
Quiz	  2	  Version	  D	  

1)	  

2)	  
A	  mixture	  of	  monoatomic	  and	  di-‐atomic	  gases	  has	  a	  specific	  heat	  ra=o	  	  
(also	  referred	  to	  as	  adiaba=c	  exponent)	  γ	  =	  1.52.	  	  
What	  frac=on	  of	  the	  molecules	  are	  monoatomic.	  	  
Assume	  the	  degrees	  of	  freedom	  are	  3	  and	  5	  for	  the	  mono	  and	  di-‐atomic	  gas	  in	  this	  case.	  
	  
a)	  20%	  	  	  b)	  40%	  	  	  c)	  60%	  	  	  	  d)	  80%	  	  e)	  	  90%	  	  	  

A	  heat	  pump	  transfers	  heat	  from	  the	  outside	  air	  to	  the	  interior	  of	  a	  house.	  	  
In	  winter,	  the	  outside	  air	  averages	  2	  degree	  Celsius,	  and	  the	  pump	  operates	  by	  
hea=ng	  water	  to	  80	  degree	  Celsius	  for	  circula=on	  through	  the	  house.	  
How	  much	  work	  does	  the	  pump	  require	  for	  each	  joule	  of	  heat	  supplied	  to	  the	  house	  
in	  winter?	  
	  
a)	  0.2	  J	  	  b)	  0.4	  J	  	  c)	  0.6	  J	  	  d)	  0.7	  J	  	  e)	  0.8	  J	  	  



3)	  

4)	  

5)	  

6)	  

Exam

Name___________________________________

MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question. If none
of the choices equals the exact number you calculate then pick whatever is closest. I often deliberately do not provide
exact answers among the options you choose from!

1) A weather balloon is filled with helium and released. What kind of a process is approximated
as the balloon rises in the air? Assume the balloon material is an excellent insulator.

A) Isobaric B) Isochoric C) Adiabatic D) Isothermal

1)

2) Water flows over Niagara Falls (height 50m) at the rate of about 1 Million kg/s. Suppose that
all the water passes through a turbine connected to an electric generator producing 400MW of
electric power. If the water has negligible kinetic energy after leaving the turbine, by how
much has its temperature increased between the top of the falls and the outlet of the turbine? (c
= 4.184 kJ/kgK)

A) not at all
B) 0.001 degree Celsius
C) 0.01 degree Celsius
D) 0.1 degree Celsius
E) 1 degree Celsius

2)

3) If a diatomic gas is heated to a very low temperature. How many degrees of freedom are
active?

A) 3 B) 5 C) 7 D) 9

3)

4) Two objects are made of the same material, but have different masses and temperatures. If the
two objects are brought into thermal contact, which one will have the smaller temperature
change?

A) the one with the higher initial temperature
B) the one with the lower initial temperature
C) the one with the greater mass
D) the one with the smaler mass
E) both have the same temperature change

4)

5) A piston-cylinder system contains  0.50 mol of hydrogen at 400K and 300kPa. The gas
undergoes an expansion that quadruples the system volume. Calculate the work done if the
expansion is isothermal.

A) 0.5 kJ B) 1.0 kJ C) 2.0 kJ D) 4.0 kJ E) 8.0 kJ

5)

6) A balloon contains 4.0L of air at 0 degree Celsius and 100kPa pressure. How much heat is
required to raise the air temperature to 20 degree Celsius, assuming the gas stays in pressure
equilibrium with its surroundings? Neglect tension forces in the balloon. The molar specific
heat of air at constant volume is 2.5R.

A) 50 J B) 100 J C) 150 J D) 200 J E) 250 J

6)
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of the choices equals the exact number you calculate then pick whatever is closest. I often deliberately do not provide
exact answers among the options you choose from!

1) A weather balloon is filled with helium and released. What kind of a process is approximated
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6) A balloon contains 4.0L of air at 0 degree Celsius and 100kPa pressure. How much heat is
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1

7) Given the cyclic processes 1 and 2, which of the statements is most accurate.
Process 1:  Isochoric pressure increase, followed by adiabatic expansion, followed by
isothermal compression to arrive back at the starting point.
Process 2: Isochoric pressure decrease, followed by isobaric expansion, followed by isothermal
compression to arrive back at the starting point.

