09. If the angle 
of incidence is 46°, calculate: a) Angle of refraction.b) Speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 20.13°,   b) 1.44×108 m/s.

87.  The critical angle for total reflection for a light beam travelling from medium 1 to medium 2 is 51.94°. 
If index of refraction of medium 1 is 2.21, determine the index of refraction of medium 2.
Answer: 1.74.

88.  A light ray passes from air (n = 1) to a glass whose index of refraction is 1.34. If the angle of 
refraction is 43°, find: a) The angle of incidence needed. b) The speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 66.05°,   b) 2.24×108 m/s.

89.  A light beam passes from glass to air. The critical angle for total reflection is 31.57°. If index of 
refraction of air is n = 1, calculate the index of refraction of glass.
Answer: 1.91.

90.  A light ray passes from a medium whose index of refraction is 1.21 to a second medium with an index 
of refraction of 3.34. If the angle of incidence is 26°, calculate: a) The angle of refraction. b) The speed of 
light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 9.138°,   b) 8.98×107 m/s.
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91.  Determine the critical angle for total internal reflection for light travelling initially in a liquid of index 
of refraction 1.56 that is incident on a liquid–gas interface if index of refraction of gas is 1.08.
Answer: 43.81°.

92.  A triangular glass prism with apex angle  =  31° has an index of refraction n = 1.85. A light ray 
passes through the prism with an angle of incidence of 21°. Find:
a) Angle of refraction at the first surface.
b) Angle of incidence at the second surface.
c) Angle of deviation.

Answer: a) 11.17°,   b) 19.83°,   c) 28.87°.

93.  A light beam passes from a medium whose index of refraction is 1.31 to a second medium. The angle 
of incidence is 49° and the angle of refracción is 31°. Calculate: a) The index of refraction of the second 
medium. b) The speed of light in the second medium.
    Data: c = 3×108 m/s.
Answer: a) 1.92,   b) 1.56×108 m/s.

94.  A light beam passes from air (n = 1.0003) to a thick slab of material whose thickness is 40 cm and its 
index of refraction is 2.75. The incident angle is 30°. The emerging beam is parallel to the incident beam, 
the slab does not alter the direction of the beam. It does, however, offset the beam parallel to itself by a 
distance d. Determine: a) The first refracted angle. b) The offset distance d.

Answer: a) 10.48°,   b) 13.6 cm.

95.  A light ray passes from a medium whose index of refraction is 1.39 to a second medium with an index 
of refraction of 2.84. If the angle of refraction must be 19°, find: a) The angle of incidence. b) The speed 
of light in the first medium.
    Data: c = 3×108 m/s.
Answer: a) 41.7°,   b) 2.16×108 m/s.

96.  A light ray traveling in air (n = 1) is incident on a glass whose index of refraction is 1.4. If the angle 
of incidence is 23°, calculate: a) Angle of refraction.b) Speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 16.21°,   b) 2.14×108 m/s.

97.  The critical angle for total reflection for a light beam travelling from medium 1 to medium 2 is 46.55°. 
If index of refraction of medium 1 is 2.08, determine the index of refraction of medium 2.
Answer: 1.51.
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98.  A light ray passes from air (n = 1) to a glass whose index of refraction is 1.44. If the angle of 
refraction is 40°, find: a) The angle of incidence needed. b) The speed of light in the glass.
    Data: c = 3×108 m/s.
Answer: a) 67.76°,   b) 2.08×108 m/s.

99.  A light beam passes from glass to air. The critical angle for total reflection is 39.87°. If index of 
refraction of air is n = 1, calculate the index of refraction of glass.
Answer: 1.56.
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1.  A tire 110 cm in radius rotates at a constant rate of 259 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 53 s.
Answer: a) 27.12 rad/s      29.83 m/s      b) 808.94 m/s2      c) 228.78 revolutions.

2.  We have a tire with 50 cm in radius. It rotates at a constant speed of 61.45 km/h at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 34.14 rad/s = 326 rpm      b) 582.77 m/s2.

3.  At the edge of a tire with 30 cm in radius the centripetal acceleration is 875.88 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 9 s.
Answer: a) 16.21 m/s      b) 54.04 rad/s = 516 rpm      c) 77.4 revolutions.

4.  A tire has a speed of 90.52 km/h at its edge. The number of revolutions in 19 s was 31.03. Calculate: 
a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 10.26 rad/s = 98 rpm      b) 245 cm      c) 257.97 m/s2.

5.  A wheel 545 cm in radius rotates at a constant rate of 86 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 53 s.
Answer: a) 9.01 rad/s      49.08 m/s      b) 441.99 m/s2      c) 75.97 revolutions.

6.  We have a pulley with 390 cm in radius. It rotates at a constant speed of 51.05 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 13.09 rad/s = 125 rpm      b) 668.23 m/s2.

7.  At the edge of a wheel with 260 cm in radius the centripetal acceleration is 785.78 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 43 s.
Answer: a) 45.2 m/s      b) 17.38 rad/s = 166 rpm      c) 118.97 revolutions.

8.  A pulley has a speed of 4.11 m/s at its edge. The number of revolutions in 27 s was 70.65. Calculate: 
a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 16.44 rad/s = 157 rpm      b) 25 cm      c) 67.57 m/s2.

9.  A wheel 95 cm in radius rotates at a constant rate of 308 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 5 s.
Answer: a) 32.25 rad/s      30.64 m/s      b) 988.22 m/s2      c) 25.67 revolutions.
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10.  We have a wheel with 80 cm in radius. It rotates at a constant speed of 27.65 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 34.56 rad/s = 330 rpm      b) 955.65 m/s2.

11.  At the edge of a pulley with 380 cm in radius the centripetal acceleration is 640.64 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 12 s.
Answer: a) 49.34 m/s      b) 12.99 rad/s = 124 rpm      c) 24.8 revolutions.

12.  A pulley has a speed of 10.33 m/s at its edge. The number of revolutions in 22 s was 180.77. 
Calculate: a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 51.63 rad/s = 493 rpm      b) 20 cm      c) 533.54 m/s2.

13.  A tire 110 cm in radius rotates at a constant rate of 259 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 53 s.
Answer: a) 27.12 rad/s      29.83 m/s      b) 808.94 m/s2      c) 228.78 revolutions.

14.  We have a tire with 50 cm in radius. It rotates at a constant speed of 61.45 km/h at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 34.14 rad/s = 326 rpm      b) 582.77 m/s2.

15.  At the edge of a tire with 30 cm in radius the centripetal acceleration is 875.88 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 9 s.
Answer: a) 16.21 m/s      b) 54.04 rad/s = 516 rpm      c) 77.4 revolutions.

16.  A tire has a speed of 90.52 km/h at its edge. The number of revolutions in 19 s was 31.03. Calculate: 
a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 10.26 rad/s = 98 rpm      b) 245 cm      c) 257.97 m/s2.

17.  A wheel 545 cm in radius rotates at a constant rate of 86 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 53 s.
Answer: a) 9.01 rad/s      49.08 m/s      b) 441.99 m/s2      c) 75.97 revolutions.

18.  We have a pulley with 390 cm in radius. It rotates at a constant speed of 51.05 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 13.09 rad/s = 125 rpm      b) 668.23 m/s2.
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19.  At the edge of a wheel with 260 cm in radius the centripetal acceleration is 785.78 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 43 s.
Answer: a) 45.2 m/s      b) 17.38 rad/s = 166 rpm      c) 118.97 revolutions.

20.  A pulley has a speed of 4.11 m/s at its edge. The number of revolutions in 27 s was 70.65. Calculate: 
a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 16.44 rad/s = 157 rpm      b) 25 cm      c) 67.57 m/s2.

21.  A wheel 95 cm in radius rotates at a constant rate of 308 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 5 s.
Answer: a) 32.25 rad/s      30.64 m/s      b) 988.22 m/s2      c) 25.67 revolutions.

22.  We have a wheel with 80 cm in radius. It rotates at a constant speed of 27.65 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 34.56 rad/s = 330 rpm      b) 955.65 m/s2.

23.  At the edge of a pulley with 380 cm in radius the centripetal acceleration is 640.64 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 12 s.
Answer: a) 49.34 m/s      b) 12.99 rad/s = 124 rpm      c) 24.8 revolutions.

24.  A pulley has a speed of 10.33 m/s at its edge. The number of revolutions in 22 s was 180.77. 
Calculate: a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 51.63 rad/s = 493 rpm      b) 20 cm      c) 533.54 m/s2.

25.  A tire 110 cm in radius rotates at a constant rate of 259 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 53 s.
Answer: a) 27.12 rad/s      29.83 m/s      b) 808.94 m/s2      c) 228.78 revolutions.

26.  We have a tire with 50 cm in radius. It rotates at a constant speed of 61.45 km/h at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 34.14 rad/s = 326 rpm      b) 582.77 m/s2.

27.  At the edge of a tire with 30 cm in radius the centripetal acceleration is 875.88 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 9 s.
Answer: a) 16.21 m/s      b) 54.04 rad/s = 516 rpm      c) 77.4 revolutions.
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28.  A tire has a speed of 90.52 km/h at its edge. The number of revolutions in 19 s was 31.03. Calculate: 
a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 10.26 rad/s = 98 rpm      b) 245 cm      c) 257.97 m/s2.

29.  A wheel 545 cm in radius rotates at a constant rate of 86 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 53 s.
Answer: a) 9.01 rad/s      49.08 m/s      b) 441.99 m/s2      c) 75.97 revolutions.

30.  We have a pulley with 390 cm in radius. It rotates at a constant speed of 51.05 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 13.09 rad/s = 125 rpm      b) 668.23 m/s2.

31.  At the edge of a wheel with 260 cm in radius the centripetal acceleration is 785.78 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 43 s.
Answer: a) 45.2 m/s      b) 17.38 rad/s = 166 rpm      c) 118.97 revolutions.

32.  A pulley has a speed of 4.11 m/s at its edge. The number of revolutions in 27 s was 70.65. Calculate: 
a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 16.44 rad/s = 157 rpm      b) 25 cm      c) 67.57 m/s2.

33.  A wheel 95 cm in radius rotates at a constant rate of 308 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 5 s.
Answer: a) 32.25 rad/s      30.64 m/s      b) 988.22 m/s2      c) 25.67 revolutions.

34.  We have a wheel with 80 cm in radius. It rotates at a constant speed of 27.65 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 34.56 rad/s = 330 rpm      b) 955.65 m/s2.

35.  At the edge of a pulley with 380 cm in radius the centripetal acceleration is 640.64 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 12 s.
Answer: a) 49.34 m/s      b) 12.99 rad/s = 124 rpm      c) 24.8 revolutions.

36.  A pulley has a speed of 10.33 m/s at its edge. The number of revolutions in 22 s was 180.77. 
Calculate: a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 51.63 rad/s = 493 rpm      b) 20 cm      c) 533.54 m/s2.
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37.  A tire 110 cm in radius rotates at a constant rate of 259 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 53 s.
Answer: a) 27.12 rad/s      29.83 m/s      b) 808.94 m/s2      c) 228.78 revolutions.

38.  We have a tire with 50 cm in radius. It rotates at a constant speed of 61.45 km/h at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 34.14 rad/s = 326 rpm      b) 582.77 m/s2.

39.  At the edge of a tire with 30 cm in radius the centripetal acceleration is 875.88 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 9 s.
Answer: a) 16.21 m/s      b) 54.04 rad/s = 516 rpm      c) 77.4 revolutions.

40.  A tire has a speed of 90.52 km/h at its edge. The number of revolutions in 19 s was 31.03. Calculate: 
a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 10.26 rad/s = 98 rpm      b) 245 cm      c) 257.97 m/s2.

41.  A wheel 545 cm in radius rotates at a constant rate of 86 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 53 s.
Answer: a) 9.01 rad/s      49.08 m/s      b) 441.99 m/s2      c) 75.97 revolutions.

42.  We have a pulley with 390 cm in radius. It rotates at a constant speed of 51.05 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 13.09 rad/s = 125 rpm      b) 668.23 m/s2.

43.  At the edge of a wheel with 260 cm in radius the centripetal acceleration is 785.78 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 43 s.
Answer: a) 45.2 m/s      b) 17.38 rad/s = 166 rpm      c) 118.97 revolutions.

44.  A pulley has a speed of 4.11 m/s at its edge. The number of revolutions in 27 s was 70.65. Calculate: 
a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 16.44 rad/s = 157 rpm      b) 25 cm      c) 67.57 m/s2.

45.  A wheel 95 cm in radius rotates at a constant rate of 308 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 5 s.
Answer: a) 32.25 rad/s      30.64 m/s      b) 988.22 m/s2      c) 25.67 revolutions.
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46.  We have a wheel with 80 cm in radius. It rotates at a constant speed of 27.65 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 34.56 rad/s = 330 rpm      b) 955.65 m/s2.

47.  At the edge of a pulley with 380 cm in radius the centripetal acceleration is 640.64 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 12 s.
Answer: a) 49.34 m/s      b) 12.99 rad/s = 124 rpm      c) 24.8 revolutions.

48.  A tire has a speed of 94.08 km/h at its edge. The number of revolutions in 28 s was 75.13. Calculate: 
a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 16.86 rad/s = 161 rpm      b) 155 cm      c) 440.5 m/s2.

49.  A wheel 230 cm in radius rotates at a constant rate of 135 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 27 s.
Answer: a) 14.14 rad/s      32.52 m/s      b) 459.8 m/s2      c) 60.75 revolutions.

50.  We have a pulley with 325 cm in radius. It rotates at a constant speed of 41.86 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 12.88 rad/s = 123 rpm      b) 539.16 m/s2.

51.  At the edge of a wheel with 90 cm in radius the centripetal acceleration is 698.34 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 35 s.
Answer: a) 25.07 m/s      b) 27.86 rad/s = 266 rpm      c) 155.17 revolutions.

52.  A wheel has a speed of 22.61 m/s at its edge. The number of revolutions in 23 s was 48.68. Calculate: 
a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 13.3 rad/s = 127 rpm      b) 170 cm      c) 300.71 m/s2.

53.  A tire 25 cm in radius rotates at a constant rate of 123 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 23 s.
Answer: a) 12.88 rad/s      3.22 m/s      b) 41.47 m/s2      c) 47.15 revolutions.

54.  We have a wheel with 145 cm in radius. It rotates at a constant speed of 96.21 km/h at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 18.43 rad/s = 176 rpm      b) 492.39 m/s2.

6



99 problems: circular motion  

55.  At the edge of a tire with 75 cm in radius the centripetal acceleration is 126.49 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 3 s.
Answer: a) 9.74 m/s      b) 12.99 rad/s = 124 rpm      c) 6.2 revolutions.

56.  A pulley has a speed of 47.84 km/h at its edge. The number of revolutions in 51 s was 359.55. 
Calculate: a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 44.3 rad/s = 423 rpm      b) 30 cm      c) 588.75 m/s2.

57.  A pulley 340 cm in radius rotates at a constant rate of 103 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 53 s.
Answer: a) 10.79 rad/s      36.67 m/s      b) 395.5 m/s2      c) 90.98 revolutions.

58.  We have a pulley with 480 cm in radius. It rotates at a constant speed of 46.24 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 9.63 rad/s = 92 rpm      b) 445.45 m/s2.

59.  At the edge of a wheel with 185 cm in radius the centripetal acceleration is 819.63 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 20 s.
Answer: a) 38.94 m/s      b) 21.05 rad/s = 201 rpm      c) 67 revolutions.

60.  A pulley has a speed of 42.15 m/s at its edge. The number of revolutions in 11 s was 15.22. Calculate: 
a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 8.69 rad/s = 83 rpm      b) 485 cm      c) 366.31 m/s2.

61.  A wheel 35 cm in radius rotates at a constant rate of 506 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 58 s.
Answer: a) 52.99 rad/s      18.55 m/s      b) 983.15 m/s2      c) 489.13 revolutions.

62.  We have a tire with 260 cm in radius. It rotates at a constant speed of 16.61 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 6.39 rad/s = 61 rpm      b) 106.11 m/s2.

63.  At the edge of a pulley with 280 cm in radius the centripetal acceleration is 984 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 49 s.
Answer: a) 52.49 m/s      b) 18.74 rad/s = 179 rpm      c) 146.18 revolutions.
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64.  A pulley has a speed of 29.41 km/h at its edge. The number of revolutions in 35 s was 91. Calculate: 
a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 16.34 rad/s = 156 rpm      b) 50 cm      c) 133.5 m/s2.

65.  A wheel 120 cm in radius rotates at a constant rate of 218 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 16 s.
Answer: a) 22.83 rad/s      27.39 m/s      b) 625.18 m/s2      c) 58.13 revolutions.

66.  We have a wheel with 295 cm in radius. It rotates at a constant speed of 37.38 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 12.67 rad/s = 121 rpm      b) 473.65 m/s2.

67.  At the edge of a tire with 75 cm in radius the centripetal acceleration is 126.49 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 3 s.
Answer: a) 9.74 m/s      b) 12.99 rad/s = 124 rpm      c) 6.2 revolutions.

68.  A pulley has a speed of 47.84 km/h at its edge. The number of revolutions in 51 s was 359.55. 
Calculate: a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 44.3 rad/s = 423 rpm      b) 30 cm      c) 588.75 m/s2.

69.  A pulley 340 cm in radius rotates at a constant rate of 103 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 53 s.
Answer: a) 10.79 rad/s      36.67 m/s      b) 395.5 m/s2      c) 90.98 revolutions.

70.  We have a pulley with 480 cm in radius. It rotates at a constant speed of 46.24 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 9.63 rad/s = 92 rpm      b) 445.45 m/s2.

71.  At the edge of a wheel with 185 cm in radius the centripetal acceleration is 819.63 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 20 s.
Answer: a) 38.94 m/s      b) 21.05 rad/s = 201 rpm      c) 67 revolutions.

72.  A pulley has a speed of 42.15 m/s at its edge. The number of revolutions in 11 s was 15.22. Calculate: 
a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 8.69 rad/s = 83 rpm      b) 485 cm      c) 366.31 m/s2.
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73.  A wheel 35 cm in radius rotates at a constant rate of 506 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 58 s.
Answer: a) 52.99 rad/s      18.55 m/s      b) 983.15 m/s2      c) 489.13 revolutions.

74.  We have a tire with 260 cm in radius. It rotates at a constant speed of 16.61 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 6.39 rad/s = 61 rpm      b) 106.11 m/s2.

75.  At the edge of a pulley with 280 cm in radius the centripetal acceleration is 984 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 49 s.
Answer: a) 52.49 m/s      b) 18.74 rad/s = 179 rpm      c) 146.18 revolutions.

76.  A pulley has a speed of 29.41 km/h at its edge. The number of revolutions in 35 s was 91. Calculate: 
a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 16.34 rad/s = 156 rpm      b) 50 cm      c) 133.5 m/s2.

77.  A wheel 120 cm in radius rotates at a constant rate of 218 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 16 s.
Answer: a) 22.83 rad/s      27.39 m/s      b) 625.18 m/s2      c) 58.13 revolutions.

78.  We have a wheel with 295 cm in radius. It rotates at a constant speed of 37.38 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 12.67 rad/s = 121 rpm      b) 473.65 m/s2.

79.  At the edge of a tire with 75 cm in radius the centripetal acceleration is 126.49 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 3 s.
Answer: a) 9.74 m/s      b) 12.99 rad/s = 124 rpm      c) 6.2 revolutions.

80.  A pulley has a speed of 47.84 km/h at its edge. The number of revolutions in 51 s was 359.55. 
Calculate: a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 44.3 rad/s = 423 rpm      b) 30 cm      c) 588.75 m/s2.

81.  A pulley 340 cm in radius rotates at a constant rate of 103 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 53 s.
Answer: a) 10.79 rad/s      36.67 m/s      b) 395.5 m/s2      c) 90.98 revolutions.
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82.  We have a pulley with 480 cm in radius. It rotates at a constant speed of 46.24 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 9.63 rad/s = 92 rpm      b) 445.45 m/s2.

83.  At the edge of a wheel with 185 cm in radius the centripetal acceleration is 819.63 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 20 s.
Answer: a) 38.94 m/s      b) 21.05 rad/s = 201 rpm      c) 67 revolutions.

84.  A pulley has a speed of 42.15 m/s at its edge. The number of revolutions in 11 s was 15.22. Calculate: 
a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 8.69 rad/s = 83 rpm      b) 485 cm      c) 366.31 m/s2.

85.  A wheel 35 cm in radius rotates at a constant rate of 506 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 58 s.
Answer: a) 52.99 rad/s      18.55 m/s      b) 983.15 m/s2      c) 489.13 revolutions.

86.  We have a tire with 260 cm in radius. It rotates at a constant speed of 16.61 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 6.39 rad/s = 61 rpm      b) 106.11 m/s2.

87.  At the edge of a pulley with 280 cm in radius the centripetal acceleration is 984 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 49 s.
Answer: a) 52.49 m/s      b) 18.74 rad/s = 179 rpm      c) 146.18 revolutions.

88.  A pulley has a speed of 29.41 km/h at its edge. The number of revolutions in 35 s was 91. Calculate: 
a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 16.34 rad/s = 156 rpm      b) 50 cm      c) 133.5 m/s2.

89.  A wheel 120 cm in radius rotates at a constant rate of 218 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 16 s.
Answer: a) 22.83 rad/s      27.39 m/s      b) 625.18 m/s2      c) 58.13 revolutions.

90.  We have a wheel with 295 cm in radius. It rotates at a constant speed of 37.38 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 12.67 rad/s = 121 rpm      b) 473.65 m/s2.
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99 problems: circular motion  

91.  At the edge of a tire with 75 cm in radius the centripetal acceleration is 126.49 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 3 s.
Answer: a) 9.74 m/s      b) 12.99 rad/s = 124 rpm      c) 6.2 revolutions.

92.  A pulley has a speed of 47.84 km/h at its edge. The number of revolutions in 51 s was 359.55. 
Calculate: a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 44.3 rad/s = 423 rpm      b) 30 cm      c) 588.75 m/s2.

93.  A pulley 340 cm in radius rotates at a constant rate of 103 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 53 s.
Answer: a) 10.79 rad/s      36.67 m/s      b) 395.5 m/s2      c) 90.98 revolutions.

94.  We have a pulley with 480 cm in radius. It rotates at a constant speed of 46.24 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 9.63 rad/s = 92 rpm      b) 445.45 m/s2.

95.  At the edge of a wheel with 185 cm in radius the centripetal acceleration is 819.63 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 20 s.
Answer: a) 38.94 m/s      b) 21.05 rad/s = 201 rpm      c) 67 revolutions.

96.  A pulley has a speed of 42.15 m/s at its edge. The number of revolutions in 11 s was 15.22. Calculate: 
a) Its angular velocity in rad/s and rpm. b) The radius. c) Centripetal acceleration at the edge.
Answer: a) 8.69 rad/s = 83 rpm      b) 485 cm      c) 366.31 m/s2.

97.  A wheel 35 cm in radius rotates at a constant rate of 506 rpm. Calculate: a) The angular velocity (in 
rad/s) and the speed at the edge. b) The centripetal acceleration at the edge. c) The number of revolutions 
for the time interval from 0 to 58 s.
Answer: a) 52.99 rad/s      18.55 m/s      b) 983.15 m/s2      c) 489.13 revolutions.

98.  We have a tire with 260 cm in radius. It rotates at a constant speed of 16.61 m/s at the edge. Find: 
a) Its angular velocity in rad/s and rpm. b) The centripetal acceleration at the edge.
Answer: a) 6.39 rad/s = 61 rpm      b) 106.11 m/s2.
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99 problems: circular motion  

99.  At the edge of a pulley with 280 cm in radius the centripetal acceleration is 984 m/s2. Determine: 
a) Speed at the edge (in m/s). b) The angular velocity in rad/s and rpm. c) Number of revolutions for the 
time interval from 0 to 49 s.
Answer: a) 52.49 m/s      b) 18.74 rad/s = 179 rpm      c) 146.18 revolutions.
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99 problems: simple harmonic motion  

1.  A particle vibrates in simple harmonic motion with a maximum velocity of 1.269 m/s and a maximum 
acceleration of 1.278 m/s2. At t = 0 its position is 1.26 m, find:
    a) Frequency and angular frequency.
    b) Amplitude of the motion.
    c) Position of the particle as a function of time.
    d) The velocity of the particle when its position is 0.7686 m.
Answer:  a) 0.1603 Hz,   1.007 rad/s,   b) 1.26 m,   c) x(t) = 1.26 sin(1.007 t + /2),   d) 1.005 m/s

2.  The velocity of a block is given by the expression v(t) = 94.7 cos(20.94 t + 2.9) where v is in 
meters/seconds and t is in seconds. Determine:
    a) The frequency and the amplitude of the motion.
    b) Position of the block as a function of time.
    c) The maximum acceleration of the block.
Answer:  a) 3.333 Hz,    4.52 m,    b) x(t) = 4.52 sin(20.94 t + 2.9),    c) 1983 m/s2.

3.  A particle vibrates in simple harmonic motion with an amplitude of 3.05 m and a period of 2.39 s. At 
t = 0 its position is 0 m, determine:
    a) Position of the particle as a function of time.
    b) The frequency of the motion.
    c) The maximum velocity of the particle.
Answer:  a) x(t) = 3.05 sin(2.629 t),    b) 0.4184 Hz,    c) 8.018 m/s.

4.  The position of a block is given by the expression x(t) = 2.35 sin(0.9879 t + 1.7) where x is in meters 
and t is in seconds. Find:
    a) The frequency and period of the motion.
    b) The maximum velocity and maximum acceleration.
    c) The velocity of the block when its position is 0.705 m.
Answer:  a) 0.1572 Hz,    6.36 s,    b) 2.322 m/s,    2.294 m/s2,    c) 2.215 m/s.

5.  An object executes simple harmonic motion with an amplitude of 0.76 m and a maximum speed of 
9.01 m/s. At t = 0 its position is 0.38 m, determine:
    a) Frequency of the motion.
    b) Position of the object as a function of time.
    c) The maximum acceleration.
Answer:  a) 1.887 Hz,    b) x(t) = 0.76 sin(11.86 t + /6),    c) 106.8 m/s2.
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99 problems: simple harmonic motion  

6.  A particle vibrates in simple harmonic motion with a maximum velocity of 28.55 m/s and a maximum 
acceleration of 174.2 m/s2. At t = 0 its position is 2.34 m, find:
    a) Frequency and angular frequency.
    b) Amplitude of the motion.
    c) Position of the particle as a function of time.
    d) The velocity of the particle when its position is 2.246 m.
Answer:  a) 0.9709 Hz,   6.1 rad/s,   b) 4.68 m,   c) x(t) = 4.68 sin(6.1 t + /6),   d) 25.04 m/s

7.  The velocity of a block is given by the expression v(t) = 8.74 cos(7.222 t + 2.2) where v is in 
meters/seconds and t is in seconds. Determine:
    a) The frequency and the amplitude of the motion.
    b) Position of the block as a function of time.
    c) The maximum acceleration of the block.
Answer:  a) 1.149 Hz,    1.21 m,    b) x(t) = 1.21 sin(7.222 t + 2.2),    c) 63.11 m/s2.

8.  A particle vibrates in simple harmonic motion with an amplitude of 0.93 m and a period of 3.19 s. At 
t = 0 its position is 0 m, determine:
    a) Position of the particle as a function of time.
    b) The frequency of the motion.
    c) The maximum velocity of the particle.
Answer:  a) x(t) = 0.93 sin(1.97 t),    b) 0.3135 Hz,    c) 1.832 m/s.

9.  The position of a block is given by the expression x(t) = 0.68 sin(0.71 t + 4.8) where x is in meters and t 
is in seconds. Find:
    a) The frequency and period of the motion.
    b) The maximum velocity and maximum acceleration.
    c) The velocity of the block when its position is 0.306 m.
Answer:  a) 0.113 Hz,    8.85 s,    b) 0.4828 m/s,    0.3428 m/s2,    c) 0.4311 m/s.

10.  An object executes simple harmonic motion with an amplitude of 2.04 m and a maximum speed of 
3.045 m/s. At t = 0 its position is 2.04 m, determine:
    a) Frequency of the motion.
    b) Position of the object as a function of time.
    c) The maximum acceleration.
Answer:  a) 0.2375 Hz,    b) x(t) = 2.04 sin(1.492 t + /2),    c) 4.544 m/s2.
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99 problems: simple harmonic motion  

11.  A particle vibrates in simple harmonic motion with a maximum velocity of 1.981 m/s and a maximum 
acceleration of 13.53 m/s2. At t = 0 its position is 0.29 m, find:
    a) Frequency and angular frequency.
    b) Amplitude of the motion.
    c) Position of the particle as a function of time.
    d) The velocity of the particle when its position is 0.1247 m.
Answer:  a) 1.087 Hz,   6.83 rad/s,   b) 0.29 m,   c) x(t) = 0.29 sin(6.83 t + /2),   d) 1.788 m/s

12.  The velocity of a block is given by the expression v(t) = 37.2 cos(11.86 t + 1.2) where v is in 
meters/seconds and t is in seconds. Determine:
    a) The frequency and the amplitude of the motion.
    b) Position of the block as a function of time.
    c) The maximum acceleration of the block.
Answer:  a) 1.887 Hz,    3.14 m,    b) x(t) = 3.14 sin(11.86 t + 1.2),    c) 441.3 m/s2.

13.  A particle vibrates in simple harmonic motion with an amplitude of 2.98 m and a period of 2.62 s. At 
t = 0 its position is 0 m, determine:
    a) Position of the particle as a function of time.
    b) The frequency of the motion.
    c) The maximum velocity of the particle.
Answer:  a) x(t) = 2.98 sin(2.398 t),    b) 0.3817 Hz,    c) 7.147 m/s.

14.  The position of a block is given by the expression x(t) = 2.6 sin(8.976 t + 3.2) where x is in meters and 
t is in seconds. Find:
    a) The frequency and period of the motion.
    b) The maximum velocity and maximum acceleration.
    c) The velocity of the block when its position is 0.78 m.
Answer:  a) 1.429 Hz,    0.7 s,    b) 23.34 m/s,    209.5 m/s2,    c) 22.26 m/s.

15.  An object executes simple harmonic motion with an amplitude of 4.09 m and a maximum speed of 
7.06 m/s. At t = 0 its position is 4.09 m, determine:
    a) Frequency of the motion.
    b) Position of the object as a function of time.
    c) The maximum acceleration.
Answer:  a) 0.2747 Hz,    b) x(t) = 4.09 sin(1.726 t + /2),    c) 12.19 m/s2.
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99 problems: simple harmonic motion  

16.  A particle vibrates in simple harmonic motion with a maximum velocity of 5.498 m/s and a maximum 
acceleration of 43.18 m/s2. At t = 0 its position is 0 m, find:
    a) Frequency and angular frequency.
    b) Amplitude of the motion.
    c) Position of the particle as a function of time.
    d) The velocity of the particle when its position is 0.266 m.
Answer:  a) 1.25 Hz,   7.854 rad/s,   b) 0.7 m,   c) x(t) = 0.7 sin(7.854 t),   d) 5.085 m/s

17.  The velocity of a block is given by the expression v(t) = 0.189 cos(0.7012 t + 1.7) where v is in 
meters/seconds and t is in seconds. Determine:
    a) The frequency and the amplitude of the motion.
    b) Position of the block as a function of time.
    c) The maximum acceleration of the block.
Answer:  a) 0.1116 Hz,    0.27 m,    b) x(t) = 0.27 sin(0.7012 t + 1.7),    c) 0.1328 m/s2.

18.  A particle vibrates in simple harmonic motion with an amplitude of 2 m and a period of 2.95 s. At 
t = 0 its position is 0 m, determine:
    a) Position of the particle as a function of time.
    b) The frequency of the motion.
    c) The maximum velocity of the particle.
Answer:  a) x(t) = 2 sin(2.13 t),    b) 0.339 Hz,    c) 4.26 m/s.

19.  The position of a block is given by the expression x(t) = 0.42 sin(11.42 t + 2.6) where x is in meters 
and t is in seconds. Find:
    a) The frequency and period of the motion.
    b) The maximum velocity and maximum acceleration.
    c) The velocity of the block when its position is 0.2982 m.
Answer:  a) 1.818 Hz,    0.55 s,    b) 4.798 m/s,    54.81 m/s2,    c) 3.379 m/s.

20.  An object executes simple harmonic motion with an amplitude of 1.34 m and a maximum speed of 
2.742 m/s. At t = 0 its position is 0 m, determine:
    a) Frequency of the motion.
    b) Position of the object as a function of time.
    c) The maximum acceleration.
Answer:  a) 0.3257 Hz,    b) x(t) = 1.34 sin(2.047 t),    c) 5.613 m/s2.
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21.  A particle vibrates in simple harmonic motion with a maximum velocity of 99.63 m/s and a maximum 
acceleration of 8943 m/s2. At t = 0 its position is 0.555 m, find:
    a) Frequency and angular frequency.
    b) Amplitude of the motion.
    c) Position of the particle as a function of time.
    d) The velocity of the particle when its position is 0.8214 m.
Answer:  a) 14.29 Hz,   89.76 rad/s,   b) 1.11 m,   c) x(t) = 1.11 sin(89.76 t + /6),   d) 67.01 m/s

22.  The velocity of a block is given by the expression v(t) = 3.7 cos(0.9226 t + 3.3) where v is in 
meters/seconds and t is in seconds. Determine:
    a) The frequency and the amplitude of the motion.
    b) Position of the block as a function of time.
    c) The maximum acceleration of the block.
Answer:  a) 0.1468 Hz,    4.01 m,    b) x(t) = 4.01 sin(0.9226 t + 3.3),    c) 3.414 m/s2.

23.  A particle vibrates in simple harmonic motion with an amplitude of 2.28 m and a period of 1.48 s. At 
t = 0 its position is 0 m, determine:
    a) Position of the particle as a function of time.
    b) The frequency of the motion.
    c) The maximum velocity of the particle.
Answer:  a) x(t) = 2.28 sin(4.245 t),    b) 0.6757 Hz,    c) 9.68 m/s.

24.  The position of a block is given by the expression x(t) = 0.39 sin(15.32 t + 1.4) where x is in meters 
and t is in seconds. Find:
    a) The frequency and period of the motion.
    b) The maximum velocity and maximum acceleration.
    c) The velocity of the block when its position is 0.1638 m.
Answer:  a) 2.439 Hz,    0.41 s,    b) 5.977 m/s,    91.59 m/s2,    c) 5.424 m/s.

25.  An object executes simple harmonic motion with an amplitude of 3.94 m and a maximum speed of 
33.91 m/s. At t = 0 its position is 3.94 m, determine:
    a) Frequency of the motion.
    b) Position of the object as a function of time.
    c) The maximum acceleration.
Answer:  a) 1.37 Hz,    b) x(t) = 3.94 sin(8.607 t + /2),    c) 291.9 m/s2.
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26.  A particle vibrates in simple harmonic motion with a maximum velocity of 4.664 m/s and a maximum 
acceleration of 5.993 m/s2. At t = 0 its position is 1.815 m, find:
    a) Frequency and angular frequency.
    b) Amplitude of the motion.
    c) Position of the particle as a function of time.
    d) The velocity of the particle when its position is 2.214 m.
Answer:  a) 0.2045 Hz,   1.285 rad/s,   b) 3.63 m,   c) x(t) = 3.63 sin(1.285 t + /6),   d) 3.696 m/s

27.  The velocity of a block is given by the expression v(t) = 28 cos(11.22 t + 4.1) where v is in 
meters/seconds and t is in seconds. Determine:
    a) The frequency and the amplitude of the motion.
    b) Position of the block as a function of time.
    c) The maximum acceleration of the block.
Answer:  a) 1.786 Hz,    2.5 m,    b) x(t) = 2.5 sin(11.22 t + 4.1),    c) 314.7 m/s2.

28.  A particle vibrates in simple harmonic motion with an amplitude of 2.76 m and a period of 0.86 s. At 
t = 0 its position is 0 m, determine:
    a) Position of the particle as a function of time.
    b) The frequency of the motion.
    c) The maximum velocity of the particle.
Answer:  a) x(t) = 2.76 sin(7.306 t),    b) 1.163 Hz,    c) 20.16 m/s.

29.  The position of a block is given by the expression x(t) = 2.68 sin(13.66 t + 2.3) where x is in meters 
and t is in seconds. Find:
    a) The frequency and period of the motion.
    b) The maximum velocity and maximum acceleration.
    c) The velocity of the block when its position is 0.938 m.
Answer:  a) 2.174 Hz,    0.46 s,    b) 36.61 m/s,    500 m/s2,    c) 34.29 m/s.

