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1. In each cycle of a Carnot engine, 125 J of heat is absorbed from the high temperature reservoir and
77.2 J of work is done. What is the efficiency of the engine?

e = W/Q = 77.2 J/125 J =  61.8%

2. An ideal gas is confined in a box that initially has pressure  P.  If the absolute temperature of the gas
is doubled and the volume of the box is quadrupled, the pressure is:

1 1 1 2 2 2P V /T  = P V /T

2 1 1 2 1 2P  = (P V T /T V )

2 1 1 1 1 1P  = (P V 2T /T 4V )

2 1P  = ½ P        The pressure would be half the original value.

3. Heat is added at a constant rate to a sample of pure substance that is initially a solid at temperature

0T  .  The temperature of the sample as a function of time is shown in the graph.  From the graph one
can conclude that the

a) substance sublimes directly from the solid phase to the
vapor phase

2b) melting point is T
c) specific heat is greater for the liquid phase than for the

solid phase
d) heat of fusion and heat of vaporization are equal
e) specific heat of the solid increases linearly with

temperature

c. The slope during the liquid phase going up in temp is less steep than the slope of the solid

phase rising in temp.  This indicates that it takes more time (and therefore heat) while in the

liquid phase to raise the substance the same number of degrees than it does during the solid

phase (ie the specific heat is higher for the liquid phase than the solid phase).



4. An ideal gas is made up of  N  diatomic molecules, each of mass  M .  All of the following statements
about this gas are true EXCEPT

a) The temperature of the gas is proportional to the average translational kinetic energy of the
molecules

b) All of the molecules have the same speed
c) The molecules make elastic collisions with the walls of the container
d) The molecules make elastic collisions with each other
e) The average number of collisions per unit time that the molecules make with the walls of the

container depends on the temperature of the gas

b. There is an average speed for molecules at a given temperature, but their actual individual

speeds would be described by a curve.

5. A 2.00 kg block of metal has a specific heat of 115 J/kgAK.  It falls from rest through a distance of
100.0 meters to the earth’s surface.  If half of the potential energy lost by the fallen block when it hits
is converted to internal energy of the block, what is the temperature change of the block?

½ PE = ½mgh = 0.5 A 2.00 kg A 9.8 m/s  A 100.0 m = 980. J2

Q = mcÄT

ÄT = Q/mc = 980 J/(2.00 kg A115 J/kgAK) = 4.2608696 °C =  4.26 °C

6. The maximum efficiency of a heat engine that operates between two temperatures is 21.5 %.  If its
low temperature heat reservoir is the atmosphere (at 25 °C), then what is its high temperature heat
reservoir temperature?

H L He = (T  - T  / T )

H H0.215 = (T  - 298 K)/T

H H0.215 T  = T  - 298K

H298K = 0.785 T

HT  =  380 K or 107 °C

7. If the gas in a container absorbs 275 joules of heat,   has 125 joules of work done on it, and then does
50 joules of work, what is the increase in the internal   energy of the gas?
a) 100 J
b) 200 J
c) 350 J
d) 400 J
e) 450 J

c. ÄU = Q + W = 275 J + (125 J - 50 J) =  350 J



8. A piece of metal with a mass of 1.50 kilograms, specific heat of 200 J/kg · C°, and initial temperature
of 125 °C is dropped into an insulated jar that contains liquid with a mass of 3.0 kg, specific heat of 1.0
x 10  J/kg · C°, and initial temperature of 0 °C.  The piece of metal is removed after 5.0 seconds, at3

which time its temperature is 20.0 °C. Neglect any effects of heat transfer to the air or to the insulated
jar. What is the temperature of the liquid after the metal is removed?

heat gained by liquid = heat lost by metal

1 1 1 2 2 2m c ÄT  = m c ÄT

13.0 kg A 1000 J/kg°C A ÄT  = 1.5 kg A 200 J/kg°C A 105 °C

1ÄT  = 10.5 °C

f iT  = T  + ÄT = 0 °C + 10.5 °C =  10.5 °C

9. A particle with an unknown mass and charge
moves with a constant speed of  v = 7.50 x
10  m/s as it passes undeflected through a6

pair of parallel plates as shown.  The plates
are separated by a distance of  d = 7.00 x 10-3

m, and a constant potential difference V is
maintained between them.  A uniform
magnetic field of B = 0.250 T directed into the
page exists between the plates and to the
right of them as shown.  After the particle
passes into the region to the right of the
plates where only the magnetic field exists, it trajectory is circular with radius r = 0.250 m.

a) What is the sign of the particle’s charge?  Explain your answer.
b) On the drawing, indicate the direction of the electric field provided by the plates.
c) Determine the magnitude of the potential difference between the plates.
d) Determine the ratio of charge to mass (q/m) of the particle.

a. After leaving the plates, the right hand rule says that a positive particle would be deflected

upward by the magnetic field, therefore the particle has a positive charge.

b. The electric field between the plates is forcing the particle downward the exact same

amount that the magnetic field is forcing it upward.  Therefore, the electric field must point

downward (see diagram).

c. F = qE = qvBsinè

so   E = vB = 7.50x10  m/s A 0.250 T = 1.875x10  V/m6 5

V = EAd = 1.875x10  V/m A 7.00x10  m = 13125 V = 5  -3 13 100 V or 13.1 kV

C Bd. F  = F

mv /r = qvBsinè2

q/m = v /rvBsinè = v/rB = 7.50x10  m/s / (0.250 m A 0.250 T)2 6

= 1.20x10  C/kg or 1.20x10 :18 8