A) One of the two processes is not possible as it can't get you back to the starting point.
B) In both cases, the gas does the same amount of work.
C) W is larger in process 1 than in process 2.
D) W is smaller in process 1 than in process 2.
E) Neither of the two processes makes any sense because neither can possibly get you back to

the starting point.

7)

8) A piston-cylinder system arrangement containing 0.60 mol of nitrogen at high pressure is in
thermal equilibrium with an ice-water bath containing 200g of ice. The pressure of the ambient
air is 1.0 atm. The gas is allowed to expand isothermally until it is in pressure balance with its
surroudings. After the process is complete, the batch contains 220g of ice. What was the
original gas pressure? (Lf = 334kJ/kg; Lv = 2257kJ/kg for water; R = 8.314 J/K*mol)

A) 35atm B) 70atm C) 140atm D) 210atm E) 280atm

8)

9) Two reversible thermodynamic processes connect the same two points in the PV plane. Which
of the two processes requires more heat to be added to the system?
Process A: Isochoric pressure increase followed by adiabatic expansion.
Process B: Isochoric pressure increase followed by isothermal expansion.

A) Process A requires more heat to be added.
B) Process B requires more heat to be added.
C) Process A is not possible, and the question is thus ill defined.
D) Process B  is not possible, and the questions is thus ill defined.
E) Two points in the PV diagram can not be connected by these two processes

simultaneously. Questions is thus ill defined.

9)

10) A system has a heat source supplying heat at a rate of 352W and is doing work at a rate of
235W. At what rate is the internal energy of the system changing?

A) 50W B) 100W C) 200W D) 400W

10)
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7) Given the cyclic processes 1 and 2, which of the statements is most accurate.
Process 1:  Isochoric pressure increase, followed by adiabatic expansion, followed by
isothermal compression to arrive back at the starting point.
Process 2: Isochoric pressure decrease, followed by isobaric expansion, followed by isothermal
compression to arrive back at the starting point.

A) One of the two processes is not possible as it can't get you back to the starting point.
B) In both cases, the gas does the same amount of work.
C) W is larger in process 1 than in process 2.
D) W is smaller in process 1 than in process 2.
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air is 1.0 atm. The gas is allowed to expand isothermally until it is in pressure balance with its
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MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) If a diatomic gas is heated to a very high temperature. How many degrees of freedom are
active?

A) 3 B) 5 C) 7 D) 9

1)

2) A gas has 6 degrees of freedom. Find the adiabatic exponent y.
A) 3 B) 3/2 C) 3/4 D) 4/3

2)

3) Air rises adiabatically. This implies as air rises, the temperature will respond in what manner?
A) It increases. B) It decreases. C) It remains the same.

3)

4) Two identical containers are filled with 10 mol s of gas each. They are both at the same
temperature, yet the internal energies of the two gases differ. How can this be?

A) They differ in their respective adiabatic exponent.
B) The gases are at different pressure.
C) It can not be.
D) None of the above.

4)

5) Two identical  gas cylinders are taken from the same initial state to the same final state.
Is the work done in each case necessarily the same? The heat added? The change in internal
energy?

A) no, no, yes
B) no, no, no
C) yes, yes, yes
D) yes, yes, no
E) yes, no, yes

5)

6) A weather balloon is filled with helium and released. What kind of a process is approximated?
Assume the balloon material is an excellent insulator.

A) Isochoric B) Isobaric C) Isothermal D) Adiabatic

6)

7) A piston-cylinder system arrangement containing 0.30 mol of nitrogen at high pressure is in
thermal equilibrium with an ice-water bath containing 200g of ice. The pressure of the ambient
air is 1.0 atm. The gas is allowed to expand isothermally until it is in pressure balance with its
surroudings. After the process is complete, the batch contains 210g of ice. What was the
original gas pressure? (Lf = 334kJ/kg; Lv = 2257kJ/kg for water; R = 8.314 J/K*mol)

A) 35atm B) 70atm C) 140atm D) 210atm E) 280atm

7)

8) A piston-cylinder system has initial volume 1.0 liters, and contains ideal gas at 300K and
1.0atm, with Cv=2.5R . The piston is held fixed and the cylinder placed in contact with a heat
reservoir at 600K. Once equilibrium is reached, the gas is allowed to expand isothermally.
When the pressure reaches 1atm, the gas is cooled at constant pressure to 300K. This cyclic
process is repeated once a second. What is the rate at which the gas does work?