30.  An object executes simple harmonic motion with an amplitude of 2.68 m and a maximum speed of 
24.06 m/s. At t = 0 its position is 2.68 m, determine:
    a) Frequency of the motion.
    b) Position of the object as a function of time.
    c) The maximum acceleration.
Answer:  a) 1.429 Hz,    b) x(t) = 2.68 sin(8.976 t + /2),    c) 215.9 m/s2.
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99 problems: simple harmonic motion  

31.  A particle vibrates in simple harmonic motion with a maximum velocity of 0.22 m/s and a maximum 
acceleration of 0.3024 m/s2. At t = 0 its position is 0.16 m, find:
    a) Frequency and angular frequency.
    b) Amplitude of the motion.
    c) Position of the particle as a function of time.
    d) The velocity of the particle when its position is 0.0656 m.
Answer:  a) 0.2188 Hz,   1.375 rad/s,   b) 0.16 m,   c) x(t) = 0.16 sin(1.375 t + /2),   d) 0.2006 m/s

32.  The velocity of a block is given by the expression v(t) = 12.1 cos(2.596 t + 5) where v is in 
meters/seconds and t is in seconds. Determine:
    a) The frequency and the amplitude of the motion.
    b) Position of the block as a function of time.
    c) The maximum acceleration of the block.
Answer:  a) 0.4132 Hz,    4.65 m,    b) x(t) = 4.65 sin(2.596 t + 5),    c) 31.35 m/s2.

33.  A particle vibrates in simple harmonic motion with an amplitude of 0.34 m and a period of 0.38 s. At 
t = 0 its position is 0 m, determine:
    a) Position of the particle as a function of time.
    b) The frequency of the motion.
    c) The maximum velocity of the particle.
Answer:  a) x(t) = 0.34 sin(16.53 t),    b) 2.632 Hz,    c) 5.622 m/s.

34.  A particle of 92 g is attached to a spring and vibrates in simple harmonic motion with a frequency of 
0.188 Hz. Its maximum velocity is 1.276 m/s and at t = 0 its position is 0 m. Determine:
    a) Amplitude of the motion.
    b) Force constant of the spring.
    c) Position of the particle as a function of time.
    d) Maximum force of the spring.
Answer:  a) 1.08 m,    b) 0.1283 N/m,    c) x(t) = 1.08 sin(1.181 t),    d) 0.1386 N.

35.  We have an object of mass 364 g attached to a spring. The object vibrates in simple harmonic motion. 
Its position is given by the expression  x(t) = 3.23 sin(2.108 t + /2)  where x is in meters and t is in 
seconds. Find:
    a) Force constant of the spring.
    b) Maximum velocity of the object.
    c) Maximum force of the spring.
Answer:  a) 1.618 N/m,    b) 6.81 m/s,    c) 5.227 N.
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36.  The position of the bob of a simple pendulum is given by the expression 
x(t) = 0.78 sin(0.9711 t + /2) where x is in meters and t is in seconds. If g = 9.8 m/s2, determine:
    a) Frequency of the motion.
    b) Length of the pendulum.
    c) Velocity of the bob when its position is 0.4446 m.
Answer:  a) 0.1546 Hz,    b) 10.39 m,    c) 0.6224 m/s.

37.  A simple pendulum has a length of 9.947 m. The pendulum moves in simple harmonic motion with an 
amplitude of 1.18 m. At t = 0 its position is 1.18 m and g = 9.8 m/s2. Find:
    a) Period of the motion.
    b) Position of the bob as a function of time.
    c) Maximum velocity of the bob.
Answer:  a) 6.33 s,    b) x(t) = 1.18 sin(0.9926 t + /2),    c) 1.171 m/s.

38.  A 213–g block attached to a spring vibrates in simple harmonic motion with an amplitude of 4.89 m 
and a period of 3.97 s. At t = 0 its position is 4.89 m. Determine:
    a) Force constant of the spring.
    b) Position of the block as a function of time.
    c) Maximum force of the spring.
Answer:  a) 0.5335 N/m,    b) x(t) = 4.89 sin(1.583 t + /2),    c) 2.609 N.

39.  The force constant of a spring is 0.7687 N/m. A particle is attached to the spring and vibrates in 
simple harmonic motion with an amplitude of 2.53 m and a frequency of 0.369 Hz. At t = 0 its position is 
0 m. Find:
    a) The mass of the particle.
    b) Position of the particle as a function of time.
    c) Maximum force of the spring.
Answer:  a) 143 g,    b) x(t) = 2.53 sin(2.319 t),    c) 1.945 N.

40.  An object of 42 g is attached to a spring with a force constant of 0.02052 N/m and vibrates in simple 
harmonic motion with an amplitude of 2.63 m. At t = 0 its position is 1.315 m. Determine:
    a) Frequency of the motion.
    b) Position of the object as a function of time.
    c) Maximum velocity of the object.
Answer:  a) 0.1112 Hz,    b) x(t) = 2.63 sin(0.6989 t + /6),    c) 1.838 m/s.
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41.  A block of 228 g is attached to a spring and vibrates in simple harmonic motion with an amplitude of 
2.16 m. Its velocity at equilibrium position is 3.27 m/s and at t = 0 its position is 0 m. Find:
    a) Period of the motion.
    b) Force constant of the spring.
    c) Position of the block as a function of time.
Answer:  a) 4.15 s,    b) 0.5226 N/m,    c) x(t) = 2.16 sin(1.514 t).

42.  A particle of 148 g is attached to a spring and vibrates in simple harmonic motion with a frequency of 
0.1192 Hz. Its maximum velocity is 0.4643 m/s and at t = 0 its position is 0.62 m. Determine:
    a) Amplitude of the motion.
    b) Force constant of the spring.
    c) Position of the particle as a function of time.
    d) Maximum force of the spring.
Answer:  a) 0.62 m,    b) 0.083 N/m,    c) x(t) = 0.62 sin(0.7489 t + /2),    d) 0.05146 N.

43.  We have an object of mass 118 g attached to a spring. The object vibrates in simple harmonic motion. 
Its position is given by the expression  x(t) = 4.58 sin(2.074 t + /2)  where x is in meters and t is in 
seconds. Find:
    a) Force constant of the spring.
    b) Maximum velocity of the object.
    c) Maximum force of the spring.
Answer:  a) 0.5074 N/m,    b) 9.497 m/s,    c) 2.324 N.

44.  The position of the bob of a simple pendulum is given by the expression 
x(t) = 1.37 sin(0.7923 t + /2) where x is in meters and t is in seconds. If g = 9.8 m/s2, determine:
    a) Frequency of the motion.
    b) Length of the pendulum.
    c) Velocity of the bob when its position is 0.5206 m.
Answer:  a) 0.1261 Hz,    b) 15.61 m,    c) 1.004 m/s.

45.  A simple pendulum has a length of 5.368 m. The pendulum moves in simple harmonic motion with an 
amplitude of 0.99 m. At t = 0 its position is 0.99 m and g = 9.8 m/s2. Find:
    a) Period of the motion.
    b) Position of the bob as a function of time.
    c) Maximum velocity of the bob.
Answer:  a) 4.65 s,    b) x(t) = 0.99 sin(1.351 t + /2),    c) 1.338 m/s.
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46.  A 354–g block attached to a spring vibrates in simple harmonic motion with an amplitude of 4.8 m 
and a period of 6.5 s. At t = 0 its position is 4.8 m. Determine:
    a) Force constant of the spring.
    b) Position of the block as a function of time.
    c) Maximum force of the spring.
Answer:  a) 0.3308 N/m,    b) x(t) = 4.8 sin(0.9666 t + /2),    c) 1.588 N.

47.  The force constant of a spring is 0.2096 N/m. A particle is attached to the spring and vibrates in 
simple harmonic motion with an amplitude of 2.32 m and a frequency of 0.1242 Hz. At t = 0 its position is 
0 m. Find:
    a) The mass of the particle.
    b) Position of the particle as a function of time.
    c) Maximum force of the spring.
Answer:  a) 344 g,    b) x(t) = 2.32 sin(0.7805 t),    c) 0.4862 N.

48.  An object of 143 g is attached to a spring with a force constant of 7.127 N/m and vibrates in simple 
harmonic motion with an amplitude of 1.03 m. At t = 0 its position is 1.03 m. Determine:
    a) Frequency of the motion.
    b) Position of the object as a function of time.
    c) Maximum velocity of the object.
Answer:  a) 1.124 Hz,    b) x(t) = 1.03 sin(7.06 t + /2),    c) 7.272 m/s.

49.  A block of 314 g is attached to a spring and vibrates in simple harmonic motion with an amplitude of 
0.73 m. Its velocity at equilibrium position is 19.94 m/s and at t = 0 its position is 0 m. Find:
    a) Period of the motion.
    b) Force constant of the spring.
    c) Position of the block as a function of time.
Answer:  a) 0.23 s,    b) 234.3 N/m,    c) x(t) = 0.73 sin(27.32 t).

50.  A particle of 37 g is attached to a spring and vibrates in simple harmonic motion with a frequency of 
1.124 Hz. Its maximum velocity is 10.87 m/s and at t = 0 its position is 0.77 m. Determine:
    a) Amplitude of the motion.
    b) Force constant of the spring.
    c) Position of the particle as a function of time.
    d) Maximum force of the spring.
Answer:  a) 1.54 m,    b) 1.844 N/m,    c) x(t) = 1.54 sin(7.06 t + /6),    d) 2.84 N.
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99 problems: simple harmonic motion  

51.  We have an object of mass 122 g attached to a spring. The object vibrates in simple harmonic motion. 
Its position is given by the expression  x(t) = 3.42 sin(12.32 t + /6)  where x is in meters and t is in 
seconds. Find:
    a) Force constant of the spring.
    b) Maximum velocity of the object.
    c) Maximum force of the spring.
Answer:  a) 18.52 N/m,    b) 42.13 m/s,    c) 63.33 N.

52.  The position of the bob of a simple pendulum is given by the expression x(t) = 3.83 sin(0.71 t + /6) 
where x is in meters and t is in seconds. If g = 9.8 m/s2, determine:
    a) Frequency of the motion.
    b) Length of the pendulum.
    c) Velocity of the bob when its position is 1.915 m.
Answer:  a) 0.113 Hz,    b) 19.44 m,    c) 2.355 m/s.

53.  A simple pendulum has a length of 20.06 m. The pendulum moves in simple harmonic motion with an 
amplitude of 2.63 m. At t = 0 its position is 1.315 m and g = 9.8 m/s2. Find:
    a) Period of the motion.
    b) Position of the bob as a function of time.
    c) Maximum velocity of the bob.
Answer:  a) 8.99 s,    b) x(t) = 2.63 sin(0.6989 t + /6),    c) 1.838 m/s.

54.  A 228–g block attached to a spring vibrates in simple harmonic motion with an amplitude of 2.16 m 
and a period of 4.15 s. At t = 0 its position is 0 m. Determine:
    a) Force constant of the spring.
    b) Position of the block as a function of time.
    c) Maximum force of the spring.
Answer:  a) 0.5226 N/m,    b) x(t) = 2.16 sin(1.514 t),    c) 1.129 N.

55.  The force constant of a spring is 0.083 N/m. A particle is attached to the spring and vibrates in simple 
harmonic motion with an amplitude of 0.62 m and a frequency of 0.1192 Hz. At t = 0 its position is 
0.62 m. Find:
    a) The mass of the particle.
    b) Position of the particle as a function of time.
    c) Maximum force of the spring.
Answer:  a) 148 g,    b) x(t) = 0.62 sin(0.7489 t + /2),    c) 0.05146 N.
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99 problems: simple harmonic motion  

56.  An object of 118 g is attached to a spring with a force constant of 0.5074 N/m and vibrates in simple 
harmonic motion with an amplitude of 4.58 m. At t = 0 its position is 4.58 m. Determine:
    a) Frequency of the motion.
    b) Position of the object as a function of time.
    c) Maximum velocity of the object.
Answer:  a) 0.33 Hz,    b) x(t) = 4.58 sin(2.074 t + /2),    c) 9.497 m/s.

57.  A block of 57 g is attached to a spring and vibrates in simple harmonic motion with an amplitude of 
1.4 m. Its velocity at equilibrium position is 11.73 m/s and at t = 0 its position is 0.7 m. Find:
    a) Period of the motion.
    b) Force constant of the spring.
    c) Position of the block as a function of time.
Answer:  a) 0.75 s,    b) 4 N/m,    c) x(t) = 1.4 sin(8.378 t + /6).

58.  A particle of 394 g is attached to a spring and vibrates in simple harmonic motion with a frequency of 
0.2283 Hz. Its maximum velocity is 1.105 m/s and at t = 0 its position is 0.385 m. Determine:
    a) Amplitude of the motion.
    b) Force constant of the spring.
    c) Position of the particle as a function of time.
    d) Maximum force of the spring.
Answer:  a) 0.77 m,    b) 0.8108 N/m,    c) x(t) = 0.77 sin(1.435 t + /6),    d) 0.6243 N.

59.  We have an object of mass 279 g attached to a spring. The object vibrates in simple harmonic motion. 
Its position is given by the expression  x(t) = 2.11 sin(28.56 t + /6)  where x is in meters and t is in 
seconds. Find:
    a) Force constant of the spring.
    b) Maximum velocity of the object.
    c) Maximum force of the spring.
Answer:  a) 227.6 N/m,    b) 60.26 m/s,    c) 480.2 N.

60.  The position of the bob of a simple pendulum is given by the expression x(t) = 0.62 sin(1.548 t) where 
x is in meters and t is in seconds. If g = 9.8 m/s2, determine:
    a) Frequency of the motion.
    b) Length of the pendulum.
    c) Velocity of the bob when its position is 0.1488 m.
Answer:  a) 0.2463 Hz,    b) 4.092 m,    c) 0.9315 m/s.
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99 problems: simple harmonic motion  

61.  A simple pendulum has a length of 10.17 m. The pendulum moves in simple harmonic motion with an 
amplitude of 1.12 m. At t = 0 its position is 1.12 m and g = 9.8 m/s2. Find:
    a) Period of the motion.
    b) Position of the bob as a function of time.
    c) Maximum velocity of the bob.
Answer:  a) 6.4 s,    b) x(t) = 1.12 sin(0.9817 t + /2),    c) 1.1 m/s.

62.  A 249–g block attached to a spring vibrates in simple harmonic motion with an amplitude of 1.27 m 
and a period of 0.14 s. At t = 0 its position is 0 m. Determine:
    a) Force constant of the spring.
    b) Position of the block as a function of time.
    c) Maximum force of the spring.
Answer:  a) 501.5 N/m,    b) x(t) = 1.27 sin(44.88 t),    c) 637 N.

63.  The force constant of a spring is 6.97 N/m. A particle is attached to the spring and vibrates in simple 
harmonic motion with an amplitude of 0.19 m and a frequency of 1.25 Hz. At t = 0 its position is 0.095 m. 
Find:
    a) The mass of the particle.
    b) Position of the particle as a function of time.
    c) Maximum force of the spring.
Answer:  a) 113 g,    b) x(t) = 0.19 sin(7.854 t + /6),    c) 1.324 N.

64.  An object of 97 g is attached to a spring with a force constant of 13.13 N/m and vibrates in simple 
harmonic motion with an amplitude of 0.67 m. At t = 0 its position is 0.67 m. Determine:
    a) Frequency of the motion.
    b) Position of the object as a function of time.
    c) Maximum velocity of the object.
Answer:  a) 1.852 Hz,    b) x(t) = 0.67 sin(11.64 t + /2),    c) 7.796 m/s.

65.  A block of 334 g is attached to a spring and vibrates in simple harmonic motion with an amplitude of 
1.64 m. Its velocity at equilibrium position is 1.205 m/s and at t = 0 its position is 1.64 m. Find:
    a) Period of the motion.
    b) Force constant of the spring.
    c) Position of the block as a function of time.
Answer:  a) 8.55 s,    b) 0.1804 N/m,    c) x(t) = 1.64 sin(0.7349 t + /2).
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99 problems: simple harmonic motion  

66.  A particle of 324 g is attached to a spring and vibrates in simple harmonic motion with a frequency of 
1.266 Hz. Its maximum velocity is 31.5 m/s and at t = 0 its position is 0 m. Determine:
    a) Amplitude of the motion.
    b) Force constant of the spring.
    c) Position of the particle as a function of time.
    d) Maximum force of the spring.
Answer:  a) 3.96 m,    b) 20.5 N/m,    c) x(t) = 3.96 sin(7.953 t),    d) 81.16 N.

67.  A 319–g particle attached to a spring vibrates in simple harmonic motion. The position of the particle 
is given by the expression  x(t) = 3.62 sin(18.48 t + /2)  where x is in meters and t is in seconds. Find:
    a) Force constant of the spring.
    b) Frequency of the motion.
    c) Velocity at the equilibrium position.
    d) Mechanical energy of the system.

Answer:  a) 108.9 N/m,    b) 2.941 Hz,    c) 66.9 m/s,    d) 713.8 J.

68.  We have a block of 208 g attached to a spring. The block vibrates in simple harmonic motion with an 
amplitude of 0.5 m and a maximum velocity of 24.17 m/s. At t = 0 its position is 0.5 m. Determine:
    a) Force constant of the spring.
    b) Position of the block as a function of time.
    c) Kinetic energy when the position of the block is 0.29 m.
Answer:  a) 485.9 N/m,    b) x(t) = 0.5 sin(48.33 t + /2),    c) 40.3 J.

69.  A particle of 297 g is attached to a spring with a force constant of 77.09 N/m and vibrates in simple 
harmonic motion with an amplitude of 0.68 m. At t = 0 its position is 0.68 m. Determine:
    a) Frequency of the motion.
    b) Position of the particle as a function of time.
    c) The mechanical energy of the system.
Answer:  a) 2.564 Hz,    b) x(t) = 0.68 sin(16.11 t + /2),    c) 17.82 J.

70.  A hanging spring stretches by 7.509 cm when a block of mass 118 g is hung on it at rest. In this 
situation, we define its position as x = 0. The block is pulled down an additional 2.3 m and released from 
rest to oscillate. Find:
    a) Force constant of the spring.
    b) Kinetic energy, potential energy, and mechanical energy when the position is 1.61 m.
    c) Maximum velocity of the block.

Answer:  a) 15.4 N/m,    b) 20.77 J,  19.96 J,  40.73 J,       c) 26.28 m/s.
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99 problems: simple harmonic motion  

71.  An object of 385 g is attached to a spring and vibrates in simple harmonic motion with an amplitude of 
2.34 m and a frequency of 3.125 Hz. At t = 0 its position is 2.34 m. Determine:
    a) Force constant of the spring.
    b) Position of the object as a function of time.
    c) Kinetic energy, potential energy, and mechanical energy when the position is 0.5148 m.
Answer:  a) 148.4 N/m,    b) x(t) = 2.34 sin(19.63 t + /2),    c) 386.7 J,  19.67 J,  406.4 J.

72.  A 390–g particle attached to a spring vibrates in simple harmonic motion. The position of the particle 
is given by the expression  x(t) = 1.93 sin(9.24 t + /6)  where x is in meters and t is in seconds. Find:
    a) Force constant of the spring.
    b) Frequency of the motion.
    c) Velocity at the equilibrium position.
    d) Mechanical energy of the system.

Answer:  a) 33.3 N/m,    b) 1.471 Hz,    c) 17.83 m/s,    d) 62.01 J.

73.  We have a block of 258 g attached to a spring. The block vibrates in simple harmonic motion with an 
amplitude of 4.5 m and a maximum velocity of 40.39 m/s. At t = 0 its position is 2.25 m. Determine:
    a) Force constant of the spring.
    b) Position of the block as a function of time.
    c) Kinetic energy when the position of the block is 2.655 m.
Answer:  a) 20.79 N/m,    b) x(t) = 4.5 sin(8.976 t + /6),    c) 137.2 J.

74.  A particle of 223 g is attached to a spring with a force constant of 2445 N/m and vibrates in simple 
harmonic motion with an amplitude of 2.57 m. At t = 0 its position is 0 m. Determine:
    a) Frequency of the motion.
    b) Position of the particle as a function of time.
    c) The mechanical energy of the system.
Answer:  a) 16.67 Hz,    b) x(t) = 2.57 sin(104.7 t),    c) 8076 J.

75.  A hanging spring stretches by 12.51 cm when a block of mass 299 g is hung on it at rest. In this 
situation, we define its position as x = 0. The block is pulled down an additional 0.46 m and released from 
rest to oscillate. Find:
    a) Force constant of the spring.
    b) Kinetic energy, potential energy, and mechanical energy when the position is 0.1564 m.
    c) Maximum velocity of the block.

Answer:  a) 23.42 N/m,    b) 2.191 J,  0.2864 J,  2.477 J,       c) 4.071 m/s.
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99 problems: simple harmonic motion  

76.  An object of 192 g is attached to a spring and vibrates in simple harmonic motion with an amplitude of 
2.95 m and a frequency of 2.941 Hz. At t = 0 its position is 2.95 m. Determine:
    a) Force constant of the spring.
    b) Position of the object as a function of time.
    c) Kinetic energy, potential energy, and mechanical energy when the position is 1.151 m.
Answer:  a) 65.57 N/m,    b) x(t) = 2.95 sin(18.48 t + /2),    c) 241.9 J,  43.4 J,  285.3 J.

77.  A 358–g particle attached to a spring vibrates in simple harmonic motion. The position of the particle 
is given by the expression  x(t) = 2 sin(9.666 t)  where x is in meters and t is in seconds. Find:
    a) Force constant of the spring.
    b) Frequency of the motion.
    c) Velocity at the equilibrium position.
    d) Mechanical energy of the system.
Answer:  a) 33.45 N/m,    b) 1.538 Hz,    c) 19.33 m/s,    d) 66.9 J.

78.  We have a block of 276 g attached to a spring. The block vibrates in simple harmonic motion with an 
amplitude of 1.96 m and a maximum velocity of 25.66 m/s. At t = 0 its position is 1.96 m. Determine:
    a) Force constant of the spring.
    b) Position of the block as a function of time.
    c) Kinetic energy when the position of the block is 0.8232 m.
Answer:  a) 47.29 N/m,    b) x(t) = 1.96 sin(13.09 t + /2),    c) 74.81 J.

79.  A particle of 362 g is attached to a spring with a force constant of 324.1 N/m and vibrates in simple 
harmonic motion with an amplitude of 4.59 m. At t = 0 its position is 2.295 m. Determine:
    a) Frequency of the motion.
    b) Position of the particle as a function of time.
    c) The mechanical energy of the system.
Answer:  a) 4.762 Hz,    b) x(t) = 4.59 sin(29.92 t + /6),    c) 3414 J.

80.  A hanging spring stretches by 10.17 cm when a block of mass 332 g is hung on it at rest. In this 
situation, we define its position as x = 0. The block is pulled down an additional 1.5 m and released from 
rest to oscillate. Find:
    a) Force constant of the spring.
    b) Kinetic energy, potential energy, and mechanical energy when the position is 0.315 m.
    c) Maximum velocity of the block.

Answer:  a) 32 N/m,    b) 34.41 J,  1.588 J,  36 J,       c) 14.73 m/s.
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99 problems: simple harmonic motion  

81.  An object of 357 g is attached to a spring and vibrates in simple harmonic motion with an amplitude of 
4.25 m and a frequency of 1.639 Hz. At t = 0 its position is 4.25 m. Determine:
    a) Force constant of the spring.
    b) Position of the object as a function of time.
    c) Kinetic energy, potential energy, and mechanical energy when the position is 1.19 m.
Answer:  a) 37.88 N/m,    b) x(t) = 4.25 sin(10.3 t + /2),    c) 315.3 J,  26.82 J,  342.1 J.

82.  A 382–g particle attached to a spring vibrates in simple harmonic motion. The position of the particle 
is given by the expression  x(t) = 2.2 sin(10.83 t + /6)  where x is in meters and t is in seconds. Find:
    a) Force constant of the spring.
    b) Frequency of the motion.
    c) Velocity at the equilibrium position.
    d) Mechanical energy of the system.

Answer:  a) 44.83 N/m,    b) 1.724 Hz,    c) 23.83 m/s,    d) 108.5 J.

83.  We have a block of 267 g attached to a spring. The block vibrates in simple harmonic motion with an 
amplitude of 4.28 m and a maximum velocity of 30.56 m/s. At t = 0 its position is 4.28 m. Determine:
    a) Force constant of the spring.
    b) Position of the block as a function of time.
    c) Kinetic energy when the position of the block is 2.183 m.
Answer:  a) 13.61 N/m,    b) x(t) = 4.28 sin(7.14 t + /2),    c) 92.24 J.

84.  A particle of 312 g is attached to a spring with a force constant of 33.1 N/m and vibrates in simple 
harmonic motion with an amplitude of 2.63 m. At t = 0 its position is 2.63 m. Determine:
    a) Frequency of the motion.
    b) Position of the particle as a function of time.
    c) The mechanical energy of the system.
Answer:  a) 1.639 Hz,    b) x(t) = 2.63 sin(10.3 t + /2),    c) 114.5 J.

85.  A hanging spring stretches by 2.088 cm when a block of mass 105 g is hung on it at rest. In this 
situation, we define its position as x = 0. The block is pulled down an additional 3.74 m and released from 
rest to oscillate. Find:
    a) Force constant of the spring.
    b) Kinetic energy, potential energy, and mechanical energy when the position is 2.655 m.
    c) Maximum velocity of the block.

Answer:  a) 49.29 N/m,    b) 170.9 J,  173.8 J,  344.7 J,       c) 81.03 m/s.
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99 problems: simple harmonic motion  

86.  An object of 397 g is attached to a spring and vibrates in simple harmonic motion with an amplitude of 
4.93 m and a frequency of 1.408 Hz. At t = 0 its position is 4.93 m. Determine:
    a) Force constant of the spring.
    b) Position of the object as a function of time.
    c) Kinetic energy, potential energy, and mechanical energy when the position is 3.155 m.
Answer:  a) 31.09 N/m,    b) x(t) = 4.93 sin(8.85 t + /2),    c) 223.1 J,  154.8 J,  377.8 J.

87.  A 261–g particle attached to a spring vibrates in simple harmonic motion. The position of the particle 
is given by the expression  x(t) = 3.94 sin(14.28 t + /6)  where x is in meters and t is in seconds. Find:
    a) Force constant of the spring.
    b) Frequency of the motion.
    c) Velocity at the equilibrium position.
    d) Mechanical energy of the system.

Answer:  a) 53.22 N/m,    b) 2.273 Hz,    c) 56.26 m/s,    d) 413.1 J.

88.  We have a block of 216 g attached to a spring. The block vibrates in simple harmonic motion with an 
amplitude of 3.52 m and a maximum velocity of 30.72 m/s. At t = 0 its position is 3.52 m. Determine:
    a) Force constant of the spring.
    b) Position of the block as a function of time.
    c) Kinetic energy when the position of the block is 2.675 m.
Answer:  a) 16.45 N/m,    b) x(t) = 3.52 sin(8.727 t + /2),    c) 43.05 J.

89.  A particle of 277 g is attached to a spring with a force constant of 18.93 N/m and vibrates in simple 
harmonic motion with an amplitude of 0.18 m. At t = 0 its position is 0.18 m. Determine:
    a) Frequency of the motion.
    b) Position of the particle as a function of time.
    c) The mechanical energy of the system.
Answer:  a) 1.316 Hz,    b) x(t) = 0.18 sin(8.267 t + /2),    c) 0.3067 J.

90.  A hanging spring stretches by 5.719 cm when a block of mass 130 g is hung on it at rest. In this 
situation, we define its position as x = 0. The block is pulled down an additional 1.7 m and released from 
rest to oscillate. Find:
    a) Force constant of the spring.
    b) Kinetic energy, potential energy, and mechanical energy when the position is 0.85 m.
    c) Maximum velocity of the block.

Answer:  a) 22.28 N/m,    b) 24.14 J,  8.047 J,  32.19 J,       c) 22.25 m/s.
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99 problems: simple harmonic motion  

91.  An object of 336 g is attached to a spring and vibrates in simple harmonic motion with an amplitude of 
3.77 m and a frequency of 1.754 Hz. At t = 0 its position is 3.77 m. Determine:
    a) Force constant of the spring.
    b) Position of the object as a function of time.
    c) Kinetic energy, potential energy, and mechanical energy when the position is 1.546 m.
Answer:  a) 40.83 N/m,    b) x(t) = 3.77 sin(11.02 t + /2),    c) 241.4 J,  48.77 J,  290.1 J.

92.  An 145–g particle attached to a spring vibrates in simple harmonic motion. The position of the particle 
is given by the expression  x(t) = 1.44 sin(13.66 t + /2)  where x is in meters and t is in seconds. Find:
    a) Force constant of the spring.
    b) Frequency of the motion.
    c) Velocity at the equilibrium position.
    d) Mechanical energy of the system.

Answer:  a) 27.05 N/m,    b) 2.174 Hz,    c) 19.67 m/s,    d) 28.05 J.

93.  We have a block of 302 g attached to a spring. The block vibrates in simple harmonic motion with an 
amplitude of 1.41 m and a maximum velocity of 13.22 m/s. At t = 0 its position is 1.41 m. Determine:
    a) Force constant of the spring.
    b) Position of the block as a function of time.
    c) Kinetic energy when the position of the block is 0.8601 m.
Answer:  a) 26.56 N/m,    b) x(t) = 1.41 sin(9.378 t + /2),    c) 16.58 J.

94.  A particle of 133 g is attached to a spring with a force constant of 54.64 N/m and vibrates in simple 
harmonic motion with an amplitude of 0.92 m. At t = 0 its position is 0.92 m. Determine:
    a) Frequency of the motion.
    b) Position of the particle as a function of time.
    c) The mechanical energy of the system.
Answer:  a) 3.226 Hz,    b) x(t) = 0.92 sin(20.27 t + /2),    c) 23.12 J.

95.  A hanging spring stretches by 0.2482 cm when a block of mass 256 g is hung on it at rest. In this 
situation, we define its position as x = 0. The block is pulled down an additional 4.35 m and released from 
rest to oscillate. Find:
    a) Force constant of the spring.
    b) Kinetic energy, potential energy, and mechanical energy when the position is 3.132 m.
    c) Maximum velocity of the block.

Answer:  a) 1011 N/m,    b) 4605 J,  4957 J,  9562 J,       c) 273.3 m/s.
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99 problems: simple harmonic motion  

96.  An object of 235 g is attached to a spring and vibrates in simple harmonic motion with an amplitude of 
4.47 m and a frequency of 3.448 Hz. At t = 0 its position is 4.47 m. Determine:
    a) Force constant of the spring.
    b) Position of the object as a function of time.
    c) Kinetic energy, potential energy, and mechanical energy when the position is 3.531 m.
Answer:  a) 110.3 N/m,    b) x(t) = 4.47 sin(21.67 t + /2),    c) 414.3 J,  687.8 J,  1102 J.

97.  A 259–g particle attached to a spring vibrates in simple harmonic motion. The position of the particle 
is given by the expression  x(t) = 1.36 sin(15.32 t + /2)  where x is in meters and t is in seconds. Find:
    a) Force constant of the spring.
    b) Frequency of the motion.
    c) Velocity at the equilibrium position.
    d) Mechanical energy of the system.

Answer:  a) 60.83 N/m,    b) 2.439 Hz,    c) 20.84 m/s,    d) 56.25 J.

98.  We have a block of 225 g attached to a spring. The block vibrates in simple harmonic motion with an 
amplitude of 1.59 m and a maximum velocity of 15.61 m/s. At t = 0 its position is 1.59 m. Determine:
    a) Force constant of the spring.
    b) Position of the block as a function of time.
    c) Kinetic energy when the position of the block is 0.9381 m.
Answer:  a) 21.69 N/m,    b) x(t) = 1.59 sin(9.817 t + /2),    c) 17.87 J.

99.  A particle of 214 g is attached to a spring with a force constant of 499.9 N/m and vibrates in simple 
harmonic motion with an amplitude of 1.89 m. At t = 0 its position is 0 m. Determine:
    a) Frequency of the motion.
    b) Position of the particle as a function of time.
    c) The mechanical energy of the system.
Answer:  a) 7.692 Hz,    b) x(t) = 1.89 sin(48.33 t),    c) 892.9 J.
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99 problems: gravitational fields  

1.  Find the altitude above the Earth's surface where Earth's gravitational field strength would be 90 % of 
its value at the surface.
Radius of Earth = 6370 km.
Answer: 344.6 km.

2.  Four masses are at the vertices of a square. Find the magnitude of the gravitational force on the mass m1.

Given: m1 = 28 g, m2 = 39 g, m3 = 39 g, m4 = 39 g

r = 22 m. G = 6.674×10–11 N·m2/kg2.

Answer: 2.882×10–16 N.

3.  A satellite has an orbital period of 138.7 minutes and a mean distance of 8878 km from the center of the 
Earth. Find the mass of the Earth and the speed of the satellite.
G = 6.674×10–11 N·m2/kg2.
Answer: a) 5.974×1024 kg,    b) 6701 m/s.
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99 problems: electric fields  

1.  Calculate the magnitude of the electric field due to a 7 µC charge at a point 2.4 m away.
Data: Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 10920 N/C.

2.  A metal sphere has a charge of 10 µC. Find the magnitude and direction of the electric field it produces 
at a point 87 cm away.
Data: Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 1.187×105 N/C,  The electric field points away from metal sphere.

3.  Find the magnitude and direction of the electric force on a charge of 53 mC at a point where the electric 
field is 170 N/C and is directed along the –OY axis.
Answer: 9.01 N,  –OY direction.

4.  Calculate the electric force on a charge of 18 C when it is at a point where the electric field intensity is 
120 N/C.
Answer: 2160 N.

5.  A charge of –75 µC experiences a force of 110 N when in an electric field. Calculate the strength of the 
electric field at the point where the charge is located.
Answer: 1.47×106 N/C.

6.  How much charge does a particle have that experiences a force of 150 N at a point where the electric 
field strength is 1.67×107 N/C?
Answer: 9 µC.

7.  Calculate the force between a 9 µC charge and a 19 µC charge separated by a distance of 2.5 m.
Data: Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 0.2459 N.

8.  A charge of –17 C is located 2.4 m to the right of other charge of 19 C. Find the magnitude and 
direction of the electrostatic force on the negative charge.
Data: Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 5.040×1011 N,  to the left.

9.  At what separation will two charges, each of magnitude 14 µC, exert a force of 1.46 N on each other?
Data: Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 1.1 m.
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10.  Find the magnitude of the electric field due to a 15 µC charge at a point 2 m away.
Data: Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 33710 N/C.

11.  A metal sphere has a charge of 11 C. Find the magnitude and direction of the electric field it produces 
at a point 51 cm away.
Data: Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 3.801×1011 N/C,  The electric field points away from metal sphere.

12.  Find the magnitude and direction of the electric force on a charge of 67 mC at a point where the 
electric field is 1600 N/C and is directed along the –OY axis.
Answer: 107 N,  –OY direction.

13.  Calculate the electric force on a charge of 14 µC when it is at a point where the electric field intensity 
is 400 N/C.
Answer: 5.60×10–3 N.

14.  A charge of 22 C experiences a force of 1300 N when in an electric field. Calculate the strength of the 
electric field at the point where the charge is located.
Answer: 59.1 N/C.

15.  How much charge does a particle have that experiences a force of 90 N at a point where the electric 
field strength is 1.03×106 N/C?
Answer: 87 µC.

16.  Calculate the force between an 11 mC charge and a 16 mC charge separated by a distance of 2.1 m.
Data: Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 3.587×105 N.

17.  A charge of –7 µC is located 2.7 m to the left of other charge of 13 µC. Find the magnitude and 
direction of the electrostatic force on the negative charge.
Data: Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 0.1122 N,  to the right.

18.  At what separation will two charges, each of magnitude 20 C, exert a force of 2.25×1013 N on each 
other?
Data: Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 0.4 m.
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19.  Calculate the magnitude of the electric field due to a 16 mC charge at a point 1.9 m away.
Data: Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 3.984×107 N/C.

20.  A metal sphere has a charge of 7 C. Find the magnitude and direction of the electric field it produces 
at a point 62 cm away.
Data: Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 1.637×1011 N/C,  The electric field points away from metal sphere.

21.  Find the magnitude and direction of the electric force on a charge of 20 C at a point where the electric 
field is 50 N/C and is directed along the +OY axis.
Answer: 1000 N,  +OY direction.

22.  Calculate the electric force on a charge of 28 µC when it is at a point where the electric field intensity 
is 700 N/C.
Answer: 0.0196 N.

23.  A charge of 47 µC experiences a force of 140 N when in an electric field. Calculate the strength of the 
electric field at the point where the charge is located.
Answer: 2.98×106 N/C.

24.  How much charge does a particle have that experiences a force of 50 N at a point where the electric 
field strength is 2000 N/C?
Answer: 25 mC.

25.  Calculate the force between a 20 µC charge and a 9 µC charge separated by a distance of 1.3 m.
Data: Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 0.9573 N.

26.  A charge of 10 C is located 2.7 m to the right of other charge of –7 C. Find the magnitude and 
direction of the electrostatic force on the positive charge.
Data: Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 8.630×1010 N,  to the left.

27.  At what separation will two charges, each of magnitude 5 mC, exert a force of 25000 N on each other?
Data: Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 3 m.
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28.  Find the magnitude of the electric field due to a 17 µC charge at a point 0.5 m away.
Data: Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 6.112×105 N/C.

29.  A metal sphere has a charge of 12 C. Find the magnitude and direction of the electric field it produces 
at a point 66 cm away.
Data: Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 2.476×1011 N/C,  The electric field points away from metal sphere.

30.  Find the magnitude and direction of the electric force on a charge of –22 mC at a point where the 
electric field is 1200 N/C and is directed along the –OY axis.
Answer: 26.4 N,  +OY direction.

31.  Calculate the electric force on a charge of 39 µC when it is at a point where the electric field intensity 
is 500 N/C.
Answer: 0.0195 N.

32.  A charge of 89 mC experiences a force of 400 N when in an electric field. Calculate the strength of the 
electric field at the point where the charge is located.
Answer: 4490 N/C.

33.  How much charge does a particle have that experiences a force of 140 N at a point where the electric 
field strength is 2.15 N/C?
Answer: 65 C.

34.  Four charges are at the vertices of a square. Find the magnitude of the electric force on the charge Q1.

Given: Q1 = –47 µC, Q2 = 84 µC, Q3 = 84 µC, Q4 = 84 µC

r = 38 cm. Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 470.4 N.

35.  Four charges are located in the corners of a square. Calculate the magnitude of the electric field at the 
center of the square.
Given: Q1 = –60 mC, Q2 = –60 mC, Q3 = 60 mC, Q4 = 60 mC

r = 16 cm. Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 1.192×1011 N/C.
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36.  Two charges Q1 = –82 µC and Q2 = 82 µC are at a distance of 58 m from each other. Find the 

magnitude and direction of the electric field at point A.
Data: h = 27 m,  Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 687.2 N/C,  to the left.

37.  Three charges are located in the vertices of an equilateral triangle. Calculate the magnitude and 
direction of the electric force on the charge Q1.

Given: Q1 = –13 µC, Q2 = –32 µC, Q3 = –32 µC, r = 2 cm.

Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 16190 N,  upward.

38.  Three charges are located in the corners of an equilateral triangle. Find the magnitude of the electric 
field at the center of the triangle.
Given: Q1 = –53 µC, Q2 = –53 µC, Q3 = 53 µC, r = 30 m.

Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 3176 N/C.

39.  Four charges are at the vertices of a square. Find the magnitude of the electric force on the charge Q1.

Given: Q1 = –6 C, Q2 = 3 C, Q3 = 3 C, Q4 = 3 C

r = 36 cm. Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 2.390×1012 N.
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40.  Four charges are located in the corners of a square. Calculate the magnitude of the electric field at the 
center of the square.
Given: Q1 = 62 µC, Q2 = 62 µC, Q3 = –62 µC, Q4 = –62 µC

r = 20 cm. Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 7.881×107 N/C.

41.  Two charges Q1 = 82 µC and Q2 = –82 µC are at a distance of 46 m from each other. Find the 

magnitude and direction of the electric field at point A.
Data: h = 22 m,  Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 1052 N/C,  to the right.

42.  Three charges are located in the vertices of an equilateral triangle. Calculate the magnitude and 
direction of the electric force on the charge Q1.

Given: Q1 = 52 µC, Q2 = 19 µC, Q3 = 19 µC, r = 2 m.

Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 3.845 N,  upward.

43.  Three charges are located in the corners of an equilateral triangle. Find the magnitude of the electric 
field at the center of the triangle.
Given: Q1 = –87 µC, Q2 = –87 µC, Q3 = 87 µC, r = 8 cm.

Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 7.331×108 N/C.
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44.  Four charges are at the vertices of a square. Find the magnitude of the electric force on the charge Q1.

Given: Q1 = –37 µC, Q2 = 42 µC, Q3 = 42 µC, Q4 = 42 µC

r = 16 m. Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 0.1044 N.

45.  Four charges are located in the corners of a square. Calculate the magnitude of the electric field at the 
center of the square.
Given: Q1 = 48 µC, Q2 = 48 µC, Q3 = –48 µC, Q4 = –48 µC

r = 22 m. Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 5042 N/C.

46.  Two charges Q1 = 87 mC and Q2 = –87 mC are at a distance of 18 cm from each other. Find the 

magnitude and direction of the electric field at point A.
Data: h = 7 cm,  Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 9.496×1010 N/C,  to the right.

47.  Three charges are located in the vertices of an equilateral triangle. Calculate the magnitude and 
direction of the electric force on the charge Q1.

Given: Q1 = –78 µC, Q2 = 70 µC, Q3 = –70 µC, r = 18 mm.

Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 1.515×105 N,  to the left.
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48.  Three charges are located in the corners of an equilateral triangle. Find the magnitude of the electric 
field at the center of the triangle.
Given: Q1 = –28 mC, Q2 = 28 mC, Q3 = 28 mC, r = 12 m.

Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 1.049×107 N/C.

49.  Four charges are at the vertices of a square. Find the magnitude of the electric force on the charge Q1.

Given: Q1 = 84 C, Q2 = –54 C, Q3 = –54 C, Q4 = –54 C

r = 38 cm. Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 5.405×1014 N.

50.  Four charges are located in the corners of a square. Calculate the magnitude of the electric field at the 
center of the square.
Given: Q1 = 39 µC, Q2 = 39 µC, Q3 = –39 µC, Q4 = –39 µC

r = 4 m. Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 1.239×105 N/C.

51.  Two charges Q1 = –59 C and Q2 = –59 C are at a distance of 50 m from each other. Find the 

magnitude and direction of the electric field at point A.
Data: h = 23 m,  Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 6.222×108 N/C,  downward.
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52.  Three charges are located in the vertices of an equilateral triangle. Calculate the magnitude and 
direction of the electric force on the charge Q1.

Given: Q1 = 13 mC, Q2 = 74 mC, Q3 = –74 mC, r = 14 m.

Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 44110 N,  to the right.

53.  Three charges are located in the corners of an equilateral triangle. Find the magnitude of the electric 
field at the center of the triangle.
Given: Q1 = –52 µC, Q2 = –52 µC, Q3 = 52 µC, r = 36 m.

Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 2164 N/C.

54.  Four charges are at the vertices of a square. Find the magnitude of the electric force on the charge Q1.

Given: Q1 = –59 µC, Q2 = 37 µC, Q3 = 37 µC, Q4 = 37 µC

r = 28 cm. Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 479.1 N.

55.  Four charges are located in the corners of a square. Calculate the magnitude of the electric field at the 
center of the square.
Given: Q1 = –45 µC, Q2 = 45 µC, Q3 = 45 µC, Q4 = 45 µC

r = 20 m. Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 4045 N/C.
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56.  Two charges Q1 = –85 µC and Q2 = –85 µC are at a distance of 34 m from each other. Find the 

magnitude and direction of the electric field at point A.
Data: h = 15 m,  Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 1967 N/C,  downward.

57.  Three charges are located in the vertices of an equilateral triangle. Calculate the magnitude and 
direction of the electric force on the charge Q1.

Given: Q1 = 71 µC, Q2 = 68 µC, Q3 = 68 µC, r = 2 cm.

Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 1.879×105 N,  upward.

58.  Three charges are located in the corners of an equilateral triangle. Find the magnitude of the electric 
field at the center of the triangle.
Given: Q1 = –48 µC, Q2 = 48 µC, Q3 = –48 µC, r = 28 m.

Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 3302 N/C.

59.  Four charges are at the vertices of a square. Find the magnitude of the electric force on the charge Q1.

Given: Q1 = –74 C, Q2 = 16 C, Q3 = 16 C, Q4 = 16 C

r = 40 mm. Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 1.273×1016 N.
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60.  Four charges are located in the corners of a square. Calculate the magnitude of the electric field at the 
center of the square.
Given: Q1 = 16 mC, Q2 = 16 mC, Q3 = –16 mC, Q4 = –16 mC

r = 26 m. Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 1.203×106 N/C.

61.  Two charges Q1 = –36 C and Q2 = 36 C are at a distance of 50 m from each other. Find the magnitude 

and direction of the electric field at point A.
Data: h = 24 m,  Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 3.887×108 N/C,  to the left.

62.  Three charges are located in the vertices of an equilateral triangle. Calculate the magnitude and 
direction of the electric force on the charge Q1.

Given: Q1 = 37 µC, Q2 = –15 µC, Q3 = –15 µC, r = 10 cm.

Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 864 N,  downward.

63.  Three charges are located in the corners of an equilateral triangle. Find the magnitude of the electric 
field at the center of the triangle.
Given: Q1 = –17 mC, Q2 = –17 mC, Q3 = 17 mC, r = 26 mm.

Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 1.356×1012 N/C.
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64.  Four charges are at the vertices of a square. Find the magnitude of the electric force on the charge Q1.

Given: Q1 = –81 µC, Q2 = 32 µC, Q3 = 32 µC, Q4 = 32 µC

r = 40 m. Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 0.02787 N.

65.  Four charges are located in the corners of a square. Calculate the magnitude of the electric field at the 
center of the square.
Given: Q1 = –42 µC, Q2 = 42 µC, Q3 = 42 µC, Q4 = 42 µC

r = 18 m. Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 4660 N/C.

66.  Two charges Q1 = –82 µC and Q2 = –82 µC are at a distance of 52 cm from each other. Find the 

magnitude and direction of the electric field at point A.
Data: h = 24 cm,  Coulomb's constant ke = 8.988×109 N·m2/C2.

Answer: 7.986×106 N/C,  downward.

67.  An electron (m = 9.109×10–31 kg, q = 1.602×10–19 C) placed between two charged parallel plates 
separated by 0.85 m is observed to accelerate at 3.05×1014 m/s2. Find the voltage on the plates.
Answer:  1470 V.

68.  An alpha particle (q = 3.204×10–19 C) moves between two parallel plates 1.35 m apart with a potential 
difference of 350 V between them. Calculate the force that acts on the particle.
Answer:  8.31×10–17 N.

69.  An electron (m = 9.109×10–31 kg, q = 1.602×10–19 C) is accelerated from rest between two parallel 
plates. The potential difference between the plates is 400 V. Find the speed of the electron when it reaches 
the positive plate.
Answer:  1.19×107 m/s.
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70.  A completely ionized carbon atom (net charge = +6e) is accelerated through a potential difference of 
150 V. Calculate the increase in kinetic energy (in Joules and eV) of the ionized atom.
    Data: e = 1.602×10–19 C,  1 eV = 1.602×10–19 J.
Answer:  1.44×10–16 J = 900 eV.

71.  The work required to move a 46 µC charge from point A to point B is 0.0184 J. Find the potential 
difference between the two points.
Answer:  400 V.

72.  An electron (q = 1.602×10–19 C) gains 8.81×10–18 J as it moves between two parallel plates. Calculate 
the potential difference on the plates.
Answer:  55 V.

73.  An electron (m = 9.109×10–31 kg, q = 1.602×10–19 C) placed between two charged parallel plates 
separated by 1.1 m is observed to accelerate at 3.75×1014 m/s2. Find the voltage on the plates.
Answer:  2350 V.

74.  An electron (q = 1.602×10–19 C) moves between two parallel plates 0.8 m apart with a potential 
difference of 1300 V between them. Find the force that acts on the electron.
Answer:  2.60×10–16 N.

75.  An electron (m = 9.109×10–31 kg, q = 1.602×10–19 C) is accelerated with 1 V potential diference. Find 
its end speed.
Answer:  5.93×105 m/s.

76.  A completely ionized lithium atom (net charge = +3e) is accelerated through a potential difference of 
190 V. Calculate the increase in kinetic energy (in Joules and eV) of the ionized atom.
    Data: e = 1.602×10–19 C,  1 eV = 1.602×10–19 J.
Answer:  9.13×10–17 J = 570 eV.

77.  The work required to move a 33 µC charge from point A to point B is 4.95×10–3 J. Find the potential 
difference between the two points.
Answer:  150 V.

78.  An electron (q = 1.602×10–19 C) gains 1.60×10–18 J as it moves between two parallel plates. Calculate 
the potential difference on the plates.
Answer:  10 V.

79.  An electron (m = 9.109×10–31 kg, q = 1.602×10–19 C) placed between two charged parallel plates 
separated by 0.65 m is observed to accelerate at 3.40×1014 m/s2. Find the voltage on the plates.
Answer:  1260 V.
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80.  A proton (q = 1.602×10–19 C) moves between two parallel plates 0.75 m apart with a potential 
difference of 550 V between them. Calculate the force that acts on the proton.
Answer:  1.17×10–16 N.

81.  An alpha particle (m = 6.645×10–27 kg, q = 3.204×10–19 C) is accelerated from rest between two 
parallel plates. The potential difference between the plates is 65 V. Find the speed of the particle when it 
reaches the negative plate.
Answer:  79200 m/s.

82.  A completely ionized neon atom (net charge = +10e) is accelerated through a potential difference of 
115 V. Calculate the increase in kinetic energy (in Joules and eV) of the ionized atom.
    Data: e = 1.602×10–19 C,  1 eV = 1.602×10–19 J.
Answer:  1.84×10–16 J = 1150 eV.

83.  The work required to move a 95 µC charge from point A to point B is 4.75×10–3 J. Find the potential 
difference between the two points.
Answer:  50 V.

84.  An electron (q = 1.602×10–19 C) gains 2.56×10–17 J as it moves between two parallel plates. Calculate 
the potential difference on the plates.
Answer:  160 V.

85.  An electron (m = 9.109×10–31 kg, q = 1.602×10–19 C) placed between two charged parallel plates 
separated by 0.2 m is observed to accelerate at 3.00×1014 m/s2. Find the voltage on the plates.
Answer:  341 V.

86.  An alpha particle (q = 3.204×10–19 C) moves between two parallel plates 1.55 m apart with a potential 
difference of 1900 V between them. Calculate the force that acts on the particle.
Answer:  3.93×10–16 N.

87.  An alpha particle (m = 6.645×10–27 kg, q = 3.204×10–19 C) is accelerated with 20 V potential 
diference. Find its end speed.
Answer:  43900 m/s.

88.  A completely ionized oxygen atom (net charge = +8e) is accelerated through a potential difference of 
600 V. Calculate the increase in kinetic energy (in Joules and eV) of the ionized atom.
    Data: e = 1.602×10–19 C,  1 eV = 1.602×10–19 J.
Answer:  7.69×10–16 J = 4800 eV.

89.  The work required to move a 6 µC charge from point A to point B is 7.20×10–4 J. Find the potential 
difference between the two points.
Answer:  120 V.
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90.  An electron (q = 1.602×10–19 C) gains 1.44×10–16 J as it moves between two parallel plates. Calculate 
the potential difference on the plates.
Answer:  900 V.

91.  An electron (m = 9.109×10–31 kg, q = 1.602×10–19 C) placed between two charged parallel plates 
separated by 1.5 m is observed to accelerate at 8.00×1013 m/s2. Find the voltage on the plates.
Answer:  682 V.

92.  An electron (q = 1.602×10–19 C) moves between two parallel plates 1.2 m apart with a potential 
difference of 190 V between them. Find the force that acts on the electron.
Answer:  2.54×10–17 N.

93.  A proton (m = 1.673×10–27 kg, q = 1.602×10–19 C) is accelerated with 2.5 V potential diference. 
Determine its end speed.
Answer:  21900 m/s.

94.  A completely ionized beryllium atom (net charge = +4e) is accelerated through a potential difference 
of 155 V. Calculate the increase in kinetic energy (in Joules and eV) of the ionized atom.
    Data: e = 1.602×10–19 C,  1 eV = 1.602×10–19 J.
Answer:  9.93×10–17 J = 620 eV.

95.  The work required to move a 70 µC charge from point A to point B is 0.105 J. Find the potential 
difference between the two points.
Answer:  1500 V.

96.  An electron (q = 1.602×10–19 C) gains 8.01×10–17 J as it moves between two parallel plates. Calculate 
the potential difference on the plates.
Answer:  500 V.

97.  An electron (m = 9.109×10–31 kg, q = 1.602×10–19 C) placed between two charged parallel plates 
separated by 0.75 m is observed to accelerate at 2.95×1014 m/s2. Find the voltage on the plates.
Answer:  1260 V.

98.  An electron (q = 1.602×10–19 C) moves between two parallel plates 1.75 m apart with a potential 
difference of 1850 V between them. Find the force that acts on the electron.
Answer:  1.69×10–16 N.

15



99 problems: electric fields  

99.  An electron (m = 9.109×10–31 kg, q = 1.602×10–19 C) is accelerated from rest between two parallel 
plates. The potential difference between the plates is 1350 V. Find the speed of the electron when it 
reaches the positive plate.
Answer:  2.18×107 m/s.
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1.  For the circuit shown below the capacitances are C1 = 13 µF,  C2 = 30 µF and C3 = 27 µF. The circuit 

applied voltage is VA–VB = 11 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 70 µF,     b) 330 µC,     c) 11 V.

2.  For the circuit shown below the capacitances are C1 = 29 µF,  C2 = 12 µF and C3 = 28 µF. The circuit 

applied voltage is VA–VB = 38 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 36.49 µF,     b) 322.5 µC,     c) 26.88 V.

3.  For the circuit shown below the capacitances are C1 = 8 µF,  C2 = 5 µF,  C3 = 15 µF and C4 = 10 µF. 

The circuit applied voltage is VA–VB = 23 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 9.077 µF,     b) 70.77 µC,     c) 14.15 V.

4.  For the circuit shown below the capacitances are C1 = 7 µF,  C2 = 16 µF,  C3 = 24 µF,  C4 = 20 µF and 

C5 = 21 µF. The circuit applied voltage is VA–VB = 38 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 39.11 µF,     b) 185 µC,     c) 11.57 V.

5.  For the circuit shown below the capacitances are C1 = 7 µF and C2 = 26 µF. The circuit applied voltage 

is VA–VB = 11 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 5.515 µF,     b) 60.67 µC,     c) 2.333 V.
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6.  For the circuit shown below the capacitances are C1 = 12 µF and C2 = 15 µF. The circuit applied 

voltage is VA–VB = 19 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 27 µF,     b) 285 µC,     c) 19 V.

7.  For the circuit shown below the capacitances are C1 = 3 µF,  C2 = 23 µF and C3 = 17 µF. The circuit 

applied voltage is VA–VB = 8 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 2.791 µF,     b) 12.84 µC,     c) 0.5581 V.

8.  For the circuit shown below the capacitances are C1 = 13 µF,  C2 = 14 µF and C3 = 13 µF. The circuit 

applied voltage is VA–VB = 45 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 4.439 µF,     b) 199.8 µC,     c) 14.27 V.

9.  For the circuit shown below the capacitances are C1 = 27 µF,  C2 = 19 µF and C3 = 3 µF. The circuit 

applied voltage is VA–VB = 6 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 49 µF,     b) 114 µC,     c) 6 V.

10.  For the circuit shown below the capacitances are C1 = 15 µF,  C2 = 13 µF and C3 = 17 µF. The circuit 

applied voltage is VA–VB = 26 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 23.96 µF,     b) 181.1 µC,     c) 13.93 V.
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11.  For the circuit shown below the capacitances are C1 = 6 µF,  C2 = 21 µF,  C3 = 25 µF and C4 = 5 µF. 

The circuit applied voltage is VA–VB = 15 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 8.833 µF,     b) 70 µC,     c) 3.333 V.

12.  For the circuit shown below the capacitances are C1 = 15 µF,  C2 = 6 µF,  C3 = 10 µF,  C4 = 17 µF and 

C5 = 10 µF. The circuit applied voltage is VA–VB = 33 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 20.58 µF,     b) 141.4 µC,     c) 23.57 V.

13.  For the circuit shown below the capacitances are C1 = 10 µF and C2 = 2 µF. The circuit applied 

voltage is VA–VB = 11 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 1.667 µF,     b) 18.33 µC,     c) 9.167 V.

14.  For the circuit shown below the capacitances are C1 = 19 µF and C2 = 17 µF. The circuit applied 

voltage is VA–VB = 25 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 36 µF,     b) 425 µC,     c) 25 V.

15.  For the circuit shown below the capacitances are C1 = 2 µF,  C2 = 18 µF and C3 = 11 µF. The circuit 

applied voltage is VA–VB = 9 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 1.871 µF,     b) 10.45 µC,     c) 0.5806 V.
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16.  For the circuit shown below the capacitances are C1 = 16 µF,  C2 = 7 µF and C3 = 15 µF. The circuit 

applied voltage is VA–VB = 7 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 3.676 µF,     b) 25.73 µC,     c) 3.676 V.

17.  For the circuit shown below the capacitances are C1 = 5 µF,  C2 = 11 µF and C3 = 13 µF. The circuit 

applied voltage is VA–VB = 19 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 29 µF,     b) 209 µC,     c) 19 V.

18.  For the circuit shown below the capacitances are C1 = 14 µF,  C2 = 25 µF and C3 = 26 µF. The circuit 

applied voltage is VA–VB = 34 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 34.97 µF,     b) 305.1 µC,     c) 12.21 V.

19.  For the circuit shown below the capacitances are C1 = 8 µF,  C2 = 3 µF,  C3 = 15 µF and C4 = 12 µF. 

The circuit applied voltage is VA–VB = 30 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 8.848 µF,     b) 65.45 µC,     c) 21.82 V.

20.  For the circuit shown below the capacitances are C1 = 30 µF,  C2 = 7 µF,  C3 = 25 µF,  C4 = 7 µF and 

C5 = 15 µF. The circuit applied voltage is VA–VB = 50 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 35.45 µF,     b) 283.8 µC,     c) 40.54 V.
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21.  For the circuit shown below the capacitances are C1 = 24 µF and C2 = 26 µF. The circuit applied 

voltage is VA–VB = 32 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 12.48 µF,     b) 399.4 µC,     c) 15.36 V.

22.  For the circuit shown below the capacitances are C1 = 11 µF and C2 = 25 µF. The circuit applied 

voltage is VA–VB = 22 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 36 µF,     b) 550 µC,     c) 22 V.

23.  For the circuit shown below the capacitances are C1 = 29 µF,  C2 = 12 µF and C3 = 26 µF. The circuit 

applied voltage is VA–VB = 27 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 16.45 µF,     b) 140.2 µC,     c) 11.69 V.

24.  For the circuit shown below the capacitances are C1 = 10 µF,  C2 = 9 µF and C3 = 24 µF. The circuit 

applied voltage is VA–VB = 34 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 3.956 µF,     b) 134.5 µC,     c) 14.95 V.

25.  For the circuit shown below the capacitances are C1 = 22 µF,  C2 = 21 µF and C3 = 17 µF. The circuit 

applied voltage is VA–VB = 10 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 60 µF,     b) 210 µC,     c) 10 V.
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26.  For the circuit shown below the capacitances are C1 = 9 µF,  C2 = 21 µF and C3 = 5 µF. The circuit 

applied voltage is VA–VB = 45 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 11.3 µF,     b) 283.5 µC,     c) 13.5 V.

27.  For the circuit shown below the capacitances are C1 = 27 µF,  C2 = 7 µF,  C3 = 16 µF and C4 = 10 µF. 

The circuit applied voltage is VA–VB = 50 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 11.71 µF,     b) 277.9 µC,     c) 39.71 V.

28.  For the circuit shown below the capacitances are C1 = 5 µF,  C2 = 11 µF,  C3 = 12 µF,  C4 = 29 µF and 

C5 = 29 µF. The circuit applied voltage is VA–VB = 49 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 29.94 µF,     b) 168.4 µC,     c) 15.31 V.

29.  For the circuit shown below the capacitances are C1 = 26 µF and C2 = 3 µF. The circuit applied 

voltage is VA–VB = 5 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 2.69 µF,     b) 13.45 µC,     c) 4.483 V.

30.  For the circuit shown below the capacitances are C1 = 11 µF and C2 = 26 µF. The circuit applied 

voltage is VA–VB = 19 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 37 µF,     b) 494 µC,     c) 19 V.
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31.  For the circuit shown below the capacitances are C1 = 26 µF,  C2 = 8 µF and C3 = 16 µF. The circuit 

applied voltage is VA–VB = 47 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 12.48 µF,     b) 195.5 µC,     c) 24.44 V.

32.  For the circuit shown below the capacitances are C1 = 17 µF,  C2 = 6 µF and C3 = 12 µF. The circuit 

applied voltage is VA–VB = 43 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 3.238 µF,     b) 139.2 µC,     c) 23.21 V.

33.  For the circuit shown below the capacitances are C1 = 27 µF,  C2 = 14 µF and C3 = 23 µF. The circuit 

applied voltage is VA–VB = 43 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 64 µF,     b) 602 µC,     c) 43 V.

34.  For the circuit shown below the capacitances are C1 = 11 µF,  C2 = 9 µF and C3 = 28 µF. The circuit 

applied voltage is VA–VB = 11 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 32.95 µF,     b) 54.45 µC,     c) 6.05 V.

35.  For the circuit shown below the capacitances are C1 = 27 µF,  C2 = 19 µF,  C3 = 29 µF and 

C4 = 18 µF. The circuit applied voltage is VA–VB = 39 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 22.26 µF,     b) 434.9 µC,     c) 22.89 V.

36.  For the circuit shown below the capacitances are C1 = 27 µF,  C2 = 13 µF,  C3 = 22 µF,  C4 = 21 µF 

and C5 = 17 µF. The circuit applied voltage is VA–VB = 46 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.
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Answer:  a) 40.17 µF,     b) 403.6 µC,     c) 31.05 V.

37.  For the circuit shown below the capacitances are C1 = 22 µF and C2 = 14 µF. The circuit applied 

voltage is VA–VB = 20 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 8.556 µF,     b) 171.1 µC,     c) 12.22 V.

38.  For the circuit shown below the capacitances are C1 = 8 µF and C2 = 20 µF. The circuit applied 

voltage is VA–VB = 26 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 28 µF,     b) 520 µC,     c) 26 V.

39.  For the circuit shown below the capacitances are C1 = 24 µF,  C2 = 13 µF and C3 = 14 µF. The circuit 

applied voltage is VA–VB = 46 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 12.71 µF,     b) 281.4 µC,     c) 21.65 V.

40.  For the circuit shown below the capacitances are C1 = 4 µF,  C2 = 17 µF and C3 = 14 µF. The circuit 

applied voltage is VA–VB = 23 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 2.63 µF,     b) 60.49 µC,     c) 3.558 V.

41.  For the circuit shown below the capacitances are C1 = 15 µF,  C2 = 8 µF and C3 = 9 µF. The circuit 

applied voltage is VA–VB = 15 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 32 µF,     b) 120 µC,     c) 15 V.
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42.  For the circuit shown below the capacitances are C1 = 28 µF,  C2 = 13 µF and C3 = 27 µF. The circuit 

applied voltage is VA–VB = 20 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 35.88 µF,     b) 177.6 µC,     c) 13.66 V.

43.  For the circuit shown below the capacitances are C1 = 16 µF,  C2 = 7 µF,  C3 = 13 µF and C4 = 7 µF. 

The circuit applied voltage is VA–VB = 40 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 9.42 µF,     b) 194.8 µC,     c) 27.83 V.

44.  For the circuit shown below the capacitances are C1 = 29 µF,  C2 = 18 µF,  C3 = 5 µF,  C4 = 17 µF and 

C5 = 20 µF. The circuit applied voltage is VA–VB = 20 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 25.3 µF,     b) 222.1 µC,     c) 12.34 V.

45.  For the circuit shown below the capacitances are C1 = 25 µF and C2 = 8 µF. The circuit applied 

voltage is VA–VB = 27 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 6.061 µF,     b) 163.6 µC,     c) 20.45 V.

46.  For the circuit shown below the capacitances are C1 = 3 µF and C2 = 7 µF. The circuit applied voltage 

is VA–VB = 27 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 10 µF,     b) 189 µC,     c) 27 V.
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47.  For the circuit shown below the capacitances are C1 = 23 µF,  C2 = 26 µF and C3 = 23 µF. The circuit 

applied voltage is VA–VB = 9 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 15.65 µF,     b) 74.75 µC,     c) 2.875 V.

48.  For the circuit shown below the capacitances are C1 = 6 µF,  C2 = 27 µF and C3 = 3 µF. The circuit 

applied voltage is VA–VB = 38 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 1.862 µF,     b) 70.76 µC,     c) 2.621 V.

49.  For the circuit shown below the capacitances are C1 = 20 µF,  C2 = 16 µF and C3 = 6 µF. The circuit 

applied voltage is VA–VB = 36 V. Find:

  a) Circuit's equivalent capacitance.
  b) Charge stored on capacitor C2.

  c) Potential difference across C2.

Answer:  a) 42 µF,     b) 576 µC,     c) 36 V.

50.  A 91 nF capacitor is charged with 78.71 µC. Find the voltage and the energy stored.
Answer:  865 V,   34.04 mJ.

51.  A capacitor is connected across a 265 V supply. If the energy stored is 19.84 J, find:
     a) The capacitance of the capacitor.
     b) The charge on the capacitor.
Answer:  a) 565 µF,    b) 149.7 mC.

52.  a) Calculate the energy stored in an 131 nF capacitor when charged to 20 V.
b) Find also the charge on the capacitor.
Answer:  a) 26.2 µJ,    b) 2.62 µC.

53.  A 750 µF capacitor is required to store 219.5 J of energy. Find:
     a) Potential difference to which the capacitor must be charged.
     b) The charge on the capacitor.
Answer:  a) 765 V,    b) 573.8 mC.
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54.  A 261 nF capacitor is charged to a potential difference of 810 V.
     a) Find the charge on the capacitor.
     b) Calculate the energy stored.
Answer:  a) 211.4 µC,    b) 85.62 mJ.

55.  A capacitor is charged with 140.3 mC. If the energy stored is 35.76 J, find:
     a) The voltage applied.
     b) The capacitance of the capacitor.
Answer:  a) 510 V,    b) 275 µF.

56.  When a capacitor is connected across a 645 V supply the charge is 112.9 mC. Determine:
     a) The capacitance of the capacitor.
     b) The energy stored in the capacitor.
Answer:  a) 175 µF,    b) 36.4 J.

57.  A 936 nF capacitor is charged with 332.3 µC. Find the voltage and the energy stored.
Answer:  355 V,   58.98 mJ.

58.  A capacitor is connected across a 320 V supply. If the energy stored is 35.84 J, find:
     a) The capacitance of the capacitor.
     b) The charge on the capacitor.
Answer:  a) 700 µF,    b) 224 mC.

59.  a) Calculate the energy stored in a 415 µF capacitor when charged to 705 V.
b) Find also the charge on the capacitor.
Answer:  a) 103.1 J,    b) 292.6 mC.

60.  A 261 nF capacitor is required to store 16.91 mJ of energy. Find:
     a) Potential difference to which the capacitor must be charged.
     b) The charge on the capacitor.
Answer:  a) 360 V,    b) 93.96 µC.

61.  A 65 µF capacitor is charged to a potential difference of 580 V.
     a) Find the charge on the capacitor.
     b) Calculate the energy stored.
Answer:  a) 37.7 mC,    b) 10.93 J.

62.  A capacitor is charged with 217.2 µC. If the energy stored is 66.23 mJ, find:
     a) The voltage applied.
     b) The capacitance of the capacitor.
Answer:  a) 610 V,    b) 356 nF.
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63.  When a capacitor is connected across a 725 V supply the charge is 15.22 µC. Determine:
     a) The capacitance of the capacitor.
     b) The energy stored in the capacitor.
Answer:  a) 21 nF,    b) 5.519 mJ.

64.  A 496 nF capacitor is charged with 114.1 µC. Find the voltage and the energy stored.
Answer:  230 V,   13.12 mJ.

65.  A capacitor is connected across a 670 V supply. If the energy stored is 111.3 mJ, find:
     a) The capacitance of the capacitor.
     b) The charge on the capacitor.
Answer:  a) 496 nF,    b) 332.3 µC.

66.  a) Calculate the energy stored in a 400 µF capacitor when charged to 505 V.
b) Find also the charge on the capacitor.
Answer:  a) 51.01 J,    b) 202 mC.

67.  A 750 µF capacitor is required to store 84.37 mJ of energy. Find:
     a) Potential difference to which the capacitor must be charged.
     b) The charge on the capacitor.
Answer:  a) 15 V,    b) 11.25 mC.

68.  A 331 nF capacitor is charged to a potential difference of 725 V.
     a) Find the charge on the capacitor.
     b) Calculate the energy stored.
Answer:  a) 240 µC,    b) 86.99 mJ.

69.  A capacitor is charged with 175.9 mC. If the energy stored is 22.43 J, find:
     a) The voltage applied.
     b) The capacitance of the capacitor.
Answer:  a) 255 V,    b) 690 µF.

70.  When a capacitor is connected across a 275 V supply the charge is 234 µC. Determine:
     a) The capacitance of the capacitor.
     b) The energy stored in the capacitor.
Answer:  a) 851 nF,    b) 32.18 mJ.

71.  A 61 nF capacitor is charged with 33.25 µC. Find the voltage and the energy stored.
Answer:  545 V,   9.059 mJ.
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72.  A capacitor is connected across a 200 V supply. If the energy stored is 2.6 J, find:
     a) The capacitance of the capacitor.
     b) The charge on the capacitor.
Answer:  a) 130 µF,    b) 26 mC.

73.  a) Calculate the energy stored in a 590 µF capacitor when charged to 250 V.
b) Find also the charge on the capacitor.
Answer:  a) 18.44 J,    b) 147.5 mC.

74.  An 890 µF capacitor is required to store 2.18 J of energy. Find:
     a) Potential difference to which the capacitor must be charged.
     b) The charge on the capacitor.
Answer:  a) 70 V,    b) 62.3 mC.

75.  An 150 µF capacitor is charged to a potential difference of 520 V.
     a) Find the charge on the capacitor.
     b) Calculate the energy stored.
Answer:  a) 78 mC,    b) 20.28 J.

76.  A capacitor is charged with 230.1 mC. If the energy stored is 44.87 J, find:
     a) The voltage applied.
     b) The capacitance of the capacitor.
Answer:  a) 390 V,    b) 590 µF.

77.  When a capacitor is connected across an 875 V supply the charge is 122.5 mC. Determine:
     a) The capacitance of the capacitor.
     b) The energy stored in the capacitor.
Answer:  a) 140 µF,    b) 53.59 J.

78.  An 821 nF capacitor is charged with 693.7 µC. Find the voltage and the energy stored.
Answer:  845 V,   293.1 mJ.

79.  A capacitor is connected across a 240 V supply. If the energy stored is 20.59 J, find:
     a) The capacitance of the capacitor.
     b) The charge on the capacitor.
Answer:  a) 715 µF,    b) 171.6 mC.

80.  a) Calculate the energy stored in a 475 µF capacitor when charged to 325 V.
b) Find also the charge on the capacitor.
Answer:  a) 25.09 J,    b) 154.4 mC.
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81.  A 615 µF capacitor is required to store 17.71 J of energy. Find:
     a) Potential difference to which the capacitor must be charged.
     b) The charge on the capacitor.
Answer:  a) 240 V,    b) 147.6 mC.

82.  A 265 µF capacitor is charged to a potential difference of 115 V.
     a) Find the charge on the capacitor.
     b) Calculate the energy stored.
Answer:  a) 30.47 mC,    b) 1.752 J.

83.  A capacitor is charged with 31.2 mC. If the energy stored is 2.028 J, find:
     a) The voltage applied.
     b) The capacitance of the capacitor.
Answer:  a) 130 V,    b) 240 µF.

84.  When a capacitor is connected across an 80 V supply the charge is 69.2 mC. Determine:
     a) The capacitance of the capacitor.
     b) The energy stored in the capacitor.
Answer:  a) 865 µF,    b) 2.768 J.

85.  An 171 nF capacitor is charged with 90.63 µC. Find the voltage and the energy stored.
Answer:  530 V,   24.02 mJ.

86.  A capacitor is connected across an 140 V supply. If the energy stored is 6.674 mJ, find:
     a) The capacitance of the capacitor.
     b) The charge on the capacitor.
Answer:  a) 681 nF,    b) 95.34 µC.

87.  a) Calculate the energy stored in a 396 nF capacitor when charged to 455 V.
b) Find also the charge on the capacitor.
Answer:  a) 40.99 mJ,    b) 180.2 µC.

88.  A 256 nF capacitor is required to store 19.97 mJ of energy. Find:
     a) Potential difference to which the capacitor must be charged.
     b) The charge on the capacitor.
Answer:  a) 395 V,    b) 101.1 µC.

89.  A 621 nF capacitor is charged to a potential difference of 375 V.
     a) Find the charge on the capacitor.
     b) Calculate the energy stored.
Answer:  a) 232.9 µC,    b) 43.66 mJ.
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90.  A capacitor is charged with 128.5 µC. If the energy stored is 56.53 mJ, find:
     a) The voltage applied.
     b) The capacitance of the capacitor.
Answer:  a) 880 V,    b) 146 nF.

91.  When a capacitor is connected across a 300 V supply the charge is 133.5 mC. Determine:
     a) The capacitance of the capacitor.
     b) The energy stored in the capacitor.
Answer:  a) 445 µF,    b) 20.02 J.

92.  An 831 nF capacitor is charged with 490.3 µC. Find the voltage and the energy stored.
Answer:  590 V,   144.6 mJ.

93.  A capacitor is connected across an 140 V supply. If the energy stored is 8.193 mJ, find:
     a) The capacitance of the capacitor.
     b) The charge on the capacitor.
Answer:  a) 836 nF,    b) 117 µC.