A) 10W B) 20W C) 40W D) 80W E) 160W

8)
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1) If a diatomic gas is heated to a very high temperature. How many degrees of freedom are
active?

A) 3 B) 5 C) 7 D) 9

1)

2) A gas has 6 degrees of freedom. Find the adiabatic exponent y.
A) 3 B) 3/2 C) 3/4 D) 4/3

2)

3) Air rises adiabatically. This implies as air rises, the temperature will respond in what manner?
A) It increases. B) It decreases. C) It remains the same.

3)

4) Two identical containers are filled with 10 mol s of gas each. They are both at the same
temperature, yet the internal energies of the two gases differ. How can this be?

A) They differ in their respective adiabatic exponent.
B) The gases are at different pressure.
C) It can not be.
D) None of the above.

4)

5) Two identical  gas cylinders are taken from the same initial state to the same final state.
Is the work done in each case necessarily the same? The heat added? The change in internal
energy?

A) no, no, yes
B) no, no, no
C) yes, yes, yes
D) yes, yes, no
E) yes, no, yes

5)

6) A weather balloon is filled with helium and released. What kind of a process is approximated?
Assume the balloon material is an excellent insulator.

A) Isochoric B) Isobaric C) Isothermal D) Adiabatic

6)

7) A piston-cylinder system arrangement containing 0.30 mol of nitrogen at high pressure is in
thermal equilibrium with an ice-water bath containing 200g of ice. The pressure of the ambient
air is 1.0 atm. The gas is allowed to expand isothermally until it is in pressure balance with its
surroudings. After the process is complete, the batch contains 210g of ice. What was the
original gas pressure? (Lf = 334kJ/kg; Lv = 2257kJ/kg for water; R = 8.314 J/K*mol)

A) 35atm B) 70atm C) 140atm D) 210atm E) 280atm

7)

8) A piston-cylinder system has initial volume 1.0 liters, and contains ideal gas at 300K and
1.0atm, with Cv=2.5R . The piston is held fixed and the cylinder placed in contact with a heat
reservoir at 600K. Once equilibrium is reached, the gas is allowed to expand isothermally.
When the pressure reaches 1atm, the gas is cooled at constant pressure to 300K. This cyclic
process is repeated once a second. What is the rate at which the gas does work?

A) 10W B) 20W C) 40W D) 80W E) 160W

8)

1
9) In a closed but uninsulated container, 500g of water is sthaken violently until it's temperature

increases by 3 degrees C. The mechanical work required is 9kJ. How much heat is tranfered to
the environment during the process?  (cw = 4.184 kJ/kg*K)

A) 1kJ B) 3kJ C) 10kJ D) 30kJ

9)

10) A system has a heat sour ce supplying heat at a rate of 252W and is doing work at a rate of
135W. At what rate is the internal energy f the system changing?

A) 50W B) 100W C) 200W D) 400W

10)
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A	  =ghtly	  sealed	  flask	  contains	  5.0	  liter	  of	  air	  at	  0	  degree	  Celsius	  and	  100	  kPa	  of	  pressure.	  
How	  much	  heat	  is	  required	  to	  raise	  the	  air	  temperature	  to	  20	  degree	  Celsius?	  	  
The	  molar	  specific	  heat	  of	  air	  at	  constant	  volume	  is	  2.5R.	  
a)	  100	  J	  b)	  500	  J	  c)	  1000	  J	  d)	  1500	  J	  	  e)	  2000	  J	  	  