94.  a) Calculate the energy stored in a 976 nF capacitor when charged to 210 V.
b) Find also the charge on the capacitor.
Answer:  a) 21.52 mJ,    b) 205 µC.

95.  A 636 nF capacitor is required to store 33.59 mJ of energy. Find:
     a) Potential difference to which the capacitor must be charged.
     b) The charge on the capacitor.
Answer:  a) 325 V,    b) 206.7 µC.

96.  A 45 µF capacitor is charged to a potential difference of 480 V.
     a) Find the charge on the capacitor.
     b) Calculate the energy stored.
Answer:  a) 21.6 mC,    b) 5.184 J.

97.  A capacitor is charged with 215.2 µC. If the energy stored is 62.4 mJ, find:
     a) The voltage applied.
     b) The capacitance of the capacitor.
Answer:  a) 580 V,    b) 371 nF.

98.  When a capacitor is connected across a 260 V supply the charge is 169.3 µC. Determine:
     a) The capacitance of the capacitor.
     b) The energy stored in the capacitor.
Answer:  a) 651 nF,    b) 22 mJ.
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99.  A 355 µF capacitor is charged with 78.1 mC. Find the voltage and the energy stored.
Answer:  220 V,   8.591 J.
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99 problems: magnetic fields  

1.  A long straight wire carries a 16 A current. At what distance from the wire is the magnetic field 
2.30×10–5 T?
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 13.9 cm

2.  Calculate the force per unit length between two parallel wires placed 95 cm apart in a vacuum each 
carrying a current of 9 A.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 1.71×10–5 N/m

3.  A wire 1.4 m long carrying a current of 2.5 A is at right angles to a magnetic field. The force on the 
wire is 15 N. Calculate the strength of the magnetic field.
Answer: 4.3 T

4.  A wire 2.85 m long carrying a current of 5.5 A is at an angle of 52° to a 3.35 T magnetic field. Find the 
magnetic force exerted on the wire.
Answer: 41.4 N

5.  Two parallel wires separated by 140 cm carry currents of 9 A and 16 A in opposite directions. Find the 
value of the net magnetic field between the wires at a distance of 25 cm from the 9 A carrying wire. 
Distance is measured between the wires.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 9.98×10–6 T

6.  Two long, parallel wires are 155 cm apart and carry currents of 17 A and 12 A in the same direction. 
Calculate the value of the net magnetic field between the wires at a distance of 95 cm from the wire 
carrying 17 A. Distance is measured between the wires.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 4.21×10–7 T

7.  A horizontal wire 113 cm long and mass 20 g is placed at right angles to a magnetic file of 0.2 T. Find 
the current that must be passed through the wire so that it is self–supporting.
Answer: 0.868 A

8.  A wire of length 1 m carrying a current of 3 A is placed at right angles to a magnetic field of value 
1.95 T. Find the force exerted on the wire.
Answer: 5.85 N

9.  Find the magnetic field at 45 cm distance of a wire carrying 9 A.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 4.00×10–6 T
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99 problems: magnetic fields  

10.  A long straight wire carries a 15 A current. At what distance from the wire is the magnetic field 
9.50×10–6 T?
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 31.6 cm

11.  Calculate the force per unit length between two parallel wires placed 115 cm apart in a vacuum each 
carrying a current of 3 A.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 1.57×10–6 N/m

12.  A wire 3.5 m long carrying a current of 6 A is at right angles to a magnetic field. The force on the wire 
is 46.2 N. Calculate the strength of the magnetic field.
Answer: 2.2 T

13.  A wire 0.95 m long carrying a current of 5.5 A is at an angle of 49° to a 2.5 T magnetic field. Find the 
magnetic force exerted on the wire.
Answer: 9.86 N

14.  Two parallel wires separated by 125 cm carry currents of 5 A and 15 A in opposite directions. Find the 
value of the net magnetic field between the wires at a distance of 100 cm from the 5 A carrying wire. 
Distance is measured between the wires.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 1.30×10–5 T

15.  Two long, parallel wires are 105 cm apart and carry currents of 25 A and 17 A in the same direction. 
Calculate the value of the net magnetic field between the wires at a distance of 80 cm from the wire 
carrying 25 A. Distance is measured between the wires.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 7.35×10–6 T

16.  A horizontal wire 138 cm long and mass 29 g is placed at right angles to a magnetic file of 1.95 T. 
Find the current that must be passed through the wire so that it is self–supporting.
Answer: 0.106 A

17.  A wire of length 2.65 m carrying a current of 3 A is placed at right angles to a magnetic field of value 
2.05 T. Find the force exerted on the wire.
Answer: 16.3 N

18.  Find the magnetic field at 90 cm distance of a wire carrying 2 A.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 4.44×10–7 T
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19.  A long straight wire carries a 16 A current. At what distance from the wire is the magnetic field 
2.25×10–5 T?
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 14.2 cm

20.  Calculate the force per unit length between two parallel wires placed 35 cm apart in a vacuum each 
carrying a current of 13 A.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 9.66×10–5 N/m

21.  A wire 1.15 m long carrying a current of 8.5 A is at right angles to a magnetic field. The force on the 
wire is 36.7 N. Calculate the strength of the magnetic field.
Answer: 3.75 T

22.  A wire 1.8 m long carrying a current of 9.5 A is at an angle of 72° to a 2.6 T magnetic field. Find the 
magnetic force exerted on the wire.
Answer: 42.3 N

23.  Two parallel wires separated by 175 cm carry currents of 16 A and 8 A in opposite directions. Find the 
value of the net magnetic field between the wires at a distance of 85 cm from the 16 A carrying wire. 
Distance is measured between the wires.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 5.54×10–6 T

24.  Two long, parallel wires are 95 cm apart and carry currents of 12 A and 9 A in the same direction. 
Calculate the value of the net magnetic field between the wires at a distance of 10 cm from the wire 
carrying 12 A. Distance is measured between the wires.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 2.19×10–5 T

25.  A horizontal wire 178 cm long and mass 9 g is placed at right angles to a magnetic file of 1.95 T. Find 
the current that must be passed through the wire so that it is self–supporting.
Answer: 0.0254 A

26.  A wire of length 1.5 m carrying a current of 7.5 A is placed at right angles to a magnetic field of value 
2.9 T. Find the force exerted on the wire.
Answer: 32.6 N

27.  Find the magnetic field at 20 cm distance of a wire carrying 18 A.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 1.80×10–5 T
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28.  A long straight wire carries an 11 A current. At what distance from the wire is the magnetic field 
5.50×10–6 T?
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 40 cm

29.  Calculate the force per unit length between two parallel wires placed 40 cm apart in a vacuum each 
carrying a current of 6 A.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 1.80×10–5 N/m

30.  A wire 2.3 m long carrying a current of 2.5 A is at right angles to a magnetic field. The force on the 
wire is 17.5 N. Calculate the strength of the magnetic field.
Answer: 3.05 T

31.  A wire 0.45 m long carrying a current of 1.5 A is at an angle of 68° to an 1.5 T magnetic field. Find 
the magnetic force exerted on the wire.
Answer: 0.939 N

32.  Two parallel wires separated by 105 cm carry currents of 10 A and 2 A in opposite directions. Find the 
value of the net magnetic field between the wires at a distance of 75 cm from the 10 A carrying wire. 
Distance is measured between the wires.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 4.00×10–6 T

33.  Two parallel wires separated by 165 cm carry currents of 6 A and 3 A in the same direction. Find the 
value of the net magnetic field at a distance of 140 cm from the 6 A carrying wire. Distance is measured 
between the wires.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 1.54×10–6 T

34.  A horizontal wire 113 cm long and mass 11 g is placed at right angles to a magnetic file of 1.55 T. 
Find the current that must be passed through the wire so that it is self–supporting.
Answer: 0.0616 A

35.  A wire of length 1.6 m carrying a current of 6.5 A is placed at right angles to a magnetic field of value 
1.35 T. Find the force exerted on the wire.
Answer: 14 N

36.  Find the magnetic field at 110 cm distance of a wire carrying 7 A.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 1.27×10–6 T
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37.  A long straight wire carries a 5 A current. At what distance from the wire is the magnetic field 
8.00×10–6 T?
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 12.5 cm

38.  Find the force per unit length between two parallel wires placed 50 cm apart in a vacuum each 
carrying a current of 18 A.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 1.30×10–4 N/m

39.  A wire 2.4 m long carrying a current of 9.5 A is at right angles to a magnetic field. The force on the 
wire is 35.3 N. Calculate the strength of the magnetic field.
Answer: 1.55 T

40.  A wire 3.05 m long carrying a current of 2 A is at an angle of 63° to a 0.35 T magnetic field. Find the 
magnetic force exerted on the wire.
Answer: 1.9 N

41.  Two parallel wires separated by 50 cm carry currents of 9 A and 14 A in opposite directions. Find the 
value of the net magnetic field between the wires at a distance of 20 cm from the 9 A carrying wire. 
Distance is measured between the wires.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 1.83×10–5 T

42.  Two long, parallel wires are 230 cm apart and carry currents of 15 A and 19 A in the same direction. 
Calculate the value of the net magnetic field between the wires at a distance of 125 cm from the wire 
carrying 15 A. Distance is measured between the wires.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 1.22×10–6 T

43.  A horizontal wire 48 cm long and mass 13 g is placed at right angles to a magnetic file of 1.1 T. Find 
the current that must be passed through the wire so that it is self–supporting.
Answer: 0.241 A

44.  A wire of length 2.75 m carrying a current of 8.5 A is placed at right angles to a magnetic field of 
value 0.65 T. Find the force exerted on the wire.
Answer: 15.2 N

45.  Find the magnetic field at 120 cm distance of a wire carrying 19 A.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 3.17×10–6 T
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46.  A long straight wire carries a 17 A current. At what distance from the wire is the magnetic field 
1.05×10–5 T?
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 32.4 cm

47.  Find the force per unit length between two parallel wires placed 55 cm apart in a vacuum each 
carrying a current of 12 A.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 5.24×10–5 N/m

48.  A wire 3.55 m long carrying a current of 3 A is at right angles to a magnetic field. The force on the 
wire is 9.05 N. Calculate the strength of the magnetic field.
Answer: 0.85 T

49.  A wire 1.7 m long carrying a current of 2.5 A is at an angle of 58° to a 4.15 T magnetic field. Find the 
magnetic force exerted on the wire.
Answer: 15 N

50.  Two parallel wires separated by 255 cm carry currents of 9 A and 3 A in opposite directions. Find the 
value of the net magnetic field between the wires at a distance of 145 cm from the 9 A carrying wire. 
Distance is measured between the wires.
Data: Permeability of vacuum µ0 = 4×10–7 T·m/A.

Answer: 1.79×10–6 T

51.  An alpha particle is traveling at 9.50×106 m/s through a perpendicular magnetic field of strength 1.5 T. 
Find the magnetic force acting on the alpha particle.
Data:  Mass = 6.645×10–27 kg,  charge = 3.204×10–19 C.
Answer: 4.57×10–12 N

52.  An electron is traveling at 1.60×107 m/s through a perpendicular magnetic field of strength 1.15 T. 
Find the magnetic force acting on the electron and its initial acceleration.
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 2.95×10–12 N,   3.24×1018 m/s2

53.  An electron is traveling through a perpendicular magnetic field of strength 1.3 T. If the magnetic force 
that it experiences is 3.12×10–13 N, how fast is the electron moving?
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 1.50×106 m/s
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54.  Calculate the radius of curvature of an alpha particle moving at a speed of 2.30×107 m/s at right angles 
to a magnetic field of value 2.2 T.
Data:  Mass = 6.645×10–27 kg,  charge = 3.204×10–19 C.
Answer: 21.7 cm

55.  Find the magnetic field strength required to make a proton with a speed of 1.85×107 m/s follow a 
circular path of radius 0.102 m.
Data:  Mass = 1.673×10–27 kg,  charge = 1.602×10–19 C.
Answer: 1.9 T

56.  Calculate the kinetic energy (in Joules and electronvolts) of an alpha particle that is traveling through 
a perpendicular magnetic field of value 1.8 T and follows a circular path of radius 8.07×10–3 m.
Data:  Mass = 6.645×10–27 kg,  charge = 3.204×10–19 C,  1 eV = 1.602×10–19 J.
Answer: 1.63×10–15 J = 10200 eV

57.  A proton is travelling with a speed of 1.15×106 m/s enters a magnetic field perpendicular to the field. 
Find the radius of the path of the proton if the value of the field is 0.18 T.
Data:  Mass = 1.673×10–27 kg,  charge = 1.602×10–19 C.
Answer: 6.67 cm

58.  An electron moves at right angles to an 1 T magnetic field. The electron has a velocity of 
9.00×106 m/s. What force acts on the electron? What force acts if the electron moves at an angle of 24° to 
the field?
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 1.44×10–12 N,   5.86×10–13 N

59.  How fast must an electron be traveling through a magnetic field of value 0.016 T if it follows a 
circular path of radius 12.2 mm?
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 3.43×107 m/s

60.  An alpha particle is traveling at 2.50×106 m/s through a perpendicular magnetic field of strength 2.4 T. 
Find the magnetic force acting on the alpha particle.
Data:  Mass = 6.645×10–27 kg,  charge = 3.204×10–19 C.
Answer: 1.92×10–12 N

61.  An electron is traveling at 1.05×107 m/s through a perpendicular magnetic field of strength 0.4 T. Find 
the magnetic force acting on the electron and its initial acceleration.
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 6.73×10–13 N,   7.39×1017 m/s2
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62.  An electron is traveling through a perpendicular magnetic field of strength 3.3 T. If the magnetic force 
that it experiences is 8.99×10–12 N, how fast is the electron moving?
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 1.70×107 m/s

63.  Calculate the radius of curvature of an alpha particle moving at a speed of 2.50×105 m/s at right angles 
to a magnetic field of value 3.45 T.
Data:  Mass = 6.645×10–27 kg,  charge = 3.204×10–19 C.
Answer: 1.50×10–3 m

64.  Find the magnetic field strength required to make a proton with a speed of 1.10×107 m/s follow a 
circular path of radius 0.338 m.
Data:  Mass = 1.673×10–27 kg,  charge = 1.602×10–19 C.
Answer: 0.34 T

65.  Calculate the kinetic energy (in Joules and electronvolts) of an alpha particle that is traveling through 
a perpendicular magnetic field of value 1.1 T and follows a circular path of radius 0.0415 m.
Data:  Mass = 6.645×10–27 kg,  charge = 3.204×10–19 C,  1 eV = 1.602×10–19 J.
Answer: 1.61×10–14 J = 1.00×105 eV

66.  A proton is travelling with a speed of 1.15×107 m/s enters a magnetic field perpendicular to the field. 
Find the radius of the path of the proton if the value of the field is 3.1 T.
Data:  Mass = 1.673×10–27 kg,  charge = 1.602×10–19 C.
Answer: 3.87 cm

67.  An electron moves at right angles to a 3.3 T magnetic field. The electron has a velocity of 
2.20×107 m/s. What force acts on the electron? What force acts if the electron moves at an angle of 50° to 
the field?
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 1.16×10–11 N,   8.91×10–12 N

68.  How fast must an electron be traveling through a magnetic field of value 0.014 T if it follows a 
circular path of radius 9.4 mm?
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 2.31×107 m/s

69.  An alpha particle is traveling at 2.25×107 m/s through a perpendicular magnetic field of strength 
0.55 T. Find the magnetic force acting on the alpha particle.
Data:  Mass = 6.645×10–27 kg,  charge = 3.204×10–19 C.
Answer: 3.96×10–12 N
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70.  An electron is traveling at 4.00×106 m/s through a perpendicular magnetic field of strength 1.3 T. Find 
the magnetic force acting on the electron and its initial acceleration.
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 8.33×10–13 N,   9.15×1017 m/s2

71.  An electron is traveling through a perpendicular magnetic field of strength 2.55 T. If the magnetic 
force that it experiences is 4.90×10–12 N, how fast is the electron moving?
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 1.20×107 m/s

72.  Calculate the radius of curvature of an alpha particle moving at a speed of 1.85×107 m/s at right angles 
to a magnetic field of value 0.22 T.
Data:  Mass = 6.645×10–27 kg,  charge = 3.204×10–19 C.
Answer: 1.74 m

73.  Find the magnetic field strength required to make a proton with a speed of 1.50×105 m/s follow a 
circular path of radius 4.82×10–4 m.
Data:  Mass = 1.673×10–27 kg,  charge = 1.602×10–19 C.
Answer: 3.25 T

74.  Calculate the kinetic energy (in Joules and electronvolts) of an alpha particle that is traveling through 
a perpendicular magnetic field of value 0.21 T and follows a circular path of radius 0.114 m.
Data:  Mass = 6.645×10–27 kg,  charge = 3.204×10–19 C,  1 eV = 1.602×10–19 J.
Answer: 4.39×10–15 J = 27400 eV

75.  A proton is travelling with a speed of 2.35×107 m/s enters a magnetic field perpendicular to the field. 
Find the radius of the path of the proton if the value of the field is 0.195 T.
Data:  Mass = 1.673×10–27 kg,  charge = 1.602×10–19 C.
Answer: 1.26 m

76.  An electron moves at right angles to a 3.1 T magnetic field. The electron has a velocity of 
1.60×107 m/s. What force acts on the electron? What force acts if the electron moves at an angle of 64° to 
the field?
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 7.95×10–12 N,   7.14×10–12 N

77.  How fast must an electron be traveling through a magnetic field of value 0.017 T if it follows a 
circular path of radius 8 mm?
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 2.39×107 m/s
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78.  An alpha particle is traveling at 1.70×107 m/s through a perpendicular magnetic field of strength 
0.35 T. Find the magnetic force acting on the alpha particle.
Data:  Mass = 6.645×10–27 kg,  charge = 3.204×10–19 C.
Answer: 1.91×10–12 N

79.  An electron is traveling at 2.40×107 m/s through a perpendicular magnetic field of strength 2.7 T. Find 
the magnetic force acting on the electron and its initial acceleration.
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 1.04×10–11 N,   1.14×1019 m/s2

80.  An electron is traveling through a perpendicular magnetic field of strength 3.45 T. If the magnetic 
force that it experiences is 2.76×10–12 N, how fast is the electron moving?
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 5.00×106 m/s

81.  Calculate the radius of curvature of an alpha particle moving at a speed of 1.30×107 m/s at right angles 
to a magnetic field of value 1.45 T.
Data:  Mass = 6.645×10–27 kg,  charge = 3.204×10–19 C.
Answer: 18.6 cm

82.  Find the magnetic field strength required to make a proton with a speed of 1.90×107 m/s follow a 
circular path of radius 0.567 m.
Data:  Mass = 1.673×10–27 kg,  charge = 1.602×10–19 C.
Answer: 0.35 T

83.  Calculate the kinetic energy (in Joules and electronvolts) of an alpha particle that is traveling through 
a perpendicular magnetic field of value 0.115 T and follows a circular path of radius 0.243 m.
Data:  Mass = 6.645×10–27 kg,  charge = 3.204×10–19 C,  1 eV = 1.602×10–19 J.
Answer: 6.06×10–15 J = 37800 eV

84.  A proton is travelling with a speed of 2.45×107 m/s enters a magnetic field perpendicular to the field. 
Find the radius of the path of the proton if the value of the field is 0.215 T.
Data:  Mass = 1.673×10–27 kg,  charge = 1.602×10–19 C.
Answer: 1.19 m

85.  An electron moves at right angles to a 2.7 T magnetic field. The electron has a velocity of 
6.00×106 m/s. What force acts on the electron? What force acts if the electron moves at an angle of 60° to 
the field?
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 2.60×10–12 N,   2.25×10–12 N
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86.  How fast must an electron be traveling through a magnetic field of value 3.00×10–3 T if it follows a 
circular path of radius 5.8 mm?
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 3.06×106 m/s

87.  An alpha particle is traveling at 1.40×107 m/s through a perpendicular magnetic field of strength 0.6 T. 
Find the magnetic force acting on the alpha particle.
Data:  Mass = 6.645×10–27 kg,  charge = 3.204×10–19 C.
Answer: 2.69×10–12 N

88.  An electron is traveling at 1.80×107 m/s through a perpendicular magnetic field of strength 2.45 T. 
Find the magnetic force acting on the electron and its initial acceleration.
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 7.06×10–12 N,   7.76×1018 m/s2

89.  An electron is traveling through a perpendicular magnetic field of strength 3.4 T. If the magnetic force 
that it experiences is 8.71×10–12 N, how fast is the electron moving?
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 1.60×107 m/s

90.  Calculate the radius of curvature of an alpha particle moving at a speed of 2.10×106 m/s at right angles 
to a magnetic field of value 0.09 T.
Data:  Mass = 6.645×10–27 kg,  charge = 3.204×10–19 C.
Answer: 48.4 cm

91.  Find the magnetic field strength required to make a proton with a speed of 1.15×106 m/s follow a 
circular path of radius 0.0667 m.
Data:  Mass = 1.673×10–27 kg,  charge = 1.602×10–19 C.
Answer: 0.18 T

92.  Calculate the kinetic energy (in Joules and electronvolts) of an alpha particle that is traveling through 
a perpendicular magnetic field of value 2.85 T and follows a circular path of radius 0.138 m.
Data:  Mass = 6.645×10–27 kg,  charge = 3.204×10–19 C,  1 eV = 1.602×10–19 J.
Answer: 1.20×10–12 J = 7.49×106 eV

93.  A proton is travelling with a speed of 4.50×106 m/s enters a magnetic field perpendicular to the field. 
Find the radius of the path of the proton if the value of the field is 0.17 T.
Data:  Mass = 1.673×10–27 kg,  charge = 1.602×10–19 C.
Answer: 27.6 cm
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94.  An electron moves at right angles to a 2.2 T magnetic field. The electron has a velocity of 
4.50×106 m/s. What force acts on the electron? What force acts if the electron moves at an angle of 42° to 
the field?
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 1.59×10–12 N,   1.06×10–12 N

95.  How fast must an electron be traveling through a magnetic field of value 5.00×10–3 T if it follows a 
circular path of radius 7.6 mm?
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 6.68×106 m/s

96.  An alpha particle is traveling at 1.45×107 m/s through a perpendicular magnetic field of strength 3.5 T. 
Find the magnetic force acting on the alpha particle.
Data:  Mass = 6.645×10–27 kg,  charge = 3.204×10–19 C.
Answer: 1.63×10–11 N

97.  An electron is traveling at 2.05×107 m/s through a perpendicular magnetic field of strength 0.45 T. 
Find the magnetic force acting on the electron and its initial acceleration.
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 1.48×10–12 N,   1.62×1018 m/s2

98.  An electron is traveling through a perpendicular magnetic field of strength 3.2 T. If the magnetic force 
that it experiences is 5.13×10–12 N, how fast is the electron moving?
Data:  Mass = 9.109×10–31 kg,  charge = 1.602×10–19 C.
Answer: 1.00×107 m/s

99.  Calculate the radius of curvature of an alpha particle moving at a speed of 1.70×106 m/s at right angles 
to a magnetic field of value 2.3 T.
Data:  Mass = 6.645×10–27 kg,  charge = 3.204×10–19 C.
Answer: 15.3 mm
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99 problems: magnetic induction  

1.  A 950–turn coil of wire 8 cm in diameter is in a magnetic field that changes from 1.3 T to –1.3 T in 
63 ms. The axis of the coil is parallel to the field. Find the voltage induced in the coil.
Answer: 197.1 V

2.  A 9 cm diameter coil has 80 turns and a resistance of 5.6 . A magnetic field perpendicular to the coil 
is B(t) = –2t2 + 2t, where B is in Tesla and time is in seconds. Find the current induced at 0 s and 4 s.
Answer: –0.1818 A,   1.272 A

3.  A 440–turn coil rotates with a frequency of 140 Hz in a magnetic field of 5.2 T. Find the peak value of 
the induced EMF if the cross section area of the coil is 190 cm2.
Answer: 38.2 kV

4.  A conductor rod 40 cm long is moving perpendicular to a magnetic field of 8.7 T with a speed of 
10 m/s. Find the induced EMF between the ends of the rod.
Answer: 34.8 V

5.  A 960–turn coil of wire 13 cm in diameter is in a magnetic field that changes from –1.6 T to 0 T in 
16 ms. The axis of the coil is parallel to the field. Find the voltage induced in the coil.
Answer: –1274 V

6.  An 11 cm diameter coil has 460 turns and a resistance of 5 . A magnetic field perpendicular to the coil 
is B(t) = –3t2 + 12t, where B is in Tesla and time is in seconds. Find the current induced at 0 s and 3 s.
Answer: –10.49 A,   5.246 A

7.  A 240–turn coil rotates with a frequency of 60 Hz in a magnetic field of 5.1 T. Find the peak value of 
the induced EMF if the cross section area of the coil is 60 cm2.
Answer: 2769 V

8.  A silver bar 75 cm long is perpendicular to an 1 T field and moves at right angles to the field with a 
speed of 31 m/s. Find the EMF induced in the bar.
Answer: 23.25 V

9.  A 530–turn coil of wire 5 cm in diameter is in a magnetic field that changes from 4.1 T to –4.1 T in 
63 ms. The axis of the coil is parallel to the field. Find the voltage induced in the coil.
Answer: 135.5 V

10.  A 6 cm diameter coil has 360 turns and a resistance of 2.1 . A magnetic field perpendicular to the 
coil is B(t) = t2 – 9t, where B is in Tesla and time is in seconds. Find the current induced at 8 s and 11 s.
Answer: –3.393 A,   –6.301 A
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99 problems: magnetic induction  

11.  An 820–turn coil rotates with a frequency of 60 Hz in a magnetic field of 2.3 T. Find the peak value of 
the induced EMF if the cross section area of the coil is 40 cm2.
Answer: 2844 V

12.  A copper bar 35 cm long is perpendicular to an 8.8 T field and moves at right angles to the field with a 
speed of 94 m/s. Calculate the EMF induced in the bar.
Answer: 289.5 V

13.  A 250–turn coil of wire 16 cm in diameter is in a magnetic field that changes from –0.8 T to 0 T in 
70 ms. The axis of the coil is parallel to the field. Find the voltage induced in the coil.
Answer: –57.45 V

14.  A 9 cm diameter coil has 340 turns and a resistance of 5.9 . A magnetic field perpendicular to the 
coil is B(t) = –3t2 + 37t, where B is in Tesla and time is in seconds. Find the current induced at 0 s and 2 s.
Answer: –13.56 A,   –9.165 A

15.  A 210–turn coil rotates with a frequency of 50 Hz in a magnetic field of 7.6 T. Find the peak value of 
the induced EMF if the cross section area of the coil is 150 cm2.
Answer: 7521 V

16.  A copper bar 75 cm long is perpendicular to a 6.6 T field and moves at right angles to the field with a 
speed of 26 m/s. Calculate the EMF induced in the bar.
Answer: 128.7 V

17.  A 350–turn coil of wire 5 cm in diameter is in a magnetic field that changes from –5.3 T to 5.3 T in 
88 ms. The axis of the coil is parallel to the field. Find the voltage induced in the coil.
Answer: –82.78 V

18.  A 7 cm diameter coil has 490 turns and a resistance of 3.1 . A magnetic field perpendicular to the 
coil is B(t) = 4t2 – 28t, where B is in Tesla and time is in seconds. Find the current induced at 2 s and 4 s.
Answer: 7.3 A,   –2.433 A

19.  A 790–turn coil rotates with a frequency of 60 Hz in a magnetic field of 2 T. Find the peak value of 
the induced EMF if the cross section area of the coil is 40 cm2.
Answer: 2383 V

20.  A silver bar 35 cm long is perpendicular to an 8 T field and moves at right angles to the field with a 
speed of 14 m/s. Find the EMF induced in the bar.
Answer: 39.2 V
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99 problems: magnetic induction  

21.  A 910–turn coil of wire 14 cm in diameter is in a magnetic field that changes from –4 T to 0 T in 
23 ms. The axis of the coil is parallel to the field. Find the voltage induced in the coil.
Answer: –2436 V

22.  A 4 cm diameter coil has 850 turns and a resistance of 4.4 . A magnetic field perpendicular to the 
coil is B(t) = –6t2 + 12t, where B is in Tesla and time is in seconds. Find the current induced at 0 s and 3 s.
Answer: –2.913 A,   5.826 A

23.  An 800–turn coil rotates with a frequency of 60 Hz in a magnetic field of 7.4 T. Find the peak value of 
the induced EMF if the cross section area of the coil is 40 cm2.
Answer: 8927 V

24.  A copper bar 25 cm long is perpendicular to a 6.9 T field and moves at right angles to the field with a 
speed of 51 m/s. Calculate the EMF induced in the bar.
Answer: 87.98 V

25.  An 880–turn coil of wire 15 cm in diameter is in a magnetic field that changes from –3.4 T to 0 T in 
31 ms. The axis of the coil is parallel to the field. Find the voltage induced in the coil.
Answer: –1706 V

26.  A 4 cm diameter coil has 750 turns and a resistance of 5.4 . A magnetic field perpendicular to the 
coil is B(t) = 9t2 – 25t, where B is in Tesla and time is in seconds. Find the current induced at 0 s and 3 s.
Answer: 4.363 A,   –5.061 A

27.  A 670–turn coil rotates with a frequency of 60 Hz in a magnetic field of 0.9 T. Find the peak value of 
the induced EMF if the cross section area of the coil is 150 cm2.
Answer: 3410 V

28.  A copper bar 30 cm long is perpendicular to a 7.5 T field and moves at right angles to the field with a 
speed of 48 m/s. Calculate the EMF induced in the bar.
Answer: 108 V

29.  A 760–turn coil of wire 5 cm in diameter is in a magnetic field that changes from 0 T to –0.8 T in 
26 ms. The axis of the coil is parallel to the field. Find the voltage induced in the coil.
Answer: 45.92 V

30.  A 9 cm diameter coil has 870 turns and a resistance of 5.2 . A magnetic field perpendicular to the 
coil is B(t) = –5t2 + 12t, where B is in Tesla and time is in seconds. Find the current induced at 0 s and 3 s.
Answer: –12.77 A,   19.16 A
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31.  An 120–turn coil rotates with a frequency of 50 Hz in a magnetic field of 5.1 T. Find the peak value of 
the induced EMF if the cross section area of the coil is 160 cm2.
Answer: 3076 V

32.  A conductor rod 45 cm long is moving perpendicular to a magnetic field of 8.2 T with a speed of 
42 m/s. Find the induced EMF between the ends of the rod.
Answer: 155 V

33.  A 560–turn coil of wire 17 cm in diameter is in a magnetic field that changes from –5.9 T to 5.9 T in 
78 ms. The axis of the coil is parallel to the field. Find the voltage induced in the coil.
Answer: –1923 V

34.  A 7 cm diameter coil has 220 turns and a resistance of 1.7 . A magnetic field perpendicular to the 
coil is B(t) = 6t2 – 31t, where B is in Tesla and time is in seconds. Find the current induced at 0 s and 2 s.
Answer: 15.44 A,   3.486 A

35.  A 730–turn coil rotates with a frequency of 60 Hz in a magnetic field of 2.8 T. Find the peak value of 
the induced EMF if the cross section area of the coil is 140 cm2.
Answer: 10.8 kV

36.  A silver bar 45 cm long is perpendicular to a 0.8 T field and moves at right angles to the field with a 
speed of 20 m/s. Find the EMF induced in the bar.
Answer: 7.2 V

37.  A 750–turn coil of wire 9 cm in diameter is in a magnetic field that changes from –6 T to 0 T in 
35 ms. The axis of the coil is parallel to the field. Find the voltage induced in the coil.
Answer: –817.9 V

38.  An 8 cm diameter coil has 500 turns and a resistance of 3.7 . A magnetic field perpendicular to the 
coil is B(t) = –3t2 + 13t, where B is in Tesla and time is in seconds. Find the current induced at 0 s and 4 s.
Answer: –8.83 A,   7.472 A

39.  A 400–turn coil rotates with a frequency of 50 Hz in a magnetic field of 8.8 T. Find the peak value of 
the induced EMF if the cross section area of the coil is 190 cm2.
Answer: 21 kV

40.  A copper bar 20 cm long is perpendicular to a 5.5 T field and moves at right angles to the field with a 
speed of 74 m/s. Calculate the EMF induced in the bar.
Answer: 81.4 V
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41.  A 930–turn coil of wire 9 cm in diameter is in a magnetic field that changes from 1.6 T to –1.6 T in 
14 ms. The axis of the coil is parallel to the field. Find the voltage induced in the coil.
Answer: 1352 V

42.  A 9 cm diameter coil has 50 turns and a resistance of 0.7 . A magnetic field perpendicular to the coil 
is B(t) = 3t2 – 22t, where B is in Tesla and time is in seconds. Find the current induced at 0 s and 3 s.
Answer: 9.997 A,   1.818 A

43.  A 370–turn coil rotates with a frequency of 185 Hz in a magnetic field of 2.5 T. Find the peak value of 
the induced EMF if the cross section area of the coil is 110 cm2.
Answer: 11.8 kV

44.  A silver bar 60 cm long is perpendicular to an 8.7 T field and moves at right angles to the field with a 
speed of 52 m/s. Find the EMF induced in the bar.
Answer: 271.4 V

45.  A 340–turn coil of wire 13 cm in diameter is in a magnetic field that changes from –4.3 T to 4.3 T in 
17 ms. The axis of the coil is parallel to the field. Find the voltage induced in the coil.
Answer: –2283 V

46.  A 4 cm diameter coil has 230 turns and a resistance of 3.7 . A magnetic field perpendicular to the 
coil is B(t) = –8t2 + 15t, where B is in Tesla and time is in seconds. Find the current induced at 0 s and 4 s.
Answer: –1.172 A,   3.828 A

47.  A 660–turn coil rotates with a frequency of 50 Hz in a magnetic field of 8 T. Find the peak value of 
the induced EMF if the cross section area of the coil is 60 cm2.
Answer: 9953 V

48.  A silver bar 35 cm long is perpendicular to a 2.3 T field and moves at right angles to the field with a 
speed of 66 m/s. Find the EMF induced in the bar.
Answer: 53.13 V

49.  A 260–turn coil of wire 5 cm in diameter is in a magnetic field that changes from 0 T to –0.4 T in 
74 ms. The axis of the coil is parallel to the field. Find the voltage induced in the coil.
Answer: 2.76 V

50.  A 3 cm diameter coil has 630 turns and a resistance of 5.8 . A magnetic field perpendicular to the 
coil is B(t) = –8t2 + 37t, where B is in Tesla and time is in seconds. Find the current induced at 3 s and 4 s.
Answer: 0.8446 A,   2.073 A
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99 problems: magnetic induction  

51.  A step–up transformer has 230 turns on its primary coil and 2990 turns on its secondary. Find the 
secondary voltage if the primary voltage is 135 V. If the primary current is 4.03 A, what is the secondary 
current?
Answer: 1755 V,    0.31 A

52.  A step–down transformer operates on an 1000 V line and supplies a load with 6.64 A. The ratio of the 
primary turns to the secondary turns is 8:1. Find the secondary voltage and the primary current.
Answer: 125 V,    0.83 A

53.  A transformer for an electric razor converts a 225 V input to a 17.31 V output. a) If the primary coil 
has 2210 turns, how many turns does the secondary have? b) If the secondary current is 10.4 A how much 
current is drawn from the 225 V outlet?
Answer: a) 170 turns,    0.8 A

54.  Find the voltage on the secondary coil of a transformer if the voltage on the primary coil is 2250 V 
and the ratio of primary windings to secondary windings is 15:1.
Answer: 150 V

55.  A step–up transformer has 140 turns on its primary coil and 2660 turns on its secondary. Find the 
secondary voltage if the primary voltage is 90 V. If the primary current is 11.59 A, what is the secondary 
current?
Answer: 1710 V,    0.61 A

56.  A step–down transformer operates on a 4080 V line and supplies a load with 8.33 A. The ratio of the 
primary turns to the secondary turns is 17:1. Find the secondary voltage and the primary current.
Answer: 240 V,    0.49 A

57.  A transformer for an electric razor converts a 215 V input to a 14.33 V output. a) If the primary coil 
has 2400 turns, how many turns does the secondary have? b) If the secondary current is 9.6 A how much 
current is drawn from the 215 V outlet?
Answer: a) 160 turns,    0.64 A

58.  Find the voltage on the secondary coil of a transformer if the voltage on the primary coil is 4655 V 
and the ratio of primary windings to secondary windings is 19:1.
Answer: 245 V

59.  A step–up transformer has 150 turns on its primary coil and 1200 turns on its secondary. Find the 
secondary voltage if the primary voltage is 145 V. If the primary current is 6.48 A, what is the secondary 
current?
Answer: 1160 V,    0.81 A
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99 problems: magnetic induction  

60.  A step–down transformer operates on a 960 V line and supplies a load with 5.46 A. The ratio of the 
primary turns to the secondary turns is 6:1. Find the secondary voltage and the primary current.
Answer: 160 V,    0.91 A

61.  A transformer for an electric razor converts a 230 V input to a 15.33 V output. a) If the primary coil 
has 3600 turns, how many turns does the secondary have? b) If the secondary current is 11.4 A how much 
current is drawn from the 230 V outlet?
Answer: a) 240 turns,    0.76 A

62.  Find the voltage on the secondary coil of a transformer if the voltage on the primary coil is 920 V and 
the ratio of primary windings to secondary windings is 8:1.
Answer: 115 V

63.  A step–up transformer has 80 turns on its primary coil and 1200 turns on its secondary. Find the 
secondary voltage if the primary voltage is 140 V. If the primary current is 10.05 A, what is the secondary 
current?
Answer: 2100 V,    0.67 A

64.  A step–down transformer operates on an 1920 V line and supplies a load with 3 A. The ratio of the 
primary turns to the secondary turns is 12:1. Find the secondary voltage and the primary current.
Answer: 160 V,    0.25 A

65.  A transformer for an electric razor converts a 230 V input to a 12.11 V output. a) If the primary coil 
has 4180 turns, how many turns does the secondary have? b) If the secondary current is 14.44 A how much 
current is drawn from the 230 V outlet?
Answer: a) 220 turns,    0.76 A

66.  Determine the voltage on the secondary coil of a transformer if the voltage on the primary coil is 
2700 V and the ratio of primary turns to secondary turns is 12:1.
Answer: 225 V

67.  A step–up transformer has 120 turns on its primary coil and 1920 turns on its secondary. Find the 
secondary voltage if the primary voltage is 90 V. If the primary current is 15.04 A, what is the secondary 
current?
Answer: 1440 V,    0.94 A

68.  A step–down transformer operates on an 1860 V line and supplies a load with 3.12 A. The ratio of the 
primary turns to the secondary turns is 12:1. Find the secondary voltage and the primary current.
Answer: 155 V,    0.26 A
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99 problems: magnetic induction  

69.  A transformer for an electric razor converts an 150 V input to a 10.71 V output. a) If the primary coil 
has 3220 turns, how many turns does the secondary have? b) If the secondary current is 8.68 A how much 
current is drawn from the 150 V outlet?
Answer: a) 230 turns,    0.62 A

70.  Find the voltage on the secondary coil of a transformer if the voltage on the primary coil is 4320 V 
and the ratio of primary windings to secondary windings is 18:1.
Answer: 240 V

71.  A step–up transformer has 130 turns on its primary coil and 390 turns on its secondary. Find the 
secondary voltage if the primary voltage is 95 V. If the primary current is 2.46 A, what is the secondary 
current?
Answer: 285 V,    0.82 A

72.  A step–down transformer operates on a 3680 V line and supplies a load with 8.48 A. The ratio of the 
primary turns to the secondary turns is 16:1. Find the secondary voltage and the primary current.
Answer: 230 V,    0.53 A

73.  A transformer for an electric razor converts an 120 V input to a 6.316 V output. a) If the primary coil 
has 3610 turns, how many turns does the secondary have? b) If the secondary current is 15.96 A how much 
current is drawn from the 120 V outlet?
Answer: a) 190 turns,    0.84 A

74.  Find the voltage on the secondary coil of a transformer if the voltage on the primary coil is 4750 V 
and the ratio of primary windings to secondary windings is 19:1.
Answer: 250 V

75.  A step–up transformer has 100 turns on its primary coil and 1800 turns on its secondary. Find the 
secondary voltage if the primary voltage is 145 V. If the primary current is 5.94 A, what is the secondary 
current?
Answer: 2610 V,    0.33 A

76.  A step–down transformer operates on an 1560 V line and supplies a load with 10.2 A. The ratio of the 
primary turns to the secondary turns is 12:1. Find the secondary voltage and the primary current.
Answer: 130 V,    0.85 A

77.  A transformer for an electric razor converts a 235 V input to an 18.08 V output. a) If the primary coil 
has 1430 turns, how many turns does the secondary have? b) If the secondary current is 9.36 A how much 
current is drawn from the 235 V outlet?
Answer: a) 110 turns,    0.72 A
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78.  Find the voltage on the secondary coil of a transformer if the voltage on the primary coil is 2125 V 
and the ratio of primary windings to secondary windings is 17:1.
Answer: 125 V

79.  A step–up transformer has 170 turns on its primary coil and 340 turns on its secondary. Find the 
secondary voltage if the primary voltage is 130 V. If the primary current is 1.74 A, what is the secondary 
current?
Answer: 260 V,    0.87 A

80.  A step–down transformer operates on an 1560 V line and supplies a load with 11.31 A. The ratio of 
the primary turns to the secondary turns is 13:1. Find the secondary voltage and the primary current.
Answer: 120 V,    0.87 A

81.  A transformer for an electric razor converts an 125 V input to an 8.929 V output. a) If the primary coil 
has 1260 turns, how many turns does the secondary have? b) If the secondary current is 13.02 A how much 
current is drawn from the 125 V outlet?
Answer: a) 90 turns,    0.93 A

82.  Determine the voltage on the secondary coil of a transformer if the voltage on the primary coil is 
1080 V and the ratio of primary turns to secondary turns is 9:1.
Answer: 120 V

83.  A step–up transformer has 230 turns on its primary coil and 3450 turns on its secondary. Find the 
secondary voltage if the primary voltage is 140 V. If the primary current is 7.8 A, what is the secondary 
current?
Answer: 2100 V,    0.52 A

84.  A step–down transformer operates on a 920 V line and supplies a load with 2.4 A. The ratio of the 
primary turns to the secondary turns is 8:1. Find the secondary voltage and the primary current.
Answer: 115 V,    0.3 A

85.  A transformer for an electric razor converts a 220 V input to a 20 V output. a) If the primary coil has 
2310 turns, how many turns does the secondary have? b) If the secondary current is 9.9 A how much 
current is drawn from the 220 V outlet?
Answer: a) 210 turns,    0.9 A

86.  Determine the voltage on the secondary coil of a transformer if the voltage on the primary coil is 
3750 V and the ratio of primary turns to secondary turns is 15:1.
Answer: 250 V
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87.  A step–up transformer has 160 turns on its primary coil and 1920 turns on its secondary. Find the 
secondary voltage if the primary voltage is 115 V. If the primary current is 6.84 A, what is the secondary 
current?
Answer: 1380 V,    0.57 A

88.  A step–down transformer operates on an 1540 V line and supplies a load with 3.01 A. The ratio of the 
primary turns to the secondary turns is 7:1. Find the secondary voltage and the primary current.
Answer: 220 V,    0.43 A

89.  A transformer for an electric razor converts a 245 V input to a 14.41 V output. a) If the primary coil 
has 2380 turns, how many turns does the secondary have? b) If the secondary current is 9.86 A how much 
current is drawn from the 245 V outlet?
Answer: a) 140 turns,    0.58 A

90.  Find the voltage on the secondary coil of a transformer if the voltage on the primary coil is 2900 V 
and the ratio of primary windings to secondary windings is 20:1.
Answer: 145 V

91.  A step–up transformer has 90 turns on its primary coil and 1260 turns on its secondary. Find the 
secondary voltage if the primary voltage is 100 V. If the primary current is 7.84 A, what is the secondary 
current?
Answer: 1400 V,    0.56 A

92.  A step–down transformer operates on an 1625 V line and supplies a load with 8.32 A. The ratio of the 
primary turns to the secondary turns is 13:1. Find the secondary voltage and the primary current.
Answer: 125 V,    0.64 A

93.  A transformer for an electric razor converts a 240 V input to a 17.14 V output. a) If the primary coil 
has 1400 turns, how many turns does the secondary have? b) If the secondary current is 10.92 A how much 
current is drawn from the 240 V outlet?
Answer: a) 100 turns,    0.78 A

94.  Determine the voltage on the secondary coil of a transformer if the voltage on the primary coil is 
2990 V and the ratio of primary turns to secondary turns is 13:1.
Answer: 230 V

95.  A step–up transformer has 130 turns on its primary coil and 520 turns on its secondary. Find the 
secondary voltage if the primary voltage is 135 V. If the primary current is 3.72 A, what is the secondary 
current?
Answer: 540 V,    0.93 A
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96.  A step–down transformer operates on an 1380 V line and supplies a load with 4.74 A. The ratio of the 
primary turns to the secondary turns is 6:1. Find the secondary voltage and the primary current.
Answer: 230 V,    0.79 A

97.  A transformer for an electric razor converts a 235 V input to a 13.82 V output. a) If the primary coil 
has 2890 turns, how many turns does the secondary have? b) If the secondary current is 7.14 A how much 
current is drawn from the 235 V outlet?
Answer: a) 170 turns,    0.42 A

98.  Find the voltage on the secondary coil of a transformer if the voltage on the primary coil is 2320 V 
and the ratio of primary windings to secondary windings is 16:1.
Answer: 145 V

99.  A step–up transformer has 230 turns on its primary coil and 1150 turns on its secondary. Find the 
secondary voltage if the primary voltage is 75 V. If the primary current is 4.1 A, what is the secondary 
current?
Answer: 375 V,    0.82 A
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99 problems: gases  

1.  A human hand has an area of 110 cm2. Determine the amount of force it experiences at one atmosphere 
of pressure (101325 Pa).
Answer: 1115 N.

2.  If your mass is 50 kg and the total area of the soles of your feet is 485 cm2, what pressure would you 
exert on the ground?
Answer: 10100 N/m2 = 10100 Pa.

3.  Find the pressure exerted on the ground by a three legged milking stool if the stool has a mass of 4 kg, 
the mass of the milker is 76 kg and the legs are circular each with a diameter of 5 cm.
Answer: 1.33×105 N/m2 = 1.33×105 Pa.

4.  A 64–kg man stands on the ground. If the man wears, peculiar, box shaped shoes which measure 
12 cm × 27 cm, a) what pressure (in Pa) is exerted on the ground by the man? b) If he stands on one foot 
what is the pressure?
Answer: a) 9680 Pa,      b) 19400 Pa.

5.  Find the force exerted on the window of a car by the atmosphere, if the window has an area of 
63 cm × 59 cm. Atmospheric pressure = 101325 Pa.
Answer: 37700 N.

6.  An 1120 kg car rests on 4 tires each inflated to 270 kPa. What surface area (in cm2) does each tire have 
in contact with the ground? (assume the weight is evenly distributed on each wheel).
Answer: 102 cm2.

7.  Find the pressure (in pascals) produced by a kilogram of nickel on a horizontal surface if the area it 
rests on is 130 cm2.
Answer: 754 Pa.

8.  Find the pressure (in pascals) exerted on the floor by an 130 N box whose bottom area is 46 cm × 88 cm.
Answer: 321 Pa.

9.  Find the pressure exerted on the ground (in pascals) by a 95 kg person who is sitting on a chair whose 4 
legs touch the ground with an area of 3 cm × 3 cm each.
Answer: 2.59×105 Pa.

10.  Find the force exerted on a 4 m × 29 m wall by the atmosphere, if atmospheric pressure is 101325 Pa.
Answer: 1.18×107 N.
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99 problems: gases  

11.  A human hand has an area of 98 cm2. Determine the amount of force it experiences at one atmosphere 
of pressure (101325 Pa).
Answer: 993 N.

12.  If your mass is 49 kg and the total area of the soles of your feet is 250 cm2, what pressure would you 
exert on the ground?
Answer: 19200 N/m2 = 19200 Pa.

13.  Find the pressure exerted on the ground by a three legged milking stool if the stool has a mass of 7 kg, 
the mass of the milker is 51 kg and the legs are circular each with a diameter of 2 cm.
Answer: 6.03×105 N/m2 = 6.03×105 Pa.

14.  A 62–kg man stands on the ground. If the man wears, peculiar, box shaped shoes which measure 
9 cm × 17 cm, a) what pressure (in Pa) is exerted on the ground by the man? b) If he stands on one foot 
what is the pressure?
Answer: a) 19900 Pa,      b) 39700 Pa.

15.  Find the force exerted on the window of a car by the atmosphere, if the window has an area of 
47 cm × 46 cm. Atmospheric pressure = 101325 Pa.
Answer: 21900 N.

16.  An 1470 kg car rests on 4 tires each inflated to 190 kPa. What surface area (in cm2) does each tire 
have in contact with the ground? (assume the weight is evenly distributed on each wheel).
Answer: 190 cm2.

17.  Find the pressure (in pascals) produced by a kilogram of nickel on a horizontal surface if the area it 
rests on is 350 cm2.
Answer: 280 Pa.

18.  Find the pressure (in pascals) exerted on the floor by a 460 N box whose bottom area is 89 cm × 21 cm.
Answer: 2460 Pa.

19.  Find the pressure exerted on the ground (in pascals) by a 45 kg person who is sitting on a chair whose 
4 legs touch the ground with an area of 4 cm × 4 cm each.
Answer: 68900 Pa.

20.  Find the force exerted on a 7 m × 61 m wall by the atmosphere, if atmospheric pressure is 101325 Pa.
Answer: 4.33×107 N.
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21.  A human hand has an area of 118 cm2. Determine the amount of force it experiences at one 
atmosphere of pressure (101325 Pa).
Answer: 1196 N.

22.  If your mass is 59 kg and the total area of the soles of your feet is 430 cm2, what pressure would you 
exert on the ground?
Answer: 13400 N/m2 = 13400 Pa.

23.  Find the pressure exerted on the ground by a three legged milking stool if the stool has a mass of 8 kg, 
the mass of the milker is 60 kg and the legs are circular each with a diameter of 1 cm.
Answer: 2.83×106 N/m2 = 2.83×106 Pa.

24.  A 70–kg man stands on the ground. If the man wears, peculiar, box shaped shoes which measure 
9 cm × 23 cm, a) what pressure (in Pa) is exerted on the ground by the man? b) If he stands on one foot 
what is the pressure?
Answer: a) 16600 Pa,      b) 33100 Pa.

25.  Find the force exerted on the window of a car by the atmosphere, if the window has an area of 
55 cm × 53 cm. Atmospheric pressure = 101325 Pa.
Answer: 29500 N.

26.  A 2240 kg car rests on 4 tires each inflated to 260 kPa. What surface area (in cm2) does each tire have 
in contact with the ground? (assume the weight is evenly distributed on each wheel).
Answer: 211 cm2.

27.  Find the pressure (in pascals) produced by a kilogram of gold on a horizontal surface if the area it 
rests on is 100 cm2.
Answer: 980 Pa.

28.  Find the pressure (in pascals) exerted on the floor by a 90 N box whose bottom area is 24 cm × 44 cm.
Answer: 852 Pa.

29.  Find the pressure exerted on the ground (in pascals) by a 65 kg person who is sitting on a chair whose 
4 legs touch the ground with an area of 3 cm × 5 cm each.
Answer: 1.06×105 Pa.

30.  Find the force exerted on a 7 m × 45 m wall by the atmosphere, if atmospheric pressure is 101325 Pa.
Answer: 3.19×107 N.
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99 problems: gases  

31.  A human hand has an area of 107 cm2. Determine the amount of force it experiences at one 
atmosphere of pressure (101325 Pa).
Answer: 1084 N.

32.  If your mass is 81 kg and the total area of the soles of your feet is 165 cm2, what pressure would you 
exert on the ground?
Answer: 48100 N/m2 = 48100 Pa.

33.  Find the pressure exerted on the ground by a three legged milking stool if the stool has a mass of 7 kg, 
the mass of the milker is 55 kg and the legs are circular each with a diameter of 1 cm.
Answer: 2.58×106 N/m2 = 2.58×106 Pa.

34.  A 72–kg man stands on the ground. If the man wears, peculiar, box shaped shoes which measure 
11 cm × 27 cm, a) what pressure (in Pa) is exerted on the ground by the man? b) If he stands on one foot 
what is the pressure?
Answer: a) 11900 Pa,      b) 23800 Pa.

35.  Find the force exerted on the window of a car by the atmosphere, if the window has an area of 
37 cm × 55 cm. Atmospheric pressure = 101325 Pa.
Answer: 20600 N.

36.  An 1070 kg car rests on 4 tires each inflated to 140 kPa. What surface area (in cm2) does each tire 
have in contact with the ground? (assume the weight is evenly distributed on each wheel).
Answer: 187 cm2.

37.  Find the pressure (in pascals) produced by a kilogram of gold on a horizontal surface if the area it 
rests on is 250 cm2.
Answer: 392 Pa.

38.  Find the pressure (in pascals) exerted on the floor by an 170 N box whose bottom area is 
70 cm × 28 cm.
Answer: 867 Pa.

39.  Find the pressure exerted on the ground (in pascals) by a 55 kg person who is sitting on a chair whose 
4 legs touch the ground with an area of 3 cm × 3 cm each.
Answer: 1.50×105 Pa.

40.  Find the force exerted on a 7 m × 32 m wall by the atmosphere, if atmospheric pressure is 101325 Pa.
Answer: 2.27×107 N.
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99 problems: gases  

41.  A human hand has an area of 112 cm2. Determine the amount of force it experiences at one 
atmosphere of pressure (101325 Pa).
Answer: 1135 N.

42.  If your mass is 79 kg and the total area of the soles of your feet is 290 cm2, what pressure would you 
exert on the ground?
Answer: 26700 N/m2 = 26700 Pa.

43.  Find the pressure exerted on the ground by a three legged milking stool if the stool has a mass of 6 kg, 
the mass of the milker is 89 kg and the legs are circular each with a diameter of 3 cm.
Answer: 4.39×105 N/m2 = 4.39×105 Pa.

44.  An 83–kg man stands on the ground. If the man wears, peculiar, box shaped shoes which measure 
12 cm × 21 cm, a) what pressure (in Pa) is exerted on the ground by the man? b) If he stands on one foot 
what is the pressure?
Answer: a) 16100 Pa,      b) 32300 Pa.

45.  Find the force exerted on the window of a car by the atmosphere, if the window has an area of 
41 cm × 55 cm. Atmospheric pressure = 101325 Pa.
Answer: 22800 N.

46.  A 910 kg car rests on 4 tires each inflated to 170 kPa. What surface area (in cm2) does each tire have 
in contact with the ground? (assume the weight is evenly distributed on each wheel).
Answer: 131 cm2.

47.  Find the pressure (in pascals) produced by a kilogram of iron on a horizontal surface if the area it rests 
on is 330 cm2.
Answer: 297 Pa.

48.  Find the pressure (in pascals) exerted on the floor by a 280 N box whose bottom area is 75 cm × 57 cm.
Answer: 655 Pa.

49.  Find the pressure exerted on the ground (in pascals) by a 75 kg person who is sitting on a chair whose 
4 legs touch the ground with an area of 1 cm × 2 cm each.
Answer: 9.19×105 Pa.

50.  Find the force exerted on an 8 m × 43 m wall by the atmosphere, if atmospheric pressure is 101325 Pa.
Answer: 3.49×107 N.
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99 problems: gases  

51.  The density of sea water is 1031 kg/m3. Find the absolute pressure, in pascals, at 190 m below the 
surface of the sea. Atmospheric pressure is 101325 Pa.
Answer: 2.021×106 Pa.

52.  At what depth below the surface of the sea is absolute pressure four times atmospheric pressure? 
Atmospheric pressure is 101325 Pa. Density of sea water is 1025 kg/m3.
Answer: 30.26 m.

53.  The density of mercury is 13610 kg/m3, what is the gauge pressure, in pascals, under 15 m of mercury?
Answer: 2.001×106 Pa.

54.  At what depth of mercury would the absolute pressure six times atmospheric pressure? Density of 
mercury is 13590 kg/m3. Atmospheric pressure is 101325 Pa.
Answer: 3.804 m.

55.  My friend goes swimming at diving pool. She goes down to a depth of 10 m. Determine the gauge 
pressure, in pascals, she is experiencing. Density of water is 1000 kg/m3.
Answer: 98000 Pa.

56.  The Puerto Rico Trench reaches a depth of 8.809 km. Determine the absolute pressure at this depth in 
atmospheres and pascals. Atmospheric pressure is 101325 Pa. Density of sea water is 1043 kg/m3.
Answer: 889.6 atm = 9.014×107 Pa.

57.  Find the gauge pressure, in pascals, at a depth of 95 m in fresh water.
Answer: 9.310×105 Pa.

58.  If the density of sea water is 1040 kg/m3, what is the gauge pressure, in pascals, at 62 m below sea 
level?
Answer: 6.319×105 Pa.

59.  The density of sea water is 1042 kg/m3. Find the absolute pressure, in pascals, at 53 m below the 
surface of the sea. Atmospheric pressure is 101325 Pa.
Answer: 6.425×105 Pa.

60.  At what depth below the surface of the sea is absolute pressure six times atmospheric pressure? 
Atmospheric pressure is 101325 Pa. Density of sea water is 1036 kg/m3.
Answer: 49.9 m.

6



99 problems: gases  

61.  The density of mercury is 13590 kg/m3, what is the gauge pressure, in pascals, under 52 m of mercury?
Answer: 6.925×106 Pa.

62.  At what depth of mercury would the absolute pressure six times atmospheric pressure? Density of 
mercury is 13600 kg/m3. Atmospheric pressure is 101325 Pa.
Answer: 3.801 m.

63.  My friend goes swimming at diving pool. She goes down to a depth of 5 m. Determine the gauge 
pressure, in pascals, she is experiencing. Density of water is 1033 kg/m3.
Answer: 50620 Pa.

64.  The Izu–Bonin Trench reaches a depth of 9775 m. Determine the absolute pressure at this depth in 
atmospheres and pascals. Atmospheric pressure is 101325 Pa. Density of sea water is 1038 kg/m3.
Answer: 982.3 atm = 9.954×107 Pa.

65.  Find the gauge pressure, in pascals, at a depth of 131 m in fresh water.
Answer: 1.284×106 Pa.

66.  If the density of sea water is 1036 kg/m3, what is the gauge pressure, in pascals, at 168 m below sea 
level?
Answer: 1.706×106 Pa.

67.  The density of sea water is 1029 kg/m3. Find the absolute pressure, in pascals, at 34 m below the 
surface of the sea. Atmospheric pressure is 101325 Pa.
Answer: 4.442×105 Pa.

68.  At what depth below the surface of the sea is absolute pressure eight times atmospheric pressure? 
Atmospheric pressure is 101325 Pa. Density of sea water is 1033 kg/m3.
Answer: 70.06 m.

69.  The density of mercury is 13560 kg/m3, what is the gauge pressure, in pascals, under 4 m of mercury?
Answer: 5.316×105 Pa.

70.  At what depth of mercury would the absolute pressure six times atmospheric pressure? Density of 
mercury is 13610 kg/m3. Atmospheric pressure is 101325 Pa.
Answer: 3.798 m.

71.  My friend goes swimming at diving pool. She goes down to a depth of 8 m. Determine the gauge 
pressure, in pascals, she is experiencing. Density of water is 1023 kg/m3.
Answer: 80200 Pa.
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99 problems: gases  

72.  The Atacama Trench reaches a depth of 8069 m. Determine the absolute pressure at this depth in 
atmospheres and pascals. Atmospheric pressure is 101325 Pa. Density of sea water is 1027 kg/m3.
Answer: 802.5 atm = 8.131×107 Pa.

73.  Find the gauge pressure, in pascals, at a depth of 84 m in fresh water.
Answer: 8.232×105 Pa.

74.  If the density of sea water is 1039 kg/m3, what is the gauge pressure, in pascals, at 177 m below sea 
level?
Answer: 1.802×106 Pa.

75.  The density of sea water is 1028 kg/m3. Find the absolute pressure, in pascals, at 175 m below the 
surface of the sea. Atmospheric pressure is 101325 Pa.
Answer: 1.864×106 Pa.

76.  At what depth below the surface of the sea is absolute pressure five times atmospheric pressure? 
Atmospheric pressure is 101325 Pa. Density of sea water is 1031 kg/m3.
Answer: 40.11 m.

77.  The density of mercury is 13580 kg/m3, what is the gauge pressure, in pascals, under 68 m of mercury?
Answer: 9.050×106 Pa.

78.  At what depth of mercury would the absolute pressure five times atmospheric pressure? Density of 
mercury is 13550 kg/m3. Atmospheric pressure is 101325 Pa.
Answer: 3.052 m.

79.  My friend goes swimming at diving pool. She goes down to a depth of 15 m. Determine the gauge 
pressure, in pascals, she is experiencing. Density of water is 1039 kg/m3.
Answer: 1.527×105 Pa.

80.  The Philippine Trench reaches a depth of 10.54 km. Determine the absolute pressure at this depth in 
atmospheres and pascals. Atmospheric pressure is 101325 Pa. Density of sea water is 1038 kg/m3.
Answer: 1059 atm = 1.073×108 Pa.

81.  Find the gauge pressure, in pascals, at a depth of 155 m in fresh water.
Answer: 1.519×106 Pa.

82.  If the density of sea water is 1030 kg/m3, what is the gauge pressure, in pascals, at 199 m below sea 
level?
Answer: 2.009×106 Pa.
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99 problems: gases  

83.  The density of sea water is 1032 kg/m3. Find the absolute pressure, in pascals, at 135 m below the 
surface of the sea. Atmospheric pressure is 101325 Pa.
Answer: 1.467×106 Pa.

84.  At what depth below the surface of the sea is absolute pressure seven times atmospheric pressure? 
Atmospheric pressure is 101325 Pa. Density of sea water is 1030 kg/m3.
Answer: 60.23 m.

85.  The density of mercury is 13580 kg/m3, what is the gauge pressure, in pascals, under 52 m of mercury?
Answer: 6.920×106 Pa.

86.  At what depth of mercury would the absolute pressure five times atmospheric pressure? Density of 
mercury is 13600 kg/m3. Atmospheric pressure is 101325 Pa.
Answer: 3.041 m.

87.  My friend goes swimming at diving pool. She goes down to a depth of 12 m. Determine the gauge 
pressure, in pascals, she is experiencing. Density of water is 1026 kg/m3.
Answer: 1.207×105 Pa.

88.  The Kermadec Trench reaches a depth of 10040 m. Determine the absolute pressure at this depth in 
atmospheres and pascals. Atmospheric pressure is 101325 Pa. Density of sea water is 1043 kg/m3.
Answer: 1014 atm = 1.028×108 Pa.

89.  Find the gauge pressure, in pascals, at a depth of 25 m in fresh water.
Answer: 2.450×105 Pa.

90.  If the density of sea water is 1027 kg/m3, what is the gauge pressure, in pascals, at 187 m below sea 
level?
Answer: 1.882×106 Pa.

91.  The density of sea water is 1032 kg/m3. Find the absolute pressure, in pascals, at 102 m below the 
surface of the sea. Atmospheric pressure is 101325 Pa.
Answer: 1.133×106 Pa.

92.  At what depth below the surface of the sea is absolute pressure eight times atmospheric pressure? 
Atmospheric pressure is 101325 Pa. Density of sea water is 1030 kg/m3.
Answer: 70.27 m.

93.  The density of mercury is 13580 kg/m3, what is the gauge pressure, in pascals, under 5 m of mercury?
Answer: 6.654×105 Pa.
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99 problems: gases  

94.  At what depth of mercury would the absolute pressure seven times atmospheric pressure? Density of 
mercury is 13590 kg/m3. Atmospheric pressure is 101325 Pa.
Answer: 4.565 m.

95.  My friend goes swimming at diving pool. She goes down to a depth of 14 m. Determine the gauge 
pressure, in pascals, she is experiencing. Density of water is 1000 kg/m3.
Answer: 1.372×105 Pa.

96.  The Izu–Bonin Trench reaches a depth of 9.779 km. Determine the absolute pressure at this depth in 
atmospheres and pascals. Atmospheric pressure is 101325 Pa. Density of sea water is 1030 kg/m3.
Answer: 975.2 atm = 9.881×107 Pa.

97.  Find the gauge pressure, in pascals, at a depth of 177 m in fresh water.
Answer: 1.735×106 Pa.

98.  If the density of sea water is 1036 kg/m3, what is the gauge pressure, in pascals, at 137 m below sea 
level?
Answer: 1.391×106 Pa.

99.  The density of sea water is 1032 kg/m3. Find the absolute pressure, in pascals, at 52 m below the 
surface of the sea. Atmospheric pressure is 101325 Pa.
Answer: 6.272×105 Pa.
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99 problems: thermal physics  

1.  We heat an 160–g sample of metal from 31 °C to 110 °C. 8.658 kJ of energy is added to it by heat. Find 
out the specific heat of the metal.
Answer:  685 J/(kg·°C).

2.  A 365–g piece of zinc is initially at 125 °C. The piece is dropped into a bucket containing 570 g of 
water at 37 °C. The specific heat of this metal is 387 J/(kg·°C) and the specific heat of water is 
4180 J/(kg·°C). Calculate the final temperature of the system and the energy transfer to the water from the 
metal.
Answer:  41.93 °C,    11.73 kJ.

3.  A 680–g bar of ice is initially at –59 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific heat 
of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Determine how much energy is 
required if the final temperature of the system is to reach 83 °C.
Answer:  545.3 kJ.

4.  A 560–g bar of ice is initially at –40 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific heat 
of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Calculate the final temperature of 
the system if 408.5 kJ of energy is added by heat.
Answer:  75 °C.

5.  A system of 875 g of water is initially at 89 °C. The latent heat vaporization of water is 2260 kJ/kg, the 
specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Determine how 
much energy is required if the final temperature of the system is to reach 115 °C.
Answer:  2045 kJ.

6.  A system of 830 g of water is initially at 75 °C. The latent heat vaporization of water is 2260 kJ/kg, the 
specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Calculate the 
final temperature of the system if 2033 kJ of energy is added by heat.
Answer:  141 °C.

7.  We want heat a 380–g block of gold from 18 °C to 165 °C. The specific heat of gold is 129 J/(kg·°C). 
Calculate the heat we have to add.
Answer:  7.206 kJ.

8.  A 285–g piece of copper is at 18 °C. 12.84 kJ of energy is added to it by heat. The specific heat of 
copper is 385 J/(kg·°C). Determine its final temperature.
Answer:  135 °C.

9.  We heat an 120–g sample of metal from 31 °C to 190 °C. 12.48 kJ of energy is added to it by heat. 
Calculate the specific heat of the metal.
Answer:  654 J/(kg·°C).
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99 problems: thermal physics  

10.  A 385–g piece of tungsten is initially at 240 °C. The piece is dropped into a bucket containing 360 g 
of water at 27 °C. The specific heat of this metal is 134 J/(kg·°C) and the specific heat of water is 
4180 J/(kg·°C). Calculate the final temperature of the system and the energy transfer to the water from the 
metal.
Answer:  34.06 °C,    10.62 kJ.

11.  A 330–g bar of ice is initially at –21 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific heat 
of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Determine how much energy is 
required if the final temperature of the system is to reach 22 °C.
Answer:  154.8 kJ.

12.  An 815–g bar of ice is initially at –51 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific 
heat of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Calculate the final 
temperature of the system if 425.6 kJ of energy is added by heat.
Answer:  20 °C.

13.  A system of 305 g of water is initially at 45 °C. The latent heat vaporization of water is 2260 kJ/kg, 
the specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Determine 
how much energy is required if the final temperature of the system is to reach 233 °C.
Answer:  843.8 kJ.

14.  A system of 235 g of water is initially at 72 °C. The latent heat vaporization of water is 2260 kJ/kg, 
the specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Calculate the 
final temperature of the system if 614.3 kJ of energy is added by heat.
Answer:  214 °C.

15.  We want heat a 385–g block of copper from 13 °C to 95 °C. The specific heat of copper is 
385 J/(kg·°C). Find out the heat we have to add.
Answer:  12.15 kJ.

16.  A 90–g piece of aluminium is at 33 °C. 10.66 kJ of energy is added to it by heat. The specific heat of 
aluminium is 897 J/(kg·°C). Determine its final temperature.
Answer:  165 °C.

17.  We heat a 70–g sample of metal from 24 °C to 130 °C. 1.796 kJ of energy is added to it by heat. 
Calculate the specific heat of the metal.
Answer:  242 J/(kg·°C).
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99 problems: thermal physics  

18.  An 165–g piece of aluminium is initially at 230 °C. The piece is dropped into a bucket containing 
435 g of water at 13 °C. The specific heat of this metal is 897 J/(kg·°C) and the specific heat of water is 
4180 J/(kg·°C). Calculate the final temperature of the system and the energy transfer to the water from the 
metal.
Answer:  29.33 °C,    29.7 kJ.

19.  A 50–g bar of ice is initially at –40 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific heat 
of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Determine how much energy is 
required if the final temperature of the system is to reach 82 °C.
Answer:  37.94 kJ.

20.  An 150–g bar of ice is initially at –12 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific 
heat of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Calculate the final 
temperature of the system if 82.63 kJ of energy is added by heat.
Answer:  46 °C.

21.  A system of 100 g of water is initially at 68 °C. The latent heat vaporization of water is 2260 kJ/kg, 
the specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Determine 
how much energy is required if the final temperature of the system is to reach 215 °C.
Answer:  263.3 kJ.

22.  A system of 490 g of water is initially at 9 °C. The latent heat vaporization of water is 2260 kJ/kg, the 
specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Calculate the 
final temperature of the system if 1319 kJ of energy is added by heat.
Answer:  125 °C.

23.  We want heat a 55–g block of iron from 35 °C to 135 °C. The specific heat of iron is 450 J/(kg·°C). 
Find out the heat we have to add.
Answer:  2.475 kJ.

24.  An 170–g piece of aluminium is at 19 °C. 29.89 kJ of energy is added to it by heat. The specific heat 
of aluminium is 897 J/(kg·°C). Calculate its final temperature.
Answer:  215 °C.

25.  We heat a 310–g sample of metal from 31 °C to 120 °C. 12.66 kJ of energy is added to it by heat. Find 
out the specific heat of the metal.
Answer:  459 J/(kg·°C).
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99 problems: thermal physics  

26.  A 200–g piece of lead is initially at 190 °C. The piece is dropped into a bucket containing 565 g of 
water at 42 °C. The specific heat of this metal is 127 J/(kg·°C) and the specific heat of water is 
4180 J/(kg·°C). Calculate the final temperature of the system and the energy transfer to the water from the 
metal.
Answer:  43.57 °C,    3.719 kJ.

27.  A 645–g bar of ice is initially at –33 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific heat 
of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Determine how much energy is 
required if the final temperature of the system is to reach 86 °C.
Answer:  490.9 kJ.

28.  A 210–g bar of ice is initially at –10 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific heat 
of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Calculate the final temperature of 
the system if 130.6 kJ of energy is added by heat.
Answer:  64 °C.

29.  A system of 210 g of water is initially at 37 °C. The latent heat vaporization of water is 2260 kJ/kg, 
the specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Determine 
how much energy is required if the final temperature of the system is to reach 250 °C.
Answer:  595.4 kJ.

30.  A system of 330 g of water is initially at 19 °C. The latent heat vaporization of water is 2260 kJ/kg, 
the specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Calculate the 
final temperature of the system if 939.9 kJ of energy is added by heat.
Answer:  220 °C.

31.  We want heat a 395–g block of silver from 27 °C to 200 °C. The specific heat of silver is 
233 J/(kg·°C). Calculate the heat we have to add.
Answer:  15.92 kJ.

32.  A 280–g piece of iron is at 33 °C. 7.182 kJ of energy is added to it by heat. The specific heat of iron is 
450 J/(kg·°C). Find out its final temperature.
Answer:  90 °C.

33.  We heat a 395–g sample of metal from 32 °C to 140 °C. 16.89 kJ of energy is added to it by heat. 
Calculate the specific heat of the metal.
Answer:  396 J/(kg·°C).
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99 problems: thermal physics  

34.  An 165–g piece of copper is initially at 210 °C. The piece is dropped into a bucket containing 310 g of 
water at 47 °C. The specific heat of this metal is 385 J/(kg·°C) and the specific heat of water is 
4180 J/(kg·°C). Calculate the final temperature of the system and the energy transfer to the water from the 
metal.
Answer:  54.62 °C,    9.871 kJ.

35.  An 175–g bar of ice is initially at –51 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific 
heat of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Determine how much energy 
is required if the final temperature of the system is to reach 40 °C.
Answer:  106 kJ.

36.  A 755–g bar of ice is initially at –38 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific heat 
of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Calculate the final temperature of 
the system if 566.6 kJ of energy is added by heat.
Answer:  81 °C.

37.  A system of 75 g of water is initially at 9 °C. The latent heat vaporization of water is 2260 kJ/kg, the 
specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Determine how 
much energy is required if the final temperature of the system is to reach 228 °C.
Answer:  218 kJ.

38.  A system of 100 g of water is initially at 56 °C. The latent heat vaporization of water is 2260 kJ/kg, 
the specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Calculate the 
final temperature of the system if 246.7 kJ of energy is added by heat.
Answer:  111 °C.

39.  We want heat an 155–g block of zinc from 31 °C to 200 °C. The specific heat of zinc is 387 J/(kg·°C). 
Calculate the heat we have to add.
Answer:  10.14 kJ.

40.  A 15–g piece of silver is at 23 °C. 304.1 J of energy is added to it by heat. The specific heat of silver 
is 233 J/(kg·°C). Calculate its final temperature.
Answer:  110 °C.

41.  We heat a 255–g sample of metal from 11 °C to 200 °C. 27.04 kJ of energy is added to it by heat. 
Calculate the specific heat of the metal.
Answer:  561 J/(kg·°C).
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42.  An 175–g piece of copper is initially at 125 °C. The piece is dropped into a bucket containing 530 g of 
water at 47 °C. The specific heat of this metal is 385 J/(kg·°C) and the specific heat of water is 
4180 J/(kg·°C). Calculate the final temperature of the system and the energy transfer to the water from the 
metal.
Answer:  49.3 °C,    5.1 kJ.

43.  An 860–g bar of ice is initially at –51 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific 
heat of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Determine how much energy 
is required if the final temperature of the system is to reach 19 °C.
Answer:  445.5 kJ.

44.  An 85–g bar of ice is initially at –8 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific heat 
of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Calculate the final temperature of 
the system if 47.9 kJ of energy is added by heat.
Answer:  51 °C.

45.  A system of 275 g of water is initially at 73 °C. The latent heat vaporization of water is 2260 kJ/kg, 
the specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Determine 
how much energy is required if the final temperature of the system is to reach 211 °C.
Answer:  716 kJ.

46.  A system of 60 g of water is initially at 24 °C. The latent heat vaporization of water is 2260 kJ/kg, the 
specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Calculate the 
final temperature of the system if 155.5 kJ of energy is added by heat.
Answer:  107 °C.

47.  We want heat a 235–g block of zinc from 32 °C to 220 °C. The specific heat of zinc is 387 J/(kg·°C). 
Calculate the heat we have to add.
Answer:  17.1 kJ.

48.  A 220–g piece of aluminium is at 13 °C. 30.98 kJ of energy is added to it by heat. The specific heat of 
aluminium is 897 J/(kg·°C). Determine its final temperature.
Answer:  170 °C.

49.  We heat a 25–g sample of metal from 37 °C to 215 °C. 1.375 kJ of energy is added to it by heat. Find 
out the specific heat of the metal.
Answer:  309 J/(kg·°C).
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50.  An 105–g piece of tungsten is initially at 225 °C. The piece is dropped into a bucket containing 285 g 
of water at 43 °C. The specific heat of this metal is 134 J/(kg·°C) and the specific heat of water is 
4180 J/(kg·°C). Calculate the final temperature of the system and the energy transfer to the water from the 
metal.
Answer:  45.12 °C,    2.531 kJ.

51.  A 335–g bar of ice is initially at –7 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific heat 
of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Determine how much energy is 
required if the final temperature of the system is to reach 86 °C.
Answer:  237.1 kJ.

52.  A 290–g bar of ice is initially at –40 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific heat 
of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Calculate the final temperature of 
the system if 130.3 kJ of energy is added by heat.
Answer:  8 °C.

53.  A system of 675 g of water is initially at 86 °C. The latent heat vaporization of water is 2260 kJ/kg, 
the specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Determine 
how much energy is required if the final temperature of the system is to reach 207 °C.
Answer:  1715 kJ.

54.  A system of 335 g of water is initially at 70 °C. The latent heat vaporization of water is 2260 kJ/kg, 
the specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Calculate the 
final temperature of the system if 902.2 kJ of energy is added by heat.
Answer:  248 °C.

55.  We want heat an 185–g block of iron from 14 °C to 140 °C. The specific heat of iron is 450 J/(kg·°C). 
Find out the heat we have to add.
Answer:  10.49 kJ.

56.  An 125–g piece of tungsten is at 32 °C. 2.312 kJ of energy is added to it by heat. The specific heat of 
tungsten is 134 J/(kg·°C). Calculate its final temperature.
Answer:  170 °C.

57.  We heat a 20–g sample of metal from 12 °C to 95 °C. 1.318 kJ of energy is added to it by heat. Find 
out the specific heat of the metal.
Answer:  794 J/(kg·°C).
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99 problems: thermal physics  

58.  An 160–g piece of lead is initially at 195 °C. The piece is dropped into a bucket containing 300 g of 
water at 10 °C. The specific heat of this metal is 127 J/(kg·°C) and the specific heat of water is 
4180 J/(kg·°C). Calculate the final temperature of the system and the energy transfer to the water from the 
metal.
Answer:  12.95 °C,    3.699 kJ.

59.  A 545–g bar of ice is initially at –54 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific heat 
of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Determine how much energy is 
required if the final temperature of the system is to reach 55 °C.
Answer:  367.7 kJ.

60.  An 810–g bar of ice is initially at –37 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific 
heat of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Calculate the final 
temperature of the system if 609.6 kJ of energy is added by heat.
Answer:  82 °C.

61.  A system of 665 g of water is initially at 87 °C. The latent heat vaporization of water is 2260 kJ/kg, 
the specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Determine 
how much energy is required if the final temperature of the system is to reach 202 °C.
Answer:  1680 kJ.

62.  A system of 375 g of water is initially at 43 °C. The latent heat vaporization of water is 2260 kJ/kg, 
the specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Calculate the 
final temperature of the system if 1047 kJ of energy is added by heat.
Answer:  241 °C.

63.  We want heat a 350–g block of copper from 6 °C to 155 °C. The specific heat of copper is 
385 J/(kg·°C). Calculate the heat we have to add.
Answer:  20.08 kJ.

64.  A 375–g piece of copper is at 14 °C. 26.13 kJ of energy is added to it by heat. The specific heat of 
copper is 385 J/(kg·°C). Calculate its final temperature.
Answer:  195 °C.

65.  We heat a 60–g sample of metal from 5 °C to 185 °C. 7.301 kJ of energy is added to it by heat. Find 
out the specific heat of the metal.
Answer:  676 J/(kg·°C).
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66.  An 190–g piece of zinc is initially at 155 °C. The piece is dropped into a bucket containing 260 g of 
water at 13 °C. The specific heat of this metal is 387 J/(kg·°C) and the specific heat of water is 
4180 J/(kg·°C). Calculate the final temperature of the system and the energy transfer to the water from the 
metal.
Answer:  22 °C,    9.78 kJ.

67.  A 385–g bar of ice is initially at –21 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific heat 
of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Determine how much energy is 
required if the final temperature of the system is to reach 23 °C.
Answer:  182.2 kJ.

68.  A 555–g bar of ice is initially at –46 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific heat 
of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Calculate the final temperature of 
the system if 253.9 kJ of energy is added by heat.
Answer:  7 °C.

69.  A system of 580 g of water is initially at 31 °C. The latent heat vaporization of water is 2260 kJ/kg, 
the specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Determine 
how much energy is required if the final temperature of the system is to reach 177 °C.
Answer:  1571 kJ.

70.  A system of 460 g of water is initially at 87 °C. The latent heat vaporization of water is 2260 kJ/kg, 
the specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Calculate the 
final temperature of the system if 1123 kJ of energy is added by heat.
Answer:  161 °C.

71.  We want heat a 340–g block of aluminium from 16 °C to 165 °C. The specific heat of aluminium is 
897 J/(kg·°C). Calculate the heat we have to add.
Answer:  45.44 kJ.

72.  An 180–g piece of copper is at 27 °C. 12.68 kJ of energy is added to it by heat. The specific heat of 
copper is 385 J/(kg·°C). Determine its final temperature.
Answer:  210 °C.

73.  We heat an 185–g sample of metal from 32 °C to 155 °C. 17.09 kJ of energy is added to it by heat. 
Calculate the specific heat of the metal.
Answer:  751 J/(kg·°C).
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74.  A 250–g piece of lead is initially at 135 °C. The piece is dropped into a bucket containing 220 g of 
water at 44 °C. The specific heat of this metal is 127 J/(kg·°C) and the specific heat of water is 
4180 J/(kg·°C). Calculate the final temperature of the system and the energy transfer to the water from the 
metal.
Answer:  47.04 °C,    2.793 kJ.

75.  An 110–g bar of ice is initially at –36 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific 
heat of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Determine how much energy 
is required if the final temperature of the system is to reach 72 °C.
Answer:  77.96 kJ.

76.  An 885–g bar of ice is initially at –54 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific 
heat of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Calculate the final 
temperature of the system if 626.6 kJ of energy is added by heat.
Answer:  63 °C.

77.  A system of 85 g of water is initially at 67 °C. The latent heat vaporization of water is 2260 kJ/kg, the 
specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Determine how 
much energy is required if the final temperature of the system is to reach 152 °C.
Answer:  213 kJ.

78.  A system of 570 g of water is initially at 27 °C. The latent heat vaporization of water is 2260 kJ/kg, 
the specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Calculate the 
final temperature of the system if 1520 kJ of energy is added by heat.
Answer:  149 °C.

79.  We want heat a 280–g block of copper from 22 °C to 165 °C. The specific heat of copper is 
385 J/(kg·°C). Find out the heat we have to add.
Answer:  15.42 kJ.

80.  An 155–g piece of lead is at 34 °C. 1.791 kJ of energy is added to it by heat. The specific heat of lead 
is 127 J/(kg·°C). Calculate its final temperature.
Answer:  125 °C.

81.  We heat a 295–g sample of metal from 37 °C to 140 °C. 10.36 kJ of energy is added to it by heat. Find 
out the specific heat of the metal.
Answer:  341 J/(kg·°C).
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82.  An 160–g piece of aluminium is initially at 160 °C. The piece is dropped into a bucket containing 
330 g of water at 28 °C. The specific heat of this metal is 897 J/(kg·°C) and the specific heat of water is 
4180 J/(kg·°C). Calculate the final temperature of the system and the energy transfer to the water from the 
metal.
Answer:  40.44 °C,    17.16 kJ.

83.  A 460–g bar of ice is initially at –7 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific heat 
of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Determine how much energy is 
required if the final temperature of the system is to reach 71 °C.
Answer:  296.8 kJ.

84.  An 850–g bar of ice is initially at –24 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific 
heat of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Calculate the final 
temperature of the system if 421.7 kJ of energy is added by heat.
Answer:  27 °C.

85.  A system of 240 g of water is initially at 69 °C. The latent heat vaporization of water is 2260 kJ/kg, 
the specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Determine 
how much energy is required if the final temperature of the system is to reach 161 °C.
Answer:  604 kJ.

86.  A system of 340 g of water is initially at 27 °C. The latent heat vaporization of water is 2260 kJ/kg, 
the specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Calculate the 
final temperature of the system if 993.1 kJ of energy is added by heat.
Answer:  271 °C.

87.  We want heat an 120–g block of copper from 35 °C to 95 °C. The specific heat of copper is 
385 J/(kg·°C). Find out the heat we have to add.
Answer:  2.772 kJ.

88.  A 395–g piece of copper is at 31 °C. 10.49 kJ of energy is added to it by heat. The specific heat of 
copper is 385 J/(kg·°C). Calculate its final temperature.
Answer:  100 °C.

89.  We heat a 40–g sample of metal from 15 °C to 175 °C. 2.202 kJ of energy is added to it by heat. 
Calculate the specific heat of the metal.
Answer:  344 J/(kg·°C).
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90.  An 110–g piece of aluminium is initially at 170 °C. The piece is dropped into a bucket containing 
360 g of water at 10 °C. The specific heat of this metal is 897 J/(kg·°C) and the specific heat of water is 
4180 J/(kg·°C). Calculate the final temperature of the system and the energy transfer to the water from the 
metal.
Answer:  19.85 °C,    14.82 kJ.

91.  A 280–g bar of ice is initially at –53 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific heat 
of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Determine how much energy is 
required if the final temperature of the system is to reach 6 °C.
Answer:  131 kJ.

92.  An 135–g bar of ice is initially at –19 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific 
heat of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Calculate the final 
temperature of the system if 87.59 kJ of energy is added by heat.
Answer:  66 °C.

93.  A system of 690 g of water is initially at 68 °C. The latent heat vaporization of water is 2260 kJ/kg, 
the specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Determine 
how much energy is required if the final temperature of the system is to reach 270 °C.
Answer:  1896 kJ.

94.  A system of 255 g of water is initially at 32 °C. The latent heat vaporization of water is 2260 kJ/kg, 
the specific heat of water is 4180 J/(kg·°C), and the specific heat of steam is 2080 J/(kg·°C). Calculate the 
final temperature of the system if 714.6 kJ of energy is added by heat.
Answer:  224 °C.

95.  We want heat a 225–g block of iron from 5 °C to 210 °C. The specific heat of iron is 450 J/(kg·°C). 
Calculate the heat we have to add.
Answer:  20.76 kJ.

96.  A 400–g piece of tungsten is at 16 °C. 6.914 kJ of energy is added to it by heat. The specific heat of 
tungsten is 134 J/(kg·°C). Find out its final temperature.
Answer:  145 °C.

97.  We heat an 160–g sample of metal from 14 °C to 95 °C. 7.802 kJ of energy is added to it by heat. 
Calculate the specific heat of the metal.
Answer:  602 J/(kg·°C).
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98.  A 330–g piece of zinc is initially at 200 °C. The piece is dropped into a bucket containing 410 g of 
water at 45 °C. The specific heat of this metal is 387 J/(kg·°C) and the specific heat of water is 
4180 J/(kg·°C). Calculate the final temperature of the system and the energy transfer to the water from the 
metal.
Answer:  55.75 °C,    18.42 kJ.

99.  A 435–g bar of ice is initially at –24 °C. The latent heat of fusion of ice is 334 kJ/kg, the specific heat 
of ice is 2050 J/(kg·°C), and the specific heat of water is 4180 J/(kg·°C). Determine how much energy is 
required if the final temperature of the system is to reach 78 °C.
Answer:  308.5 kJ.
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99 problems: nuclear physics  

1.  Fill in the blanks in the following nuclear equations:

a)  ......      28
14Si   +   10n b)  ......      40

18Ar   +   11H

c)  52
24Cr      48

22Ti   +   ...... d)  ..........Cr      55
25Mn   +   0

–1

e)  124
57La   +   10n      40

20Ca   +   ..........Rb f)  142
62Sm   +   11H      55

25Mn   +   ..........Sr

g)  113
49In   +   ......      94Be   +   108

47Ag h)  73
32Ge   +   19

9F      92
42Mo   +   ......

i)  14
7N   +   14

7N      28
14Si   +   ...... j)  85

36Kr      84
36Kr   +   ......

k)  23
11Na   +   11H      ...... l)  73Li   +   42He      ......

m)  28
14Si   +   0

–1      ...... n)  98
48Cd   +   ......      59

28Ni   +   40
20Ca

o)  19
9F   +   ..........Rb      103

45Rh   +   11H p)  151
67Ho   +   42He      52

24Cr   +   ..........Rh

q)  94Be   +   70
31Ga      79

36Kr   +   ...... r)  64
29Cu   +   ..........In      179

78Pt   +   

s)  79
34Se   +   ......      80

34Se t)  28
14Si   +   ......      29

15P

Answer: a)  29
14Si      28

14Si   +   10n b)  41
19K      40

18Ar   +   11H

c)  52
24Cr      48

22Ti   +   42He d)  55
24Cr      55

25Mn   +   0
–1

e)  124
57La   +   10n      40

20Ca   +   85
37Rb f)  142

62Sm   +   11H      55
25Mn   +   88

38Sr

g)  113
49In   +   42He      94Be   +   108

47Ag h)  73
32Ge   +   19

9F      92
42Mo   +   0

–1

i)  14
7N   +   14

7N      28
14Si   +    j)  85

36Kr      84
36Kr   +   10n

k)  23
11Na   +   11H      24

12Mg l)  73Li   +   42He      11
5B

m)  28
14Si   +   0

–1      28
13Al n)  98

48Cd   +   10n      59
28Ni   +   40

20Ca

o)  19
9F   +   85

37Rb      103
45Rh   +   11H p)  151

67Ho   +   42He      52
24Cr   +   103

45Rh

q)  94Be   +   70
31Ga      79

36Kr   +   0
–1 r)  64

29Cu   +   115
49In      179

78Pt   +   

s)  79
34Se   +   10n      80

34Se t)  28
14Si   +   11H      29

15P

2.  Fill in the blanks in the following nuclear equations:

a)  52
24Cr   +   ......      53

25Mn b)  51
23V   +   42He      ..........Mn

c)  32
16S   +   0

–1      ...... d)  62
31Ga   +   ......      32

16S   +   31
15P

e)  26
12Mg   +   ......      20

10Ne   +   73Li f)  75
33As   +   ..........Kr      155

67Ho   +   42He

g)  132
60Nd   +   ......      31

15P   +   101
44Ru h)  89

39Y   +   ......      80
35Br   +   94Be

i)  ......      40
18Ar   +   10n j)  73

32Ge   +   11H      ..........As

k)  77
34Se      73

32Ge   +   ...... l)  32
15P      32

16S   +   ......

m)  14
7N   +   84

36Kr      97
43Tc   +   ...... n)  108

47Ag   +   ......      139
62Sm   +   11H

o)  115
49In   +   56

26Fe      167
73Ta   +   ...... p)  187

82Pb   +   ......      75
33As   +   112

48Cd

q)  189
83Bi   +         91

40Zr   +   ..........Tc r)  49
22Ti      48

22Ti   +   ......

s)  ..........Zn      64
29Cu   +   11H t)  88

38Sr   +   ..........Ru      189
82Pb   +   
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Answer: a)  52
24Cr   +   11H      53

25Mn b)  51
23V   +   42He      55

25Mn

c)  32
16S   +   0

–1      32
15P d)  62

31Ga   +   10n      32
16S   +   31

15P

e)  26
12Mg   +   11H      20

10Ne   +   73Li f)  75
33As   +   84

36Kr      155
67Ho   +   42He

g)  132
60Nd   +   0

–1      31
15P   +   101

44Ru h)  89
39Y   +         80

35Br   +   94Be

i)  41
18Ar      40

18Ar   +   10n j)  73
32Ge   +   11H      74

33As

k)  77
34Se      73

32Ge   +   42He l)  32
15P      32

16S   +   0
–1

m)  14
7N   +   84

36Kr      97
43Tc   +   10n n)  108

47Ag   +   32
16S      139

62Sm   +   11H

o)  115
49In   +   56

26Fe      167
73Ta   +   42He p)  187

82Pb   +   0
–1      75

33As   +   112
48Cd

q)  189
83Bi   +         91

40Zr   +   98
43Tc r)  49

22Ti      48
22Ti   +   10n

s)  65
30Zn      64

29Cu   +   11H t)  88
38Sr   +   101

44Ru      189
82Pb   +   

3.  Fill in the blanks in the following nuclear equations:

a)  ......      23
11Na   +   42He b)  28

13Al      28
14Si   +   ......

c)  132
59Pr   +   10n      106

46Pd   +   ...... d)  38
18Ar   +   11H      27

13Al   +   ......

e)  115
51Sb   +   42He      88

38Sr   +   ...... f)  56
27Co   +   ......      40

18Ar   +   16
8O

g)  51
23V   +   ..........Mo      147

65Tb   +    h)  71
31Ga      70

31Ga   +   ......

i)  ..........Co      56
26Fe   +   11H j)  59

28Ni   +   ......      63
30Zn

k)  40
17Cl      40

18Ar   +   ...... l)  101
44Ru   +   64

29Cu      164
73Ta   +   ......

m)  70
33As   +   11H      59

28Ni   +   ...... n)  188
81Tl   +   ......      112

48Cd   +   80
35Br

o)  39
19K   +   14

7N      49
24Cr   +   ...... p)  93

41Nb   +   88
38Sr      181

79Au   +   ......

q)  86
37Rb      85

37Rb   +   ...... r)  ......      23
11Na   +   11H

s)  ..........Cu      59
27Co   +   42He t)  ..........Cu      65

30Zn   +   0
–1

Answer: a)  27
13Al      23

11Na   +   42He b)  28
13Al      28

14Si   +   0
–1

c)  132
59Pr   +   10n      106

46Pd   +   27
13Al d)  38

18Ar   +   11H      27
13Al   +   12

6C

e)  115
51Sb   +   42He      88

38Sr   +   31
15P f)  56

27Co   +   0
–1      40

18Ar   +   16
8O

g)  51
23V   +   96

42Mo      147
65Tb   +    h)  71

31Ga      70
31Ga   +   10n

i)  57
27Co      56

26Fe   +   11H j)  59
28Ni   +   42He      63

30Zn

k)  40
17Cl      40

18Ar   +   0
–1 l)  101

44Ru   +   64
29Cu      164

73Ta   +   10n

m)  70
33As   +   11H      59

28Ni   +   12
6C n)  188

81Tl   +   42He      112
48Cd   +   80

35Br

o)  39
19K   +   14

7N      49
24Cr   +   42He p)  93

41Nb   +   88
38Sr      181

79Au   +   

q)  86
37Rb      85

37Rb   +   10n r)  24
12Mg      23

11Na   +   11H

s)  63
29Cu      59

27Co   +   42He t)  65
29Cu      65

30Zn   +   0
–1
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4.  Fill in the blanks in the following nuclear equations:

a)  48
22Ti   +   ......      48

21Sc b)  14
7N   +   89

39Y      102
46Pd   +   ......

c)  12
6C   +   ..........Sc      56

26Fe   +   11H d)  48
22Ti   +   48

22Ti      92
42Mo   +   ......

e)  80
35Br   +   94Be      89

40Zr   +   ...... f)  67
33As   +         28

14Si   +   ......

g)  59
27Co   +   10n      ..........Co h)  42He   +   11H      ......

i)  ......      94Be   +   42He j)  24
11Na      24

12Mg   +   ......

k)  80
36Kr   +   10n      70

31Ga   +   ...... l)  93
41Nb      89

39Y   +   ......

m)  71
33As   +   ......      23

11Na   +   52
24Cr n)  134

62Sm   +   0
–1      59

28Ni   +   ..........As

o)  94
41Nb   +   10n      11

5B   +   ..........Kr p)  13
6C      12

6C   +   ......

q)  32
16S      31

15P   +   ...... r)  63
29Cu      59

27Co   +   ......

s)  16
7N      16

8O   +   ...... t)  216
93Np   +   10n      98

43Tc   +   ..........Sn

Answer: a)  48
22Ti   +   0

–1      48
21Sc b)  14

7N   +   89
39Y      102

46Pd   +   10n

c)  12
6C   +   45

21Sc      56
26Fe   +   11H d)  48

22Ti   +   48
22Ti      92

42Mo   +   42He

e)  80
35Br   +   94Be      89

40Zr   +   0
–1 f)  67

33As   +         28
14Si   +   39

19K

g)  59
27Co   +   10n      60

27Co h)  42He   +   11H      53Li

i)  13
6C      94Be   +   42He j)  24

11Na      24
12Mg   +   0

–1

k)  80
36Kr   +   10n      70

31Ga   +   11
5B l)  93

41Nb      89
39Y   +   42He

m)  71
33As   +   42He      23

11Na   +   52
24Cr n)  134

62Sm   +   0
–1      59

28Ni   +   75
33As

o)  94
41Nb   +   10n      11

5B   +   84
36Kr p)  13

6C      12
6C   +   10n

q)  32
16S      31

15P   +   11H r)  63
29Cu      59

27Co   +   42He

s)  16
7N      16

8O   +   0
–1 t)  216

93Np   +   10n      98
43Tc   +   119

50Sn

5.  Fill in the blanks in the following nuclear equations:

a)  108
47Ag   +   ..........Ti      155

69Tm   +   10n b)  96
42Mo   +   39

19K      134
60Nd   +   ......

c)  65
30Zn   +   ..........Ni      120

56Ba   +   42He d)  174
77Ir   +   0

–1      85
37Rb   +   ..........Y

e)  ......      14
7N   +   10n f)  20

9F      19
9F   +   ......

g)  183
79Au   +   11H      96

42Mo   +   ..........Sr h)  20
10Ne   +   42He      ......

i)  28
14Si   +   0

–1      ...... j)  111
50Sn   +   ......      89

39Y   +   23
11Na

k)  154
68Er   +   ......      84

36Kr   +   70
31Ga l)  73

32Ge   +   112
48Cd      181

78Pt   +   ......

m)  184
82Pb   +   0

–1      93
41Nb   +   ..........Zr n)  40

20Ca   +   65
30Zn      105

50Sn   +   ......

o)  ......      11
5B   +   10n p)  ......      11

5B   +   11H

q)  11
5B   +   ......      15

7N r)  31
15P   +   0

–1      ......

s)  194
84Po   +   10n      80

35Br   +   ..........In t)  81
35Br   +   ......      73Li   +   75

33As
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Answer: a)  108
47Ag   +   48

22Ti      155
69Tm   +   10n b)  96

42Mo   +   39
19K      134

60Nd   +   11H

c)  65
30Zn   +   59

28Ni      120
56Ba   +   42He d)  174

77Ir   +   0
–1      85

37Rb   +   89
39Y

e)  15
7N      14

7N   +   10n f)  20
9F      19

9F   +   10n

g)  183
79Au   +   11H      96

42Mo   +   88
38Sr h)  20

10Ne   +   42He      24
12Mg

i)  28
14Si   +   0

–1      28
13Al j)  111

50Sn   +   10n      89
39Y   +   23

11Na

k)  154
68Er   +   0

–1      84
36Kr   +   70

31Ga l)  73
32Ge   +   112

48Cd      181
78Pt   +   42He

m)  184
82Pb   +   0

–1      93
41Nb   +   91

40Zr n)  40
20Ca   +   65

30Zn      105
50Sn   +   

o)  12
5B      11

5B   +   10n p)  12
6C      11

5B   +   11H

q)  11
5B   +   42He      15

7N r)  31
15P   +   0

–1      31
14Si

s)  194
84Po   +   10n      80

35Br   +   115
49In t)  81

35Br   +   11H      73Li   +   75
33As

6.  Fill in the blanks in the following nuclear equations:

a)  59
28Ni   +   ..........Y      147

66Dy   +   11H b)  52
24Cr   +   32

16S      80
38Sr   +   ......

c)  211
92U   +   ......      115

49In   +   96
42Mo d)  122

54Xe   +   ......      19
9F   +   103

45Rh

e)  19
9F   +   10n      ...... f)  41

21Sc      40
20Ca   +   ......

g)  ......      23
11Na   +   42He h)  ..........Se      80

35Br   +   0
–1

i)  124
57La   +   ......      32

16S   +   93
41Nb j)  65

30Zn   +   ......      59
28Ni   +   73Li

k)  136
60Nd   +   42He      88

38Sr   +   ..........Cr l)  64
30Zn   +   0

–1      55
25Mn   +   ......

m)  100
44Ru   +         91

40Zr   +   ...... n)  59
28Ni   +   ..........Nb      152

70Yb   +   0
–1

o)  84Be      73Li   +   ...... p)  14
7N   +   42He      ......

q)  40
17Cl      40

18Ar   +   ...... r)  93
41Nb   +   48

22Ti      140
63Eu   +   ......

s)  96
42Mo   +   ..........Rb      180

79Au   +   10n t)  38
18Ar   +   ......      11

5B   +   28
14Si

Answer: a)  59
28Ni   +   89

39Y      147
66Dy   +   11H b)  52

24Cr   +   32
16S      80

38Sr   +   42He

c)  211
92U   +   0

–1      115
49In   +   96

42Mo d)  122
54Xe   +         19

9F   +   103
45Rh

e)  19
9F   +   10n      20

9F f)  41
21Sc      40

20Ca   +   11H

g)  27
13Al      23

11Na   +   42He h)  80
34Se      80

35Br   +   0
–1

i)  124
57La   +   10n      32

16S   +   93
41Nb j)  65

30Zn   +   11H      59
28Ni   +   73Li

k)  136
60Nd   +   42He      88

38Sr   +   52
24Cr l)  64

30Zn   +   0
–1      55

25Mn   +   94Be

m)  100
44Ru   +         91

40Zr   +   94Be n)  59
28Ni   +   93

41Nb      152
70Yb   +   0

–1

o)  84Be      73Li   +   11H p)  14
7N   +   42He      18

9F

q)  40
17Cl      40

18Ar   +   0
–1 r)  93

41Nb   +   48
22Ti      140

63Eu   +   10n

s)  96
42Mo   +   85

37Rb      180
79Au   +   10n t)  38

18Ar   +   11H      11
5B   +   28

14Si
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7.  Fill in the blanks in the following nuclear equations:

a)  96
42Mo   +   ..........Ru      193

84Po   +   42He b)  50
25Mn   +   0

–1      27
13Al   +   ......

c)  104
47Ag   +         64

29Cu   +   ...... d)  ..........Cu      64
29Cu   +   10n

e)  ..........Co      56
26Fe   +   11H f)  39

19K   +   ......      43
21Sc

g)  ......      28
14Si   +   0

–1 h)  75
36Kr   +   ......      56

26Fe   +   20
10Ne

i)  108
47Ag   +   108

47Ag      215
93Np   +   ...... j)  93

41Nb   +   108
47Ag      197

86Rn   +   ......

k)  185
81Tl   +   ......      84

36Kr   +   101
44Ru l)  138

62Sm   +         45
21Sc   +   ..........Nb

m)  75
33As   +   ......      76

33As n)  13
7N      12

6C   +   ......

o)  80
35Br   +   ......      84

37Rb p)  16
8O   +   ......      16

7N

q)  193
85At   +   10n      93

41Nb   +   ..........Ru r)  22
10Ne   +   11H      73Li   +   ......

s)  146
66Dy   +   ......      91

40Zr   +   59
28Ni t)  40

18Ar   +   ......      71
34Se   +   0

–1

Answer: a)  96
42Mo   +   101

44Ru      193
84Po   +   42He b)  50

25Mn   +   0
–1      27

13Al   +   23
11Na

c)  104
47Ag   +         64

29Cu   +   40
18Ar d)  65

29Cu      64
29Cu   +   10n

e)  57
27Co      56

26Fe   +   11H f)  39
19K   +   42He      43

21Sc

g)  28
13Al      28

14Si   +   0
–1 h)  75

36Kr   +   10n      56
26Fe   +   20

10Ne

i)  108
47Ag   +   108

47Ag      215
93Np   +   11H j)  93

41Nb   +   108
47Ag      197

86Rn   +   42He

k)  185
81Tl   +   0

–1      84
36Kr   +   101

44Ru l)  138
62Sm   +         45

21Sc   +   93
41Nb

m)  75
33As   +   10n      76

33As n)  13
7N      12

6C   +   11H

o)  80
35Br   +   42He      84

37Rb p)  16
8O   +   0

–1      16
7N

q)  193
85At   +   10n      93

41Nb   +   101
44Ru r)  22

10Ne   +   11H      73Li   +   16
8O

s)  146
66Dy   +   42He      91

40Zr   +   59
28Ni t)  40

18Ar   +   31
15P      71

34Se   +   0
–1

8.  Fill in the blanks in the following nuclear equations:

a)  119
55Cs   +   0

–1      40
20Ca   +   ..........Se b)  103

45Rh   +   84
36Kr      187

81Tl   +   ......

c)  71
31Ga      70

31Ga   +   ...... d)  75
33As   +   11H      ..........Se

e)  84
36Kr   +   42He      ..........Sr f)  85

36Kr      85
37Rb   +   ......

g)  96
43Tc   +   ......      85

37Rb   +   12
6C h)  77

35Br   +   11H      27
13Al   +   ..........V

i)  35
17Cl   +   ......      71

35Br   +   42He j)  32
16S   +   ..........Co      91

44Ru   +   0
–1

k)  63
31Ga   +         39

19K   +   ...... l)  91
40Zr   +   ......      109

49In   +   10n

m)  19
9F   +   11H      ...... n)  ..........Mn      51

23V   +   42He

o)  56
25Mn      56

26Fe   +   ...... p)  101
44Ru   +   ..........Pd      206

90Th   +   10n

q)  127
57La   +   ......      39

19K   +   89
39Y r)  56

26Fe      52
24Cr   +   ......

s)  67
34Se   +   ......      39

19K   +   28
14Si t)  112

48Cd   +   35
17Cl      146

65Tb   +   ......
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Answer: a)  119
55Cs   +   0

–1      40
20Ca   +   79

34Se b)  103
45Rh   +   84

36Kr      187
81Tl   +   

c)  71
31Ga      70

31Ga   +   10n d)  75
33As   +   11H      76

34Se

e)  84
36Kr   +   42He      88

38Sr f)  85
36Kr      85

37Rb   +   0
–1

g)  96
43Tc   +   10n      85

37Rb   +   12
6C h)  77

35Br   +   11H      27
13Al   +   51

23V

i)  35
17Cl   +   40

20Ca      71
35Br   +   42He j)  32

16S   +   59
27Co      91

44Ru   +   0
–1

k)  63
31Ga   +         39

19K   +   24
12Mg l)  91

40Zr   +   19
9F      109

49In   +   10n

m)  19
9F   +   11H      20

10Ne n)  55
25Mn      51

23V   +   42He

o)  56
25Mn      56

26Fe   +   0
–1 p)  101

44Ru   +   106
46Pd      206

90Th   +   10n

q)  127
57La   +   11H      39

19K   +   89
39Y r)  56

26Fe      52
24Cr   +   42He

s)  67
34Se   +   0

–1      39
19K   +   28

14Si t)  112
48Cd   +   35

17Cl      146
65Tb   +   10n

9.  Fill in the blanks in the following nuclear equations:

a)  132
60Nd   +         39

19K   +   ..........Nb b)  40
20Ca   +   0

–1      ......

c)  15
8O      14

7N   +   ...... d)  107
49In   +   ......      93

41Nb   +   14
7N

e)  19
9F   +   ......      19

8O f)  11
5B   +   27

13Al      37
18Ar   +   ......

g)  42
20Ca   +   11H      23

11Na   +   ...... h)  28
14Si   +   ..........Se      103

46Pd   +   42He

i)  126
56Ba   +   ......      14

7N   +   112
48Cd j)  75

33As   +   ..........Pd      181
79Au   +   

k)  80
35Br   +   10n      ..........Br l)  ......      19

9F   +   11H

m)  70
31Ga   +   42He      ..........As n)  56

26Fe   +   ......      56
25Mn

o)  170
75Re   +   10n      91

40Zr   +   ..........Br p)  106
47Ag   +   ......      28

14Si   +   79
34Se

q)  94Be   +   ..........Ni      64
30Zn   +   42He r)  16

8O   +   ......      30
16S   +   0

–1

s)  189
82Pb   +         88

38Sr   +   ..........Ru t)  20
10Ne   +   98

43Tc      114
51Sb   +   ......

Answer: a)  132
60Nd   +         39

19K   +   93
41Nb b)  40

20Ca   +   0
–1      40

19K

c)  15
8O      14

7N   +   11H d)  107
49In   +   0

–1      93
41Nb   +   14

7N

e)  19
9F   +   0

–1      19
8O f)  11

5B   +   27
13Al      37

18Ar   +   10n

g)  42
20Ca   +   11H      23

11Na   +   20
10Ne h)  28

14Si   +   79
34Se      103

46Pd   +   42He

i)  126
56Ba   +   0

–1      14
7N   +   112

48Cd j)  75
33As   +   106

46Pd      181
79Au   +   

k)  80
35Br   +   10n      81

35Br l)  20
10Ne      19

9F   +   11H

m)  70
31Ga   +   42He      74

33As n)  56
26Fe   +   0

–1      56
25Mn

o)  170
75Re   +   10n      91

40Zr   +   80
35Br p)  106

47Ag   +   11H      28
14Si   +   79

34Se

q)  94Be   +   59
28Ni      64

30Zn   +   42He r)  16
8O   +   14

7N      30
16S   +   0

–1

s)  189
82Pb   +         88

38Sr   +   101
44Ru t)  20

10Ne   +   98
43Tc      114

51Sb   +   42He

6
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10.  Fill in the blanks in the following nuclear equations:

a)  ......      11
5B   +   10n b)  52

24Cr   +   ......      53
25Mn

c)  20
10Ne      16

8O   +   ...... d)  ..........Zn      70
31Ga   +   0

–1

e)  84
36Kr   +   ..........Sr      171

74W   +   10n f)  222
95Am   +   11H      108

47Ag   +   ..........In

g)  35
17Cl   +   42He      16

8O   +   ...... h)  91
42Mo   +   0

–1      75
33As   +   ......

i)  24
12Mg   +   65

30Zn      89
42Mo   +   ...... j)  88

38Sr   +   10n      ..........Sr

k)  ......      35
17Cl   +   11H l)  32

16S      28
14Si   +   ......

m)  20
10Ne   +   ......      20

9F n)  204
89Ac   +   10n      93

41Nb   +   ..........Cd

o)  70
31Ga   +   ......      80

35Br   +   11H p)  106
46Pd   +   19

9F      121
53I   +   ......

q)  146
66Dy   +   0

–1      45
21Sc   +   ..........Ru r)  19

9F   +   23
11Na      42

20Ca   +   ......

s)  112
53I   +   ......      56

26Fe   +   56
26Fe t)  71

32Ge      70
31Ga   +   ......

Answer: a)  12
5B      11

5B   +   10n b)  52
24Cr   +   11H      53

25Mn

c)  20
10Ne      16

8O   +   42He d)  70
30Zn      70

31Ga   +   0
–1

e)  84
36Kr   +   88

38Sr      171
74W   +   10n f)  222

95Am   +   11H      108
47Ag   +   115

49In

g)  35
17Cl   +   42He      16

8O   +   23
11Na h)  91

42Mo   +   0
–1      75

33As   +   16
8O

i)  24
12Mg   +   65

30Zn      89
42Mo   +    j)  88

38Sr   +   10n      89
38Sr

k)  36
18Ar      35

17Cl   +   11H l)  32
16S      28

14Si   +   42He

m)  20
10Ne   +   0

–1      20
9F n)  204

89Ac   +   10n      93
41Nb   +   112

48Cd

o)  70
31Ga   +   11

5B      80
35Br   +   11H p)  106

46Pd   +   19
9F      121

53I   +   42He

q)  146
66Dy   +   0

–1      45
21Sc   +   101

44Ru r)  19
9F   +   23

11Na      42
20Ca   +   

s)  112
53I   +   0

–1      56
26Fe   +   56

26Fe t)  71
32Ge      70

31Ga   +   11H

11.  Fill in the blanks in the following nuclear equations:

a)  56
26Fe      55

25Mn   +   ...... b)  108
47Ag   +   20

10Ne      124
55Cs   +   ......

c)  27
12Mg      27

13Al   +   ...... d)  74
35Br   +   10n      16

8O   +   ..........Co

e)  28
14Si   +   14

7N      41
20Ca   +   ...... f)  85

37Rb   +   ..........As      156
68Er   +   42He

g)  106
46Pd   +   103

45Rh      209
92U   +   ...... h)  70

34Se   +   ......      35
17Cl   +   35

17Cl

i)  60
27Co      59

27Co   +   ...... j)  31
15P   +   11H      ......

k)  88
38Sr   +   42He      ..........Zr l)  52

24Cr      48
22Ti   +   ......

m)  11
5B   +   ..........Ge      83

37Rb   +   10n n)  42He   +   32
16S      35

17Cl   +   ......

o)  ..........Cr      55
25Mn   +   0

–1 p)  96
42Mo   +   32

16S      128
59Pr   +   ......

q)  96
41Nb   +   ......      88

38Sr   +   94Be r)  28
14Si   +   ......      29

14Si

s)  40
20Ca   +   11H      ..........Sc t)  60

28Ni      56
26Fe   +   ......

7
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Answer: a)  56
26Fe      55

25Mn   +   11H b)  108
47Ag   +   20

10Ne      124
55Cs   +   42He

c)  27
12Mg      27

13Al   +   0
–1 d)  74

35Br   +   10n      16
8O   +   59

27Co

e)  28
14Si   +   14

7N      41
20Ca   +   11H f)  85

37Rb   +   75
33As      156

68Er   +   42He

g)  106
46Pd   +   103

45Rh      209
92U   +   0

–1 h)  70
34Se   +         35

17Cl   +   35
17Cl

i)  60
27Co      59

27Co   +   10n j)  31
15P   +   11H      32

16S

k)  88
38Sr   +   42He      92

40Zr l)  52
24Cr      48

22Ti   +   42He

m)  11
5B   +   73

32Ge      83
37Rb   +   10n n)  42He   +   32

16S      35
17Cl   +   11H

o)  55
24Cr      55

25Mn   +   0
–1 p)  96

42Mo   +   32
16S      128

59Pr   +   0
–1

q)  96
41Nb   +   11H      88

38Sr   +   94Be r)  28
14Si   +   10n      29

14Si

s)  40
20Ca   +   11H      41

21Sc t)  60
28Ni      56

26Fe   +   42He

12.  Fill in the blanks in the following nuclear equations:

a)  24
12Mg      20

10Ne   +   ...... b)  ......      45
21Sc   +   0

–1

c)  60
28Ni      59

28Ni   +   ...... d)  197
83Bi   +   11H      79

34Se   +   ..........Sn

e)  98
43Tc   +   42He      23

11Na   +   ..........Se f)  64
28Ni      64

29Cu   +   ......

g)  208
89Ac   +   ......      119

50Sn   +   89
39Y h)  23

11Na   +   10n      ......

i)  90
40Zr      89

39Y   +   ...... j)  55
25Mn      51

23V   +   ......

k)  59
26Fe      59

27Co   +   ...... l)  76
37Rb   +   10n      32

16S   +   ..........Sc

m)  189
81Tl   +   ......      115

49In   +   75
33As n)  109

48Cd   +   ......      40
18Ar   +   73

32Ge

o)  103
45Rh   +   ..........Cr      155

70Yb   +   0
–1 p)  204

88Ra   +   ......      115
49In   +   89

39Y

q)  76
33As      75

33As   +   ...... r)  ......      94Be   +   11H

s)  32
16S   +   ......      36

18Ar t)  11
5B   +   0

–1      ......

Answer: a)  24
12Mg      20

10Ne   +   42He b)  45
20Ca      45

21Sc   +   0
–1

c)  60
28Ni      59

28Ni   +   10n d)  197
83Bi   +   11H      79

34Se   +   119
50Sn

e)  98
43Tc   +   42He      23

11Na   +   79
34Se f)  64

28Ni      64
29Cu   +   0

–1

g)  208
89Ac   +         119

50Sn   +   89
39Y h)  23

11Na   +   10n      24
11Na

i)  90
40Zr      89

39Y   +   11H j)  55
25Mn      51

23V   +   42He

k)  59
26Fe      59

27Co   +   0
–1 l)  76

37Rb   +   10n      32
16S   +   45

21Sc

m)  189
81Tl   +   11H      115

49In   +   75
33As n)  109

48Cd   +   42He      40
18Ar   +   73

32Ge

o)  103
45Rh   +   52

24Cr      155
70Yb   +   0

–1 p)  204
88Ra   +         115

49In   +   89
39Y

q)  76
33As      75

33As   +   10n r)  10
5B      94Be   +   11H

s)  32
16S   +   42He      36

18Ar t)  11
5B   +   0

–1      11
4Be

8



99 problems: nuclear physics  

13.  Fill in the blanks in the following nuclear equations:

a)  48
22Ti   +   11H      ..........V b)  73Li   +   ..........Rh      109

48Cd   +   10n

c)  20
10Ne   +   ..........Sc      64

30Zn   +   11H d)  55
25Mn   +   39

19K      90
42Mo   +   ......

e)  32
16S   +   ..........Y      121

56Ba   +   0
–1 f)  55

25Mn   +   ..........Ag      163
72Hf   +   

g)  70
31Ga   +   11H      ..........Ge h)  86

38Sr      85
37Rb   +   ......

i)  ..........Ge      65
30Zn   +   42He j)  45

20Ca      45
21Sc   +   ......

k)  19
9F   +   75

33As      93
42Mo   +   ...... l)  133

58Ce   +   ......      55
25Mn   +   79

34Se

m)  11
5B   +   32

16S      39
19K   +   ...... n)  23

12Mg   +   ......      73Li   +   16
8O

o)  98
47Ag   +         39

19K   +   ..........Ni p)  83Li      73Li   +   ......

q)  71
32Ge      70

31Ga   +   ...... r)  64
29Cu   +   42He      ..........Ga

s)  24
12Mg   +   0

–1      ...... t)  99
45Rh   +   10n      20

10Ne   +   ..........Br

Answer: a)  48
22Ti   +   11H      49

23V b)  73Li   +   103
45Rh      109

48Cd   +   10n

c)  20
10Ne   +   45

21Sc      64
30Zn   +   11H d)  55

25Mn   +   39
19K      90

42Mo   +   42He

e)  32
16S   +   89

39Y      121
56Ba   +   0

–1 f)  55
25Mn   +   108

47Ag      163
72Hf   +   

g)  70
31Ga   +   11H      71

32Ge h)  86
38Sr      85

37Rb   +   11H

i)  69
32Ge      65

30Zn   +   42He j)  45
20Ca      45

21Sc   +   0
–1

k)  19
9F   +   75

33As      93
42Mo   +   10n l)  133

58Ce   +   11H      55
25Mn   +   79

34Se

m)  11
5B   +   32

16S      39
19K   +   42He n)  23

12Mg   +   0
–1      73Li   +   16

8O

o)  98
47Ag   +         39

19K   +   59
28Ni p)  83Li      73Li   +   10n

q)  71
32Ge      70

31Ga   +   11H r)  64
29Cu   +   42He      68

31Ga

s)  24
12Mg   +   0

–1      24
11Na t)  99

45Rh   +   10n      20
10Ne   +   80

35Br

14.  Fill in the blanks in the following nuclear equations:

a)  31
16S   +   ......      12

6C   +   20
10Ne b)  69

33As   +   ......      31
15P   +   39

19K

c)  214
92U   +   42He      106

46Pd   +   ..........Cd d)  16
8O   +   88

38Sr      104
47Ag   +   ......

e)  19
9F   +   24

12Mg      43
21Sc   +   ...... f)  42He   +   ......      52He

g)  ..........Ti      45
21Sc   +   11H h)  24

12Mg      20
10Ne   +   ......

i)  41H      42He   +   ...... j)  99
45Rh   +   ......      27

13Al   +   73
32Ge

k)  139
62Sm   +   ......      75

33As   +   65
30Zn l)  127

56Ba   +   ......      52
24Cr   +   79

34Se

m)  44
22Ti   +   ......      94Be   +   35

17Cl n)  110
50Sn   +   0

–1      14
7N   +   ..........Mo

o)  40
20Ca   +   ......      41

20Ca p)  31
15P   +   ......      32

16S

q)  ..........Nb      89
39Y   +   42He r)  39

19K   +   ......      48
23V   +   

s)  75
33As   +   106

46Pd      180
79Au   +   ...... t)  108

47Ag   +   59
27Co      166

73Ta   +   ......

9



99 problems: nuclear physics  

Answer: a)  31
16S   +   10n      12

6C   +   20
10Ne b)  69

33As   +   11H      31
15P   +   39

19K

c)  214
92U   +   42He      106

46Pd   +   112
48Cd d)  16

8O   +   88
38Sr      104

47Ag   +   0
–1

e)  19
9F   +   24

12Mg      43
21Sc   +    f)  42He   +   10n      52He

g)  46
22Ti      45

21Sc   +   11H h)  24
12Mg      20

10Ne   +   42He

i)  41H      42He   +   0
–1 j)  99

45Rh   +   10n      27
13Al   +   73

32Ge

k)  139
62Sm   +   11H      75

33As   +   65
30Zn l)  127

56Ba   +   42He      52
24Cr   +   79

34Se

m)  44
22Ti   +   0

–1      94Be   +   35
17Cl n)  110

50Sn   +   0
–1      14

7N   +   96
42Mo

o)  40
20Ca   +   10n      41

20Ca p)  31
15P   +   11H      32

16S

q)  93
41Nb      89

39Y   +   42He r)  39
19K   +   94Be      48

23V   +   

s)  75
33As   +   106

46Pd      180
79Au   +   10n t)  108

47Ag   +   59
27Co      166

73Ta   +   11H

15.  Fill in the blanks in the following nuclear equations:

a)  186
80Hg   +   ......      79

34Se   +   108
47Ag b)  91

40Zr   +   45
21Sc      132

59Pr   +   ......

c)  40
21Sc   +   ......      16

8O   +   24
12Mg d)  54

25Mn   +         94Be   +   ..........Sc

e)  19
9F   +   ......      20

9F f)  27
13Al   +   ......      28

14Si

g)  ..........Y      85
37Rb   +   42He h)  56

25Mn      56
26Fe   +   ......

i)  39
19K   +   ......      94Be   +   31

15P j)  112
51Sb   +   ......      73

32Ge   +   40
20Ca

k)  168
72Hf   +   42He      88

38Sr   +   ..........Kr l)  144
65Tb   +   0

–1      89
39Y   +   ..........Mn

m)  94Be   +   16
8O      25

12Mg   +   ...... n)  33
16S      32

16S   +   ......

o)  20
10Ne   +   89

39Y      108
49In   +   ...... p)  27

13Al   +   ......      31
15P

q)  40
19K      40

20Ca   +   ...... r)  166
72Hf   +   ......      88

38Sr   +   79
34Se

s)  74
34Se   +   ......      55

25Mn   +   20
10Ne t)  64

29Cu   +   ......      76
35Br   +   42He

Answer: a)  186
80Hg   +   11H      79

34Se   +   108
47Ag b)  91

40Zr   +   45
21Sc      132

59Pr   +   42He

c)  40
21Sc   +   0

–1      16
8O   +   24

12Mg d)  54
25Mn   +         94Be   +   45

21Sc

e)  19
9F   +   10n      20

9F f)  27
13Al   +   11H      28

14Si

g)  89
39Y      85

37Rb   +   42He h)  56
25Mn      56

26Fe   +   0
–1

i)  39
19K   +   10n      94Be   +   31

15P j)  112
51Sb   +   11H      73

32Ge   +   40
20Ca

k)  168
72Hf   +   42He      88

38Sr   +   84
36Kr l)  144

65Tb   +   0
–1      89

39Y   +   55
25Mn

m)  94Be   +   16
8O      25

12Mg   +    n)  33
16S      32

16S   +   10n

o)  20
10Ne   +   89

39Y      108
49In   +   10n p)  27

13Al   +   42He      31
15P

q)  40
19K      40

20Ca   +   0
–1 r)  166

72Hf   +   10n      88
38Sr   +   79

34Se

s)  74
34Se   +   11H      55

25Mn   +   20
10Ne t)  64

29Cu   +   16
8O      76

35Br   +   42He
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99 problems: nuclear physics  

16.  Fill in the blanks in the following nuclear equations:

a)  84
36Kr   +   14

7N      94
41Nb   +   ...... b)  87

40Zr   +   0
–1      12

6C   +   ..........As

c)  95
45Rh   +         56

26Fe   +   ...... d)  ......      40
18Ar   +   10n

e)  14
7N   +   ......      15

8O f)  48
22Ti   +   42He      ..........Cr

g)  ......      12
6C   +   0

–1 h)  106
49In   +   10n      59

27Co   +   ..........Ti

i)  35
17Cl   +   ..........Br      114

51Sb   +   11H j)  16
8O   +   103

45Rh      115
51Sb   +   ......

k)  114
51Sb   +   0

–1      11
5B   +   ..........Rh l)  84

36Kr   +   79
34Se      163

70Yb   +   ......

m)  ......      24
12Mg   +   10n n)  94Be   +   10n      ......

o)  27
13Al   +   ......      31

15P p)  42He   +   ......      41H

q)  ..........V      48
22Ti   +   11H r)  106

46Pd   +   ..........Y      194
84Po   +   11H

s)  104
47Ag   +   ......      73

32Ge   +   35
17Cl t)  149

66Dy   +   0
–1      79

34Se   +   ..........Ga

Answer: a)  84
36Kr   +   14

7N      94
41Nb   +   42He b)  87

40Zr   +   0
–1      12

6C   +   75
33As

c)  95
45Rh   +         56

26Fe   +   39
19K d)  41

18Ar      40
18Ar   +   10n

e)  14
7N   +   11H      15

8O f)  48
22Ti   +   42He      52

24Cr

g)  12
5B      12

6C   +   0
–1 h)  106

49In   +   10n      59
27Co   +   48

22Ti

i)  35
17Cl   +   80

35Br      114
51Sb   +   11H j)  16

8O   +   103
45Rh      115

51Sb   +   42He

k)  114
51Sb   +   0

–1      11
5B   +   103

45Rh l)  84
36Kr   +   79

34Se      163
70Yb   +   

m)  25
12Mg      24

12Mg   +   10n n)  94Be   +   10n      10
4Be

o)  27
13Al   +   42He      31

15P p)  42He   +   0
–1      41H

q)  49
23V      48

22Ti   +   11H r)  106
46Pd   +   89

39Y      194
84Po   +   11H

s)  104
47Ag   +   42He      73

32Ge   +   35
17Cl t)  149

66Dy   +   0
–1      79

34Se   +   70
31Ga

17.  Fill in the blanks in the following nuclear equations:

a)  47
24Cr   +   ......      31

15P   +   16
8O b)  ..........Ti      40

20Ca   +   42He

c)  51
23V   +   10n      ..........V d)  ..........V      48

22Ti   +   11H

e)  ..........Ge      65
30Zn   +   42He f)  45

20Ca      45
21Sc   +   ......

g)  20
10Ne   +   ......      54

27Co   +   10n h)  147
66Dy   +   ......      108

47Ag   +   40
20Ca

i)  87
39Y   +   ......      75

33As   +   16
8O j)  143

64Gd   +   ......      79
34Se   +   64

29Cu

k)  39
19K   +   70

31Ga      109
50Sn   +   ...... l)  19

9F   +   ......      20
9F

m)  ......      20
10Ne   +   11H n)  63

29Cu      59
27Co   +   ......

o)  51
23V   +   0

–1      ..........Ti p)  142
63Eu   +   ......      40

18Ar   +   103
45Rh

q)  211
90Th   +   11H      119

50Sn   +   ..........Nb r)  71
33As   +   42He      23

11Na   +   ..........Cr

s)  59
27Co   +   84

36Kr      143
64Gd   +   ...... t)  71

34Se   +         59
28Ni   +   ......
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99 problems: nuclear physics  

Answer: a)  47
24Cr   +   0

–1      31
15P   +   16

8O b)  44
22Ti      40

20Ca   +   42He

c)  51
23V   +   10n      52

23V d)  49
23V      48

22Ti   +   11H

e)  69
32Ge      65

30Zn   +   42He f)  45
20Ca      45

21Sc   +   0
–1

g)  20
10Ne   +   35

17Cl      54
27Co   +   10n h)  147

66Dy   +   11H      108
47Ag   +   40

20Ca

i)  87
39Y   +   42He      75

33As   +   16
8O j)  143

64Gd   +   0
–1      79

34Se   +   64
29Cu

k)  39
19K   +   70

31Ga      109
50Sn   +    l)  19

9F   +   10n      20
9F

m)  21
11Na      20

10Ne   +   11H n)  63
29Cu      59

27Co   +   42He

o)  51
23V   +   0

–1      51
22Ti p)  142

63Eu   +   10n      40
18Ar   +   103

45Rh

q)  211
90Th   +   11H      119

50Sn   +   93
41Nb r)  71

33As   +   42He      23
11Na   +   52

24Cr

s)  59
27Co   +   84

36Kr      143
64Gd   +   0

–1 t)  71
34Se   +         59

28Ni   +   12
6C

18.  Fill in the blanks in the following nuclear equations:

a)  101
44Ru   +   ..........Cr      153

68Er   +    b)  45
21Sc   +   ......      46

21Sc

c)  92
41Nb      91

40Zr   +   ...... d)  40
20Ca   +   42He      ..........Ti

e)  31
14Si      31

15P   +   ...... f)  32
16S   +   10n      94Be   +   ......

g)  42He   +   93
41Nb      96

42Mo   +   ...... h)  155
68Er   +   42He      108

47Ag   +   ..........V

i)  126
58Ce   +   0

–1      35
17Cl   +   ..........Zr j)  65

30Zn   +   98
43Tc      163

73Ta   +   ......

k)  89
39Y   +   ......      90

39Y l)  60
29Cu      59

28Ni   +   ......

m)  48
22Ti   +   42He      ..........Cr n)  32

15P      32
16S   +   ......

o)  113
52Te   +   10n      75

33As   +   ...... p)  55
25Mn   +   11H      11

5B   +   ..........Sc

q)  64
30Zn   +   42He      40

18Ar   +   ...... r)  96
42Mo   +   39

19K      135
62Sm   +   ......

s)  45
21Sc   +   ..........Mo      141

63Eu   +    t)  21
10Ne      20

10Ne   +   ......

Answer: a)  101
44Ru   +   52

24Cr      153
68Er   +    b)  45

21Sc   +   10n      46
21Sc

c)  92
41Nb      91

40Zr   +   11H d)  40
20Ca   +   42He      44

22Ti

e)  31
14Si      31

15P   +   0
–1 f)  32

16S   +   10n      94Be   +   24
12Mg

g)  42He   +   93
41Nb      96

42Mo   +   11H h)  155
68Er   +   42He      108

47Ag   +   51
23V

i)  126
58Ce   +   0

–1      35
17Cl   +   91

40Zr j)  65
30Zn   +   98

43Tc      163
73Ta   +   

k)  89
39Y   +   10n      90

39Y l)  60
29Cu      59

28Ni   +   11H

m)  48
22Ti   +   42He      52

24Cr n)  32
15P      32

16S   +   0
–1

o)  113
52Te   +   10n      75

33As   +   39
19K p)  55

25Mn   +   11H      11
5B   +   45

21Sc

q)  64
30Zn   +   42He      40

18Ar   +   28
14Si r)  96

42Mo   +   39
19K      135

62Sm   +   0
–1

s)  45
21Sc   +   96

42Mo      141
63Eu   +    t)  21

10Ne      20
10Ne   +   10n
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99 problems: nuclear physics  

19.  Fill in the blanks in the following nuclear equations:

a)  ......      11
5B   +   10n b)  ..........Ge      70

31Ga   +   11H

c)  95
42Mo      91

40Zr   +   ...... d)  52
23V      52

24Cr   +   ......

e)  185
81Tl   +   10n      85

37Rb   +   ..........Ru f)  81
35Br   +   11H      73

32Ge   +   ......

g)  158
69Tm   +   42He      89

39Y   +   ..........Ge h)  59
28Ni   +   ......      99

49In   +   0
–1

i)  82
36Kr   +   ......      75

33As   +   73Li j)  20
9F      19

9F   +   ......

k)  102
46Pd   +   42He      51

23V   +   ..........Mn l)  ......      31
15P   +   42He

m)  ..........Ti      51
23V   +   0

–1 n)  23
11Na   +   ......      62

31Ga   +   10n

o)  167
73Ta   +   11H      98

43Tc   +   ..........Ga p)  199
86Rn   +   ......      91

40Zr   +   112
48Cd

q)  23
11Na   +   ..........Cd      135

60Nd   +   0
–1 r)  56

26Fe   +   ..........Cr      108
50Sn   +   

s)  31
15P   +   10n      ...... t)  75

33As   +   ......      76
34Se

Answer: a)  12
5B      11

5B   +   10n b)  71
32Ge      70

31Ga   +   11H

c)  95
42Mo      91

40Zr   +   42He d)  52
23V      52

24Cr   +   0
–1

e)  185
81Tl   +   10n      85

37Rb   +   101
44Ru f)  81

35Br   +   11H      73
32Ge   +   94Be

g)  158
69Tm   +   42He      89

39Y   +   73
32Ge h)  59

28Ni   +   40
20Ca      99

49In   +   0
–1

i)  82
36Kr   +         75

33As   +   73Li j)  20
9F      19

9F   +   10n

k)  102
46Pd   +   42He      51

23V   +   55
25Mn l)  35

17Cl      31
15P   +   42He

m)  51
22Ti      51

23V   +   0
–1 n)  23

11Na   +   40
20Ca      62

31Ga   +   10n

o)  167
73Ta   +   11H      98

43Tc   +   70
31Ga p)  199

86Rn   +   42He      91
40Zr   +   112

48Cd

q)  23
11Na   +   112

48Cd      135
60Nd   +   0

–1 r)  56
26Fe   +   52

24Cr      108
50Sn   +   

s)  31
15P   +   10n      32

15P t)  75
33As   +   11H      76

34Se

20.  Fill in the blanks in the following nuclear equations:

a)  41
21Sc      40

20Ca   +   ...... b)  15
7N      11

5B   +   ......

c)  24
11Na      24

12Mg   +   ...... d)  59
28Ni   +   ..........Ge      131

60Nd   +   10n

e)  24
11Na   +   11H      14

7N   +   ...... f)  94Be   +   84
36Kr      89

38Sr   +   ......

g)  163
73Ta   +   ......      108

47Ag   +   55
25Mn h)  119

53I   +   ......      23
11Na   +   96

42Mo

i)  56
25Mn      55

25Mn   +   ...... j)  52
24Cr   +   11H      ..........Mn

k)  ......      28
14Si   +   42He l)  19

9F   +   ......      19
8O

m)  35
17Cl   +   ......      36

18Ar n)  173
75Re   +         88

38Sr   +   ..........Rb

o)  191
83Bi   +   11H      96

42Mo   +   ..........Mo p)  28
14Si   +   42He      ......

q)  157
71Lu   +         98

43Tc   +   ..........Ni r)  ..........Fe      56
26Fe   +   10n

s)  88
38Sr   +   11H      ..........Y t)  69

32Ge      65
30Zn   +   ......
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Answer: a)  41
21Sc      40

20Ca   +   11H b)  15
7N      11

5B   +   42He

c)  24
11Na      24

12Mg   +   0
–1 d)  59

28Ni   +   73
32Ge      131

60Nd   +   10n

e)  24
11Na   +   11H      14

7N   +   11
5B f)  94Be   +   84

36Kr      89
38Sr   +   42He

g)  163
73Ta   +   0

–1      108
47Ag   +   55

25Mn h)  119
53I   +         23

11Na   +   96
42Mo

i)  56
25Mn      55

25Mn   +   10n j)  52
24Cr   +   11H      53

25Mn

k)  32
16S      28

14Si   +   42He l)  19
9F   +   0

–1      19
8O

m)  35
17Cl   +   11H      36

18Ar n)  173
75Re   +         88

38Sr   +   85
37Rb

o)  191
83Bi   +   11H      96

42Mo   +   96
42Mo p)  28

14Si   +   42He      32
16S

q)  157
71Lu   +         98

43Tc   +   59
28Ni r)  57

26Fe      56
26Fe   +   10n

s)  88
38Sr   +   11H      89

39Y t)  69
32Ge      65

30Zn   +   42He

21.  Fill in the blanks in the following nuclear equations:

a)  89
39Y   +   ......      93

41Nb b)  ..........Y      91
40Zr   +   0

–1

c)  59
27Co   +   ..........Sc      103

48Cd   +   10n d)  94Be   +   ..........Br      88
38Sr   +   11H

e)  98
43Tc   +   101

44Ru      195
85At   +   ...... f)  101

44Ru   +   24
12Mg      125

57La   +   ......

g)  83
39Y   +         59

27Co   +   ...... h)  28
14Si   +   ......      29

14Si

i)  40
20Ca   +   11H      ..........Sc j)  39

19K   +   42He      ..........Sc

k)  59
27Co      59

28Ni   +   ...... l)  141
62Sm   +   ......      27

13Al   +   115
49In

m)  88
38Sr   +   ..........V      135

59Pr   +   42He n)  143
63Eu   +   ......      88

38Sr   +   59
27Co

o)  45
21Sc   +   ......      73

36Kr   +   0
–1 p)  64

29Cu   +   11
5B      75

34Se   +   ......

q)  35
17Cl   +   ......      36

17Cl r)  52
24Cr   +   ......      53

25Mn

s)  19
9F   +   42He      ...... t)  145

66Dy   +   0
–1      80

35Br   +   ..........Zn

Answer: a)  89
39Y   +   42He      93

41Nb b)  91
39Y      91

40Zr   +   0
–1

c)  59
27Co   +   45

21Sc      103
48Cd   +   10n d)  94Be   +   80

35Br      88
38Sr   +   11H

e)  98
43Tc   +   101

44Ru      195
85At   +   42He f)  101

44Ru   +   24
12Mg      125

57La   +   0
–1

g)  83
39Y   +         59

27Co   +   24
12Mg h)  28

14Si   +   10n      29
14Si

i)  40
20Ca   +   11H      41

21Sc j)  39
19K   +   42He      43

21Sc

k)  59
27Co      59

28Ni   +   0
–1 l)  141

62Sm   +   10n      27
13Al   +   115

49In

m)  88
38Sr   +   51

23V      135
59Pr   +   42He n)  143

63Eu   +   42He      88
38Sr   +   59

27Co

o)  45
21Sc   +   28

14Si      73
36Kr   +   0

–1 p)  64
29Cu   +   11

5B      75
34Se   +   

q)  35
17Cl   +   10n      36

17Cl r)  52
24Cr   +   11H      53

25Mn

s)  19
9F   +   42He      23

11Na t)  145
66Dy   +   0

–1      80
35Br   +   65

30Zn

14
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22.  Fill in the blanks in the following nuclear equations:

a)  70
30Zn      70

31Ga   +   ...... b)  142
64Gd   +   ......      45

21Sc   +   98
43Tc

c)  116
52Te   +   11H      89

39Y   +   ...... d)  110
48Cd   +   ......      11

5B   +   103
45Rh

e)  113
53I   +   0

–1      48
22Ti   +   ..........Zn f)  24

12Mg   +   ......      56
28Ni   +   

g)  ..........Rb      85
37Rb   +   10n h)  52

24Cr   +   ......      53
25Mn

i)  75
33As   +   42He      ..........Br j)  ......      35

17Cl   +   0
–1

k)  114
54Xe   +   ......      59

28Ni   +   56
26Fe l)  20

10Ne   +   ......      38
18Ar   +   11H

m)  ......      24
12Mg   +   42He n)  126

55Cs   +   ......      11
5B   +   115

49In

o)  188
82Pb   +         85

37Rb   +   ..........Rh p)  14
7N   +   10n      ......

q)  55
25Mn   +   11H      ..........Fe r)  ..........Ga      64

29Cu   +   42He

s)  ..........Ni      64
29Cu   +   0

–1 t)  24
12Mg   +   ......      55

28Ni   +   10n

Answer: a)  70
30Zn      70

31Ga   +   0
–1 b)  142

64Gd   +   10n      45
21Sc   +   98

43Tc

c)  116
52Te   +   11H      89

39Y   +   28
14Si d)  110

48Cd   +   42He      11
5B   +   103

45Rh

e)  113
53I   +   0

–1      48
22Ti   +   65

30Zn f)  24
12Mg   +   32

16S      56
28Ni   +   

g)  86
37Rb      85

37Rb   +   10n h)  52
24Cr   +   11H      53

25Mn

i)  75
33As   +   42He      79

35Br j)  35
16S      35

17Cl   +   0
–1

k)  114
54Xe   +   10n      59

28Ni   +   56
26Fe l)  20

10Ne   +   19
9F      38

18Ar   +   11H

m)  28
14Si      24

12Mg   +   42He n)  126
55Cs   +   0

–1      11
5B   +   115

49In

o)  188
82Pb   +         85

37Rb   +   103
45Rh p)  14

7N   +   10n      15
7N

q)  55
25Mn   +   11H      56

26Fe r)  68
31Ga      64

29Cu   +   42He

s)  64
28Ni      64

29Cu   +   0
–1 t)  24

12Mg   +   32
16S      55

28Ni   +   10n

23.  Fill in the blanks in the following nuclear equations:

a)  99
46Pd   +   10n      55

25Mn   +   ..........Sc b)  103
45Rh   +   96

42Mo      198
86Rn   +   ......

c)  84
36Kr   +   14

7N      94
41Nb   +   ...... d)  105

51Sb   +   0
–1      65

30Zn   +   ......

e)  88
41Nb   +         24

12Mg   +   ..........Cu f)  ..........Kr      84
36Kr   +   10n

g)  73
32Ge   +   ......      74

33As h)  ..........Nb      89
39Y   +   42He

i)  84
35Br      84

36Kr   +   ...... j)  101
44Ru   +   84

36Kr      184
80Hg   +   ......

k)  91
40Zr   +   11H      12

6C   +   ..........Br l)  106
46Pd   +   42He      101

44Ru   +   ......

m)  86
41Nb   +   ......      31

15P   +   55
25Mn n)  97

42Mo   +         88
38Sr   +   ......

o)  ..........Mn      55
25Mn   +   10n p)  23

11Na   +   ......      24
12Mg

q)  74
33As      70

31Ga   +   ...... r)  19
9F   +   ..........Tc      113

50Sn   +   42He

s)  42He   +   ......      30
15P   +   10n t)  51

23V   +   42He      54
24Cr   +   ......

15
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Answer: a)  99
46Pd   +   10n      55

25Mn   +   45
21Sc b)  103

45Rh   +   96
42Mo      198

86Rn   +   11H

c)  84
36Kr   +   14

7N      94
41Nb   +   42He d)  105

51Sb   +   0
–1      65

30Zn   +   40
20Ca

e)  88
41Nb   +         24

12Mg   +   64
29Cu f)  85

36Kr      84
36Kr   +   10n

g)  73
32Ge   +   11H      74

33As h)  93
41Nb      89

39Y   +   42He

i)  84
35Br      84

36Kr   +   0
–1 j)  101

44Ru   +   84
36Kr      184

80Hg   +   10n

k)  91
40Zr   +   11H      12

6C   +   80
35Br l)  106

46Pd   +   42He      101
44Ru   +   94Be

m)  86
41Nb   +   0

–1      31
15P   +   55

25Mn n)  97
42Mo   +         88

38Sr   +   94Be

o)  56
25Mn      55

25Mn   +   10n p)  23
11Na   +   11H      24

12Mg

q)  74
33As      70

31Ga   +   42He r)  19
9F   +   98

43Tc      113
50Sn   +   42He

s)  42He   +   27
13Al      30

15P   +   10n t)  51
23V   +   42He      54

24Cr   +   11H

24.  Fill in the blanks in the following nuclear equations:

a)  19
9F   +   ..........Ag      126

55Cs   +   11H b)  12
6C   +   ..........Cr      60

28Ni   +   42He

c)  115
53I   +   ......      51

23V   +   64
29Cu d)  118

53I   +   ......      70
31Ga   +   48

22Ti

e)  66
30Zn      65

30Zn   +   ...... f)  51
23V   +   ......      52

24Cr

g)  16
8O   +   ......      20

10Ne h)  89
39Y   +   0

–1      ..........Sr

i)  108
47Ag   +   ......      126

56Ba   +   10n j)  107
49In   +   11H      52

24Cr   +   ..........Fe

k)  90
40Zr   +   ......      75

33As   +   19
9F l)  146

65Tb   +   0
–1      73

32Ge   +   ..........Ge

m)  119
54Xe   +         28

14Si   +   ..........Zr n)  ......      31
15P   +   10n

o)  16
8O   +   ......      17

9F p)  20
10Ne      16

8O   +   ......

q)  ......      40
18Ar   +   0

–1 r)  164
73Ta   +   ......      59

27Co   +   106
46Pd

s)  31
15P   +   ..........Cr      82

38Sr   +   11H t)  124
55Cs   +   ......      108

47Ag   +   20
10Ne

Answer: a)  19
9F   +   108

47Ag      126
55Cs   +   11H b)  12

6C   +   52
24Cr      60

28Ni   +   42He

c)  115
53I   +   0

–1      51
23V   +   64

29Cu d)  118
53I   +         70

31Ga   +   48
22Ti

e)  66
30Zn      65

30Zn   +   10n f)  51
23V   +   11H      52

24Cr

g)  16
8O   +   42He      20

10Ne h)  89
39Y   +   0

–1      89
38Sr

i)  108
47Ag   +   19

9F      126
56Ba   +   10n j)  107

49In   +   11H      52
24Cr   +   56

26Fe

k)  90
40Zr   +   42He      75

33As   +   19
9F l)  146

65Tb   +   0
–1      73

32Ge   +   73
32Ge

m)  119
54Xe   +         28

14Si   +   91
40Zr n)  32

15P      31
15P   +   10n

o)  16
8O   +   11H      17

9F p)  20
10Ne      16

8O   +   42He

q)  40
17Cl      40

18Ar   +   0
–1 r)  164

73Ta   +   10n      59
27Co   +   106

46Pd

s)  31
15P   +   52

24Cr      82
38Sr   +   11H t)  124

55Cs   +   42He      108
47Ag   +   20

10Ne
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25.  Fill in the blanks in the following nuclear equations:

a)  100
44Ru   +   ......      93

41Nb   +   11
5B b)  23

11Na   +   ......      54
27Co   +   0

–1

c)  138
59Pr   +         19

9F   +   ..........Sn d)  35
17Cl   +   10n      ......

e)  ..........Cr      51
23V   +   11H f)  ......      11

5B   +   42He

g)  ..........Y      91
40Zr   +   0

–1 h)  51
24Cr   +   ......      42He   +   48

22Ti

i)  31
15P   +   108

47Ag      138
61Pm   +   ...... j)  101

45Rh   +   11H      75
33As   +   ......

k)  119
54Xe   +   0

–1      16
8O   +   ..........Rh l)  118

53I   +         48
22Ti   +   ..........Ga

m)  10
4Be      94Be   +   ...... n)  71

32Ge      70
31Ga   +   ......

o)  45
21Sc   +   42He      ..........V p)  ..........Ni      64

29Cu   +   0
–1

q)  52
24Cr   +   ......      62

29Cu   +   10n r)  93
41Nb   +   88

38Sr      180
78Pt   +   ......

s)  92
42Mo   +   42He      45

21Sc   +   ..........V t)  16
8O   +   ......      56

29Cu   +   0
–1

Answer: a)  100
44Ru   +   42He      93

41Nb   +   11
5B b)  23

11Na   +   31
15P      54

27Co   +   0
–1

c)  138
59Pr   +         19

9F   +   119
50Sn d)  35

17Cl   +   10n      36
17Cl

e)  52
24Cr      51

23V   +   11H f)  15
7N      11

5B   +   42He

g)  91
39Y      91

40Zr   +   0
–1 h)  51

24Cr   +   10n      42He   +   48
22Ti

i)  31
15P   +   108

47Ag      138
61Pm   +   11H j)  101

45Rh   +   11H      75
33As   +   27

13Al

k)  119
54Xe   +   0

–1      16
8O   +   103

45Rh l)  118
53I   +         48

22Ti   +   70
31Ga

m)  10
4Be      94Be   +   10n n)  71

32Ge      70
31Ga   +   11H

o)  45
21Sc   +   42He      49

23V p)  64
28Ni      64

29Cu   +   0
–1

q)  52
24Cr   +   11

5B      62
29Cu   +   10n r)  93

41Nb   +   88
38Sr      180

78Pt   +   11H

s)  92
42Mo   +   42He      45

21Sc   +   51
23V t)  16

8O   +   40
20Ca      56

29Cu   +   0
–1

26.  Fill in the blanks in the following nuclear equations:

a)  201
89Ac   +   ......      103

45Rh   +   98
43Tc b)  189

81Tl   +   ......      119
50Sn   +   70

31Ga

c)  36
17Cl      35

17Cl   +   ...... d)  74
33As      73

32Ge   +   ......

e)  45
21Sc   +   42He      ..........V f)  ......      39

19K   +   0
–1

g)  59
28Ni   +   112

48Cd      170
76Os   +   ...... h)  20

10Ne   +   ..........Se      98
43Tc   +   11H

i)  199
86Rn   +   ......      112

48Cd   +   91
40Zr j)  171

76Os   +   0
–1      70

31Ga   +   ..........Ru

k)  44
22Ti   +   ......      24

12Mg   +   20
10Ne l)  64

29Cu   +   ......      65
29Cu

m)  ..........Kr      80
35Br   +   11H n)  ..........Nb      89

39Y   +   42He

o)  19
9F   +   103

45Rh      121
53I   +   ...... p)  158

69Tm   +   ......      84
36Kr   +   75

33As

q)  61
27Co   +   ......      51

23V   +   11
5B r)  194

82Pb   +   ......      79
34Se   +   119

50Sn

s)  85
37Rb   +   ..........Zn      150

68Er   +   0
–1 t)  131

57La   +         16
8O   +   ..........In
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Answer: a)  201
89Ac   +   0

–1      103
45Rh   +   98

43Tc b)  189
81Tl   +         119

50Sn   +   70
31Ga

c)  36
17Cl      35

17Cl   +   10n d)  74
33As      73

32Ge   +   11H

e)  45
21Sc   +   42He      49

23V f)  39
18Ar      39

19K   +   0
–1

g)  59
28Ni   +   112

48Cd      170
76Os   +   10n h)  20

10Ne   +   79
34Se      98

43Tc   +   11H

i)  199
86Rn   +   42He      112

48Cd   +   91
40Zr j)  171

76Os   +   0
–1      70

31Ga   +   101
44Ru

k)  44
22Ti   +         24

12Mg   +   20
10Ne l)  64

29Cu   +   10n      65
29Cu

m)  81
36Kr      80

35Br   +   11H n)  93
41Nb      89

39Y   +   42He

o)  19
9F   +   103

45Rh      121
53I   +   11H p)  158

69Tm   +   10n      84
36Kr   +   75

33As

q)  61
27Co   +   11H      51

23V   +   11
5B r)  194

82Pb   +   42He      79
34Se   +   119

50Sn

s)  85
37Rb   +   65

30Zn      150
68Er   +   0

–1 t)  131
57La   +         16

8O   +   115
49In

27.  Fill in the blanks in the following nuclear equations:

a)  103
45Rh   +   70

31Ga      173
76Os   +   ...... b)  ......      32

16S   +   10n

c)  ..........Sr      85
37Rb   +   11H d)  56

26Fe   +   ......      60
28Ni

e)  40
19K      40

20Ca   +   ...... f)  80
35Br   +   12

6C      91
41Nb   +   ......

g)  35
17Cl   +   ......      58

28Ni   +   11H h)  104
46Pd   +   ......      23

11Na   +   85
37Rb

i)  45
21Sc   +   75

33As      120
55Cs   +   ...... j)  55

25Mn   +   ..........Cd      167
73Ta   +   

k)  90
39Y      89

39Y   +   ...... l)  60
29Cu      59

28Ni   +   ......

m)  18
9F      14

7N   +   ...... n)  ......      23
11Na   +   0

–1

o)  148
65Tb   +   ......      79

34Se   +   70
31Ga p)  142

62Sm   +   ......      28
14Si   +   115

49In

q)  84
36Kr   +   ..........Co      139

61Pm   +   42He r)  51
23V   +   ......      78

37Rb   +   0
–1

s)  88
38Sr   +   ..........Y      177

77Ir   +    t)  94Be   +   ......      10
4Be

Answer: a)  103
45Rh   +   70

31Ga      173
76Os   +    b)  33

16S      32
16S   +   10n

c)  86
38Sr      85

37Rb   +   11H d)  56
26Fe   +   42He      60

28Ni

e)  40
19K      40

20Ca   +   0
–1 f)  80

35Br   +   12
6C      91

41Nb   +   10n

g)  35
17Cl   +   24

12Mg      58
28Ni   +   11H h)  104

46Pd   +   42He      23
11Na   +   85

37Rb

i)  45
21Sc   +   75

33As      120
55Cs   +   0

–1 j)  55
25Mn   +   112

48Cd      167
73Ta   +   

k)  90
39Y      89

39Y   +   10n l)  60
29Cu      59

28Ni   +   11H

m)  18
9F      14

7N   +   42He n)  23
10Ne      23

11Na   +   0
–1

o)  148
65Tb   +   10n      79

34Se   +   70
31Ga p)  142

62Sm   +   11H      28
14Si   +   115

49In

q)  84
36Kr   +   59

27Co      139
61Pm   +   42He r)  51

23V   +   27
13Al      78

37Rb   +   0
–1

s)  88
38Sr   +   89

39Y      177
77Ir   +    t)  94Be   +   10n      10

4Be

18
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28.  Fill in the blanks in the following nuclear equations:

a)  ..........Zn      59
28Ni   +   42He b)  ..........Mn      52

24Cr   +   11H

c)  68
31Ga      64

29Cu   +   ...... d)  64
28Ni      64

29Cu   +   ......

e)  101
44Ru   +   106

46Pd      206
90Th   +   ...... f)  101

44Ru   +   106
46Pd      206

89Ac   +   ......

g)  125
56Ba   +   42He      98

43Tc   +   ...... h)  52
24Cr   +   ..........Kr      136

60Nd   +   

i)  148
67Ho   +   ......      89

39Y   +   59
28Ni j)  20

9F      19
9F   +   ......

k)  85
37Rb   +   11H      ..........Sr l)  43

21Sc      39
19K   +   ......

m)  24
12Mg   +   ......      24

11Na n)  73Li   +   45
21Sc      51

24Cr   +   ......

o)  190
82Pb   +   ......      106

46Pd   +   85
37Rb p)  101

44Ru   +   89
39Y      186

81Tl   +   ......

q)  11
5B   +   51

23V      62
29Cu   +   ...... r)  159

70Yb   +   ......      108
47Ag   +   51

23V

s)  84
36Kr   +   10n      ..........Kr t)  88

38Sr   +   ......      89
39Y

Answer: a)  63
30Zn      59

28Ni   +   42He b)  53
25Mn      52

24Cr   +   11H

c)  68
31Ga      64

29Cu   +   42He d)  64
28Ni      64

29Cu   +   0
–1

e)  101
44Ru   +   106

46Pd      206
90Th   +   10n f)  101

44Ru   +   106
46Pd      206

89Ac   +   11H

g)  125
56Ba   +   42He      98

43Tc   +   31
15P h)  52

24Cr   +   84
36Kr      136

60Nd   +   

i)  148
67Ho   +         89

39Y   +   59
28Ni j)  20

9F      19
9F   +   10n

k)  85
37Rb   +   11H      86

38Sr l)  43
21Sc      39

19K   +   42He

m)  24
12Mg   +   0

–1      24
11Na n)  73Li   +   45

21Sc      51
24Cr   +   10n

o)  190
82Pb   +   11H      106

46Pd   +   85
37Rb p)  101

44Ru   +   89
39Y      186

81Tl   +   42He

q)  11
5B   +   51

23V      62
29Cu   +   0

–1 r)  159
70Yb   +         108

47Ag   +   51
23V

s)  84
36Kr   +   10n      85

36Kr t)  88
38Sr   +   11H      89

39Y

29.  Fill in the blanks in the following nuclear equations:

a)  16
8O   +   ......      17

9F b)  13
6C      94Be   +   ......

c)  59
28Ni   +   ......      59

27Co d)  112
50Sn   +   10n      73

32Ge   +   ......

e)  101
44Ru   +   11H      11

5B   +   ..........Zr f)  64
29Cu   +   ......      59

27Co   +   94Be

g)  93
41Nb   +   ..........Cd      205

90Th   +   0
–1 h)  107

48Cd   +         80
35Br   +   ......

i)  ..........Cu      64
29Cu   +   10n j)  ......      94Be   +   11H

k)  24
12Mg   +   ......      28

14Si l)  ......      24
12Mg   +   0

–1

m)  102
46Pd   +   ......      12

6C   +   91
40Zr n)  101

44Ru   +   ......      94Be   +   93
41Nb

o)  148
64Gd   +   ......      112

48Cd   +   40
18Ar p)  112

51Sb   +   ......      19
9F   +   93

41Nb

q)  109
49In   +         85

37Rb   +   ...... r)  40
18Ar   +   ......      41

18Ar

s)  81
36Kr      80

35Br   +   ...... t)  32
16S   +   ......      36

18Ar

19
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Answer: a)  16
8O   +   11H      17

9F b)  13
6C      94Be   +   42He

c)  59
28Ni   +   0

–1      59
27Co d)  112

50Sn   +   10n      73
32Ge   +   40

18Ar

e)  101
44Ru   +   11H      11

5B   +   91
40Zr f)  64

29Cu   +   42He      59
27Co   +   94Be

g)  93
41Nb   +   112

48Cd      205
90Th   +   0

–1 h)  107
48Cd   +         80

35Br   +   27
13Al

i)  65
29Cu      64

29Cu   +   10n j)  10
5B      94Be   +   11H

k)  24
12Mg   +   42He      28

14Si l)  24
11Na      24

12Mg   +   0
–1

m)  102
46Pd   +   10n      12

6C   +   91
40Zr n)  101

44Ru   +   11H      94Be   +   93
41Nb

o)  148
64Gd   +   42He      112

48Cd   +   40
18Ar p)  112

51Sb   +   0
–1      19

9F   +   93
41Nb

q)  109
49In   +         85

37Rb   +   24
12Mg r)  40

18Ar   +   10n      41
18Ar

s)  81
36Kr      80

35Br   +   11H t)  32
16S   +   42He      36

18Ar

30.  Fill in the blanks in the following nuclear equations:

a)  28
14Si      24

12Mg   +   ...... b)  70
31Ga   +   0

–1      ..........Zn

c)  70
31Ga   +   70

31Ga      139
62Sm   +   ...... d)  190

82Pb   +   11H      88
38Sr   +   ..........Rh

e)  108
47Ag   +   ..........Sc      149

66Dy   +   42He f)  168
75Re   +   ......      70

31Ga   +   98
43Tc

g)  35
17Cl   +   ..........Pd      141

63Eu   +    h)  85
37Rb   +   10n      ..........Rb

i)  ..........Cr      51
23V   +   11H j)  11

5B   +   ......      15
7N

k)  ......      73Li   +   0
–1 l)  56

26Fe   +   91
40Zr      146

66Dy   +   ......

m)  48
22Ti   +   ..........Pd      153

67Ho   +   11H n)  204
88Ra   +   ......      112

48Cd   +   96
42Mo

o)  108
51Sb   +   0

–1      52
24Cr   +   ..........Fe p)  115

49In   +   ......      142
63Eu   +   0

–1

q)  ..........Sr      88
38Sr   +   10n r)  212

92U   +   10n      115
49In   +   ..........Tc

s)  64
29Cu   +   42He      ..........Ga t)  35

17Cl   +   ......      35
16S

Answer: a)  28
14Si      24

12Mg   +   42He b)  70
31Ga   +   0

–1      70
30Zn

c)  70
31Ga   +   70

31Ga      139
62Sm   +   10n d)  190

82Pb   +   11H      88
38Sr   +   103

45Rh

e)  108
47Ag   +   45

21Sc      149
66Dy   +   42He f)  168

75Re   +   0
–1      70

31Ga   +   98
43Tc

g)  35
17Cl   +   106

46Pd      141
63Eu   +    h)  85

37Rb   +   10n      86
37Rb

i)  52
24Cr      51

23V   +   11H j)  11
5B   +   42He      15

7N

k)  72He      73Li   +   0
–1 l)  56

26Fe   +   91
40Zr      146

66Dy   +   10n

m)  48
22Ti   +   106

46Pd      153
67Ho   +   11H n)  204

88Ra   +   42He      112
48Cd   +   96

42Mo

o)  108
51Sb   +   0

–1      52
24Cr   +   56

26Fe p)  115
49In   +   27

13Al      142
63Eu   +   0

–1

q)  89
38Sr      88

38Sr   +   10n r)  212
92U   +   10n      115

49In   +   98
43Tc

s)  64
29Cu   +   42He      68

31Ga t)  35
17Cl   +   0

–1      35
16S
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31.  Fill in the blanks in the following nuclear equations:

a)  ......      24
12Mg   +   0

–1 b)  98
44Ru   +   ......      20

10Ne   +   79
34Se

c)  117
51Sb   +   11H      106

46Pd   +   ...... d)  27
13Al   +   106

46Pd      129
57La   +   ......

e)  101
46Pd   +   0

–1      89
39Y   +   ...... f)  89

39Y   +   ..........Rb      174
76Os   +   

g)  ..........Br      80
35Br   +   10n h)  ......      27

13Al   +   11H

i)  ......      73Li   +   42He j)  ..........V      52
24Cr   +   0

–1

k)  31
15P   +   75

33As      105
48Cd   +   ...... l)  103

45Rh   +   28
14Si      130

58Ce   +   ......

m)  89
39Y   +   ..........Sn      204

87Fr   +   42He n)  24
12Mg   +   55

25Mn      75
35Br   +   ......

o)  112
48Cd   +   ......      147

65Tb   +    p)  28
14Si   +   10n      ......

q)  27
13Al   +   11H      ...... r)  83

36Kr      79
34Se   +   ......

s)  88
37Rb      88

38Sr   +   ...... t)  20
10Ne   +   ......      47

24Cr   +   10n

Answer: a)  24
11Na      24

12Mg   +   0
–1 b)  98

44Ru   +   10n      20
10Ne   +   79

34Se

c)  117
51Sb   +   11H      106

46Pd   +   12
6C d)  27

13Al   +   106
46Pd      129

57La   +   42He

e)  101
46Pd   +   0

–1      89
39Y   +   12

6C f)  89
39Y   +   85

37Rb      174
76Os   +   

g)  81
35Br      80

35Br   +   10n h)  28
14Si      27

13Al   +   11H

i)  11
5B      73Li   +   42He j)  52

23V      52
24Cr   +   0

–1

k)  31
15P   +   75

33As      105
48Cd   +   10n l)  103

45Rh   +   28
14Si      130

58Ce   +   11H

m)  89
39Y   +   119

50Sn      204
87Fr   +   42He n)  24

12Mg   +   55
25Mn      75

35Br   +   42He

o)  112
48Cd   +   35

17Cl      147
65Tb   +    p)  28

14Si   +   10n      29
14Si

q)  27
13Al   +   11H      28

14Si r)  83
36Kr      79

34Se   +   42He

s)  88
37Rb      88

38Sr   +   0
–1 t)  20

10Ne   +   28
14Si      47

24Cr   +   10n

32.  Fill in the blanks in the following nuclear equations:

a)  67
32Ge   +   10n      56

26Fe   +   ...... b)  147
65Tb   +   11H      45

21Sc   +   ..........Rh

c)  84
40Zr   +   42He      56

26Fe   +   ...... d)  206
90Th   +   0

–1      115
49In   +   ..........Zr

e)  98
43Tc   +   93

41Nb      191
85At   +   ...... f)  103

45Rh   +   112
48Cd      211

91Pa   +   ......

g)  25
13Al      24

12Mg   +   ...... h)  94Be   +   ......      13
6C

i)  11
5B   +   ......      11

4Be j)  198
87Fr   +   10n      91

40Zr   +   ..........Ag

k)  157
68Er   +   11H      73

32Ge   +   ..........Rb l)  107
49In   +   ......      52

24Cr   +   59
27Co

m)  112
52Te   +   ......      39

19K   +   73
32Ge n)  58

28Ni   +         19
9F   +   ......

o)  75
33As   +   10n      ..........As p)  53Li      42He   +   ......

q)  ..........Ge      65
30Zn   +   42He r)  73Li   +   0

–1      ......

s)  133
60Nd   +   ......      70

31Ga   +   64
29Cu t)  55

25Mn   +   ..........Sc      99
45Rh   +   11H
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Answer: a)  67
32Ge   +   10n      56

26Fe   +   12
6C b)  147

65Tb   +   11H      45
21Sc   +   103

45Rh

c)  84
40Zr   +   42He      56

26Fe   +   32
16S d)  206

90Th   +   0
–1      115

49In   +   91
40Zr

e)  98
43Tc   +   93

41Nb      191
85At   +   0

–1 f)  103
45Rh   +   112

48Cd      211
91Pa   +   42He

g)  25
13Al      24

12Mg   +   11H h)  94Be   +   42He      13
6C

i)  11
5B   +   0

–1      11
4Be j)  198

87Fr   +   10n      91
40Zr   +   108

47Ag

k)  157
68Er   +   11H      73

32Ge   +   85
37Rb l)  107

49In   +   42He      52
24Cr   +   59

27Co

m)  112
52Te   +   0

–1      39
19K   +   73

32Ge n)  58
28Ni   +         19

9F   +   39
19K

o)  75
33As   +   10n      76

33As p)  53Li      42He   +   11H

q)  69
32Ge      65

30Zn   +   42He r)  73Li   +   0
–1      72He

s)  133
60Nd   +   10n      70

31Ga   +   64
29Cu t)  55

25Mn   +   45
21Sc      99

45Rh   +   11H

33.  Fill in the blanks in the following nuclear equations:

a)  119
53I   +   11H      75

33As   +   ..........Sc b)  96
42Mo   +   23

11Na      115
51Sb   +   ......

c)  12
6C   +   10n      ...... d)  144

64Gd   +   ......      56
26Fe   +   88

38Sr

e)  71
31Ga      70

31Ga   +   ...... f)  90
40Zr      89

39Y   +   ......

g)  84
37Rb      80

35Br   +   ...... h)  40
17Cl      40

18Ar   +   ......

i)  184
80Hg   +   10n      115

49In   +   ..........Ga j)  162
70Yb   +   11H      115

49In   +   ..........Ti

k)  169
73Ta   +   42He      89

39Y   +   ..........Kr l)  103
45Rh   +   24

12Mg      127
58Ce   +   ......

m)  23
11Na   +   52

24Cr      75
35Br   +   ...... n)  85

36Kr      84
36Kr   +   ......

o)  ..........Kr      79
34Se   +   42He p)  ......      94Be   +   42He

q)  55
25Mn   +   ......      55

24Cr r)  88
38Sr   +   ..........Rb      172

75Re   +   10n

s)  59
27Co   +   ......      89

41Nb   +   11H t)  117
52Te   +   ......      23

11Na   +   98
43Tc

Answer: a)  119
53I   +   11H      75

33As   +   45
21Sc b)  96

42Mo   +   23
11Na      115

51Sb   +   42He

c)  12
6C   +   10n      13

6C d)  144
64Gd   +         56

26Fe   +   88
38Sr

e)  71
31Ga      70

31Ga   +   10n f)  90
40Zr      89

39Y   +   11H

g)  84
37Rb      80

35Br   +   42He h)  40
17Cl      40

18Ar   +   0
–1

i)  184
80Hg   +   10n      115

49In   +   70
31Ga j)  162

70Yb   +   11H      115
49In   +   48

22Ti

k)  169
73Ta   +   42He      89

39Y   +   84
36Kr l)  103

45Rh   +   24
12Mg      127

58Ce   +   0
–1

m)  23
11Na   +   52

24Cr      75
35Br   +    n)  85

36Kr      84
36Kr   +   10n

o)  83
36Kr      79

34Se   +   42He p)  13
6C      94Be   +   42He

q)  55
25Mn   +   0

–1      55
24Cr r)  88

38Sr   +   85
37Rb      172

75Re   +   10n

s)  59
27Co   +   31

15P      89
41Nb   +   11H t)  117

52Te   +   42He      23
11Na   +   98

43Tc
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34.  The isotope 120
50Sn has a mass of 119.902197 u. Calculate:

a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 1.06817 u    b) 994.994 MeV      c) 8.29162 MeV/nucleon

35.  The isotope 22
10Ne has a mass of 21.9913855 u. Find out:

a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.1853582 u    b) 172.66 MeV      c) 7.84818 MeV/nucleon

36.  The isotope 53
24Cr has a mass of 52.9406538 u. Find out:

a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.485264 u    b) 452.021 MeV      c) 8.52869 MeV/nucleon

37.  The isotope 63Li has a mass of 6.0151223 u. Calculate:

a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.03270185 u    b) 30.4616 MeV      c) 5.07693 MeV/nucleon
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38.  The isotope 41
19K has a mass of 40.961826 u. Calculate:

a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.3670551 u    b) 341.91 MeV      c) 8.33926 MeV/nucleon

39.  The isotope 195
78Pt has a mass of 194.964774 u. Find out:

a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 1.616586 u    b) 1505.84 MeV      c) 7.72226 MeV/nucleon

40.  An isotope of aluminium has 13 protons, 14 neutrons, and a mass of 26.9815384 u. Determine:
a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.2343645 u    b) 218.309 MeV      c) 8.08552 MeV/nucleon

41.  The isotope nickel–58 has 28 protons and a mass of 57.9353479 u. Determine:
a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.5283407 u    b) 492.146 MeV      c) 8.48528 MeV/nucleon
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42.  An isotope of carbon has 6 protons, 6 neutrons, and a mass of 12 u. Find out:
a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.0956483 u    b) 89.0958 MeV      c) 7.42465 MeV/nucleon

43.  An isotope of calcium has 20 protons, 26 neutrons, and a mass of 45.9536928 u. Find out:
a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.4171244 u    b) 388.549 MeV      c) 8.44671 MeV/nucleon

44.  The isotope 209
84Po has a mass of 208.982416 u. Determine:

a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 1.711922 u    b) 1594.64 MeV      c) 7.62988 MeV/nucleon

45.  An isotope of sulfur has 16 protons, 16 neutrons, and a mass of 31.9720707 u. Calculate:
a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.2829914 u    b) 263.605 MeV      c) 8.23765 MeV/nucleon
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46.  The isotope 79
35Br has a mass of 78.9183376 u. Calculate:

a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.7175951 u    b) 668.436 MeV      c) 8.46121 MeV/nucleon

47.  The isotope oxygen–16 has 8 protons and a mass of 15.9949146 u. Find out:
a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.1326164 u    b) 123.531 MeV      c) 7.72071 MeV/nucleon

48.  The isotope titanium–48 has 22 protons and a mass of 47.9479471 u. Determine:
a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.437423 u    b) 407.457 MeV      c) 8.48869 MeV/nucleon

49.  The isotope 238
92U has a mass of 238.050783 u. Determine:

a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 1.88373 u    b) 1754.68 MeV      c) 7.37262 MeV/nucleon
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50.  The isotope 37
17Cl has a mass of 36.9659026 u. Calculate:

a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.3310957 u    b) 308.414 MeV      c) 8.3355 MeV/nucleon

51.  The isotope 112
48Cd has a mass of 111.902757 u. Find out:

a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 1.001068 u    b) 932.489 MeV      c) 8.32579 MeV/nucleon

52.  An isotope of neon has 10 protons, 11 neutrons, and a mass of 20.9938467 u. Determine:
a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.174232 u    b) 162.296 MeV      c) 7.72839 MeV/nucleon

53.  The isotope 50
24Cr has a mass of 49.9460496 u. Determine:

a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.4538734 u    b) 422.78 MeV      c) 8.45561 MeV/nucleon
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54.  An isotope of helium has 2 protons, 2 neutrons, and a mass of 4.00260325 u. Find out:
a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.02927952 u    b) 27.2737 MeV      c) 6.81842 MeV/nucleon

55.  The isotope 40
19K has a mass of 39.9639987 u. Calculate:

a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.3562174 u    b) 331.814 MeV      c) 8.29536 MeV/nucleon

56.  An isotope of barium has 56 protons, 82 neutrons, and a mass of 137.905241 u. Find out:
a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 1.212764 u    b) 1129.68 MeV      c) 8.18611 MeV/nucleon

57.  The isotope magnesium–26 has 12 protons and a mass of 25.982593 u. Determine:
a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.2260334 u    b) 210.549 MeV      c) 8.09803 MeV/nucleon

28



99 problems: nuclear physics  

58.  An isotope of cobalt has 27 protons, 32 neutrons, and a mass of 58.9332002 u. Calculate:
a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.5405417 u    b) 503.511 MeV      c) 8.53409 MeV/nucleon

59.  An isotope of boron has 5 protons, 6 neutrons, and a mass of 11.0093055 u. Calculate:
a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.07906633 u    b) 73.6498 MeV      c) 6.69544 MeV/nucleon

60.  The isotope 44
20Ca has a mass of 43.9554811 u. Find out:

a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.3980062 u    b) 370.74 MeV      c) 8.42592 MeV/nucleon

61.  The isotope bismuth–209 has 83 protons and a mass of 208.980384 u. Determine:
a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 1.715342 u    b) 1597.83 MeV      c) 7.64512 MeV/nucleon
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62.  An isotope of phosphorus has 15 protons, 16 neutrons, and a mass of 30.9737615 u. Calculate:
a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.2740242 u    b) 255.252 MeV      c) 8.23393 MeV/nucleon

63.  The isotope selenium–80 has 34 protons and a mass of 79.9165218 u. Find out:
a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.7294642 u    b) 679.492 MeV      c) 8.49365 MeV/nucleon

64.  An isotope of nitrogen has 7 protons, 8 neutrons, and a mass of 15.0001089 u. Find out:
a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.1201457 u    b) 111.915 MeV      c) 7.461 MeV/nucleon

65.  The isotope 47
22Ti has a mass of 46.9517638 u. Determine:

a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 0.4249414 u    b) 395.83 MeV      c) 8.42192 MeV/nucleon
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66.  The isotope 232
90Th has a mass of 232.03805 u. Calculate:

a) Mass defect in atomic mass units (u).
b) Nuclear binding energy in MeV.
c) Binding energy per nucleon in MeV/nucleon.

  Data: Proton mass: mp = 1.007 276 467 u.  Neutron mass: mn = 1.008 664 916 u

1 eV = 1.602 176 621×10–19 J,   1 u = 1.660 539 04×10–27 kg,   c = 299 792 458 m/s

Answer: a) 1.84725 u    b) 1720.7 MeV      c) 7.41682 MeV/nucleon

67.  The isotope potassium–40 has a half–life of 1.277×109 years. Determine:
    a) Its decay–constant.
    b) Its mean–life.
    c) If we start with 417 g of potassium–40, how many grams will remain after 4.815×108 years?
Answer: a) 5.428×10–10 years–1      b) 1.842×109 years      c) 321.1 g

68.  Assume we started with 54 g of carbon–14. After 6601 years there are 24.3 g of isotope remaining. 
Determine:
    a) The decay–constant.
    b) Its mean–life.
    c) The half–life.
Answer: a) 1.210×10–4 years–1      b) 8267 years      c) 5730 years

69.  The isotope bismuth–207 has a half–life of 31.55 years. Calculate:
    a) Its decay–constant.
    b) The mean–life.
    c) If we start with 81 g of bismuth–207, how many grams will remain after 56.34 years?
Answer: a) 0.02197 years–1      b) 45.52 years      c) 23.49 g

70.  The mean–life of cadmium–109 is 667.4 days. Find out:
    a) Its half–life.
    b) The decay–constant.
    c) If we have 461 g of isotope, how much time will pass before the amount is reduced to 304.3 g?
Answer: a) 462.6 days      b) 1.498×10–3 days–1      c) 277.3 days

71.  The isotope oxygen–15 has a half–life of 122 s. Find out:
    a) The decay–constant.
    b) Mean–life.
    c) If we start with 437 g of oxygen–15, how many grams will remain after 67.88 s?
Answer: a) 5.682×10–3 s–1      b) 176 s      c) 297.2 g
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72.  Assume we started with 264 g of 8 Be. After 1.556×10–16 s there are 89.76 g of isotope remaining. 

Determine:
    a) Its decay–constant.
    b) The mean–life.
    c) Half–life.
Answer: a) 6.931×1015 s–1      b) 1.443×10–16 s      c) 1.000×10–16 s

73.  The isotope polonium–213 has a half–life of 4.000×10–6 s. Calculate:
    a) The decay–constant.
    b) Its mean–life.
    c) If we start with 363 g of polonium–213, how many grams will remain after 6.226×10–6 s?
Answer: a) 1.733×105 s–1      b) 5.771×10–6 s      c) 123.4 g

74.  The decay–constant of 28
 Al is 0.3081 minutes–1. Calculate:

    a) The half–life.
    b) The mean–life.
    c) How long will it take 213 g of the isotope to disintegrate to 40.47 g?
Answer: a) 2.25 minutes      b) 3.246 minutes      c) 5.391 minutes

75.  The isotope lead–210 has a half–life of 22.3 years. Find out:
    a) Its decay–constant.
    b) Its mean–life.
    c) If we start with 236 g of lead–210, how many grams will remain after 6.385 years?
Answer: a) 0.03108 years–1      b) 32.17 years      c) 193.5 g

76.  Assume we started with 394 g of francium–221. After 3.893 minutes there are 224.6 g of isotope 
remaining. Determine:
    a) Its decay–constant.
    b) The mean–life.
    c) Half–life.
Answer: a) 0.1444 minutes–1      b) 6.925 minutes      c) 4.8 minutes

77.  The isotope actinium–226 has a half–life of 29.37 hours. Determine:
    a) The decay–constant.
    b) Mean–life.
    c) If we start with 161 g of actinium–226, how many grams will remain after 41 hours?
Answer: a) 0.0236 hours–1      b) 42.37 hours      c) 61.18 g
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78.  The isotope 137
 Cs has a half–life of 30.07 years. Calculate:

    a) The decay–constant.
    b) Its mean–life.

    c) If we start with 406 g of 137
 Cs, how many grams will remain after 5.546 years?

Answer: a) 0.02305 years–1      b) 43.38 years      c) 357.3 g

79.  The isotope thorium–231 has a half–life of 25.5 hours. Determine:
    a) The decay–constant.
    b) Mean–life.
    c) How long will it take 208 g of the isotope to disintegrate to 183 g?
Answer: a) 0.02718 hours–1      b) 36.79 hours      c) 4.703 hours

80.  The isotope sodium–22 has a half–life of 2.602 years. Calculate:
    a) The decay–constant.
    b) Mean–life.
    c) If we start with 350 g of sodium–22, how many grams will remain after 1.503 years?
Answer: a) 0.2664 years–1      b) 3.754 years      c) 234.5 g

81.  Assume we started with 421 g of 32
 Si. After 224.7 years there are 168.4 g of isotope remaining. Find 

out:
    a) The decay–constant.
    b) Its mean–life.
    c) Its half–life.
Answer: a) 4.077×10–3 years–1      b) 245.3 years      c) 170 years

82.  The isotope 33
 P has a half–life of 25.3 days. Find out:

    a) Its decay–constant.
    b) Mean–life.

    c) If we start with 212 g of 33
 P, how many grams will remain after 23.87 days?

Answer: a) 0.0274 days–1      b) 36.5 days      c) 110.2 g

83.  The mean–life of sulfur–35 is 126 days. Determine:
    a) The half–life.
    b) The decay–constant.
    c) If we have 229 g of isotope, how much time will pass before the amount is reduced to 206.1 g?
Answer: a) 87.32 days      b) 7.938×10–3 days–1      c) 13.27 days
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84.  The isotope uranium–235 has a half–life of 7.038×108 años. Calculate:
    a) The decay–constant.
    b) Its mean–life.
    c) If we start with 496 g of uranium–235, how many grams will remain after 1.650×108 años?
Answer: a) 9.849×10–10 años–1      b) 1.015×109 años      c) 421.6 g

85.  Assume we started with 449 g of rubidium–87. After 2.820×1010 years there are 300.8 g of isotope 
remaining. Find out:
    a) Its decay–constant.
    b) The mean–life.
    c) Half–life.
Answer: a) 1.420×10–11 years–1      b) 7.040×1010 years      c) 4.880×1010 years

86.  The isotope 226
 Ra has a half–life of 1602 years. Calculate:

    a) Its decay–constant.
    b) The mean–life.

    c) If we start with 318 g of 226
 Ra, how many grams will remain after 1897 years?

Answer: a) 4.327×10–4 years–1      b) 2311 years      c) 139.9 g

87.  The decay–constant of strontium–90 is 0.02398 years–1. Determine:
    a) Half–life.
    b) The mean–life.
    c) How long will it take 358 g of the isotope to disintegrate to 96.66 g?
Answer: a) 28.9 years      b) 41.69 years      c) 54.59 years

88.  The isotope 131
 I has a half–life of 8.02 days. Determine:

    a) Its decay–constant.
    b) Its mean–life.

    c) If we start with 326 g of 131
 I, how many grams will remain after 2.727 days?

Answer: a) 0.08643 days–1      b) 11.57 days      c) 257.5 g

89.  Assume we started with 263 g of uranium–238. After 2.678×109 years there are 173.6 g of isotope 
remaining. Calculate:
    a) Its decay–constant.
    b) The mean–life.
    c) The half–life.
Answer: a) 1.551×10–10 years–1      b) 6.446×109 years      c) 4.468×109 years
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90.  The isotope calcium–41 has a half–life of 1.030×105 years. Determine:
    a) The decay–constant.
    b) The mean–life.
    c) If we start with 308 g of calcium–41, how many grams will remain after 86160 years?
Answer: a) 6.730×10–6 years–1      b) 1.486×105 years      c) 172.5 g

91.  The isotope 229
 Th has a half–life of 7340 years. Find out:

    a) Its decay–constant.
    b) The mean–life.

    c) If we start with 434 g of 229
 Th, how many grams will remain after 9971 years?

Answer: a) 9.443×10–5 years–1      b) 10590 years      c) 169.3 g

92.  The isotope cobalt–60 has a half–life of 5.271 years. Calculate:
    a) The decay–constant.
    b) The mean–life.
    c) How long will it take 322 g of the isotope to disintegrate to 128.8 g?
Answer: a) 0.1315 years–1      b) 7.605 years      c) 6.968 years

93.  The isotope 222
 Rn has a half–life of 3.824 days. Calculate:

    a) The decay–constant.
    b) The mean–life.

    c) If we start with 307 g of 222
 Rn, how many grams will remain after 0.7052 days?

Answer: a) 0.1813 days–1      b) 5.517 days      c) 270.2 g

94.  Assume we started with 54 g of potassium–40. After 4.815×108 years there are 41.58 g of isotope 
remaining. Calculate:
    a) The decay–constant.
    b) Its mean–life.
    c) Half–life.
Answer: a) 5.428×10–10 years–1      b) 1.842×109 years      c) 1.277×109 years

95.  The isotope 14
 C has a half–life of 5730 years. Determine:

    a) Its decay–constant.
    b) Mean–life.

    c) If we start with 476 g of 14
 C, how many grams will remain after 5566 years?

Answer: a) 1.210×10–4 years–1      b) 8267 years      c) 242.8 g
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96.  The mean–life of 207
 Bi is 45.52 years. Determine:

    a) Its half–life.
    b) The decay–constant.
    c) If we have 232 g of isotope, how much time will pass before the amount is reduced to 199.5 g?
Answer: a) 31.55 years      b) 0.02197 years–1      c) 6.865 years

97.  The isotope 109
 Cd has a half–life of 462.6 days. Find out:

    a) The decay–constant.
    b) The mean–life.

    c) If we start with 445 g of 109
 Cd, how many grams will remain after 228.6 days?

Answer: a) 1.498×10–3 days–1      b) 667.4 days      c) 315.9 g

98.  Assume we started with 176 g of oxygen–15. After 75.82 s there are 114.4 g of isotope remaining. 
Determine:
    a) The decay–constant.
    b) The mean–life.
    c) Half–life.
Answer: a) 5.682×10–3 s–1      b) 176 s      c) 122 s

99.  The isotope beryllium–8 has a half–life of 1.000×10–16 s. Calculate:
    a) Its decay–constant.
    b) Its mean–life.
    c) If we start with 362 g of beryllium–8, how many grams will remain after 5.995×10–17 s?
Answer: a) 6.931×1015 s–1      b) 1.443×10–16 s      c) 238.9 g
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