It	  costs	  $140	  each	  summer	  to	  operate	  a	  home	  air	  condi=oner	  with	  a	  COP	  of	  1.7.	  
What	  will	  be	  the	  savings	  each	  summer	  in	  upgrading	  to	  a	  model	  with	  a	  COP	  of	  2.7	  ?	  
Assume	  the	  same	  amount	  of	  heat	  is	  to	  be	  extracted	  from	  the	  house.	  
	  
a)	  $25	  	  b)	  $50	  	  c)	  $75	  	  d)	  $100	  	  e)	  $110	  	  



7)	  

8)	  

A	  gas	  of	  a	  single	  type	  of	  molecule	  undergoes	  an	  adiaba=c	  expansion.	  	  
A`er	  the	  expansion,	  the	  volume	  of	  the	  gas	  is	  3.5%	  larger	  and	  the	  pressure	  	  
of	  the	  gas	  is	  5%	  smaller.	  Which	  of	  the	  following	  best	  describes	  the	  accessible	  	  
degrees	  of	  freedom	  of	  the	  gas?	  
	  
a)	  The	  gas	  is	  monatomic,	  so	  the	  molecules	  don't	  rotate	  or	  vibrate.	  
b)	  Some	  of	  the	  gas	  molecules	  rotate,	  none	  of	  them	  vibrate.	  
c)	  All	  of	  the	  gas	  molecules	  rotate,	  none	  of	  them	  vibrate.	  
d)	  All	  of	  the	  gas	  molecules	  rotate,	  some	  of	  them	  vibrate.	  
	  

A	  power	  plants	  electrical	  output	  is	  750MW.	  Cooling	  water	  at	  15	  degree	  Celsius	  
flows	  through	  the	  plant	  at	  2.8	  104	  kg/sec,	  and	  its	  temperature	  rises	  by	  8.5	  degree	  
Celsius.	  Assume	  the	  plant	  is	  a	  perfect	  Carnot	  engine,	  and	  its	  only	  energy	  loss	  is	  
to	  the	  cooling	  water	  and	  that	  the	  cooling	  water	  is	  effec=vely	  the	  low	  temperature	  
reservoir.	  What	  is	  the	  high	  temperature	  ?	  
	  
a)  100	  degree	  Celsius	  	  b)	  200	  degree	  Celsius	  	  c)	  300	  degree	  Celsius	  	  d)	  400	  degree	  Celsius	  
e)	  500	  degree	  Celsius	  



9)	  

10)	   A	  50g	  ice	  cube	  at	  -‐10	  degree	  Celsius	  is	  placed	  into	  50g	  of	  water.	  	  
What	  must	  be	  the	  ini=al	  water	  temperature	  if	  the	  final	  mixture	  s=ll	  contains	  	  
equal	  amounts	  of	  water	  and	  ice?	  Assume	  that	  all	  the	  heat	  gained	  by	  the	  ice	  was	  	  
lost	  by	  the	  water,	  with	  no	  heat	  transfer	  to	  a	  container	  or	  the	  surroundings.	  	  
Assume	  that	  the	  experiment	  takes	  place	  at	  atmospheric	  pressure,	  i.e.	  the	  mel=ng	  
point	  of	  ice	  is	  0	  degree	  Celsius.	  The	  specific	  heat	  of	  ice	  is	  roughly	  half	  that	  of	  water.	  
	  
a)  0	  degree	  Celsius	  	  b)	  5	  degree	  Celsius	  	  c)	  10	  degree	  Celsius	  d)	  12	  degree	  Celsius	  	  
e)	  14	  degree	  Celsius	  
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MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question. If none
of the choices equals the exact number you calculate then pick whatever is closest. I often deliberately do not provide
exact answers among the options you choose from!

1) A weather balloon is filled with helium and released. What kind of a process is approximated
as the balloon rises in the air? Assume the balloon material is an excellent insulator.

A) Isobaric B) Isochoric C) Adiabatic D) Isothermal

1)

2) Water flows over Niagara Falls (height 50m) at the rate of about 1 Million kg/s. Suppose that
all the water passes through a turbine connected to an electric generator producing 400MW of
electric power. If the water has negligible kinetic energy after leaving the turbine, by how
much has its temperature increased between the top of the falls and the outlet of the turbine? (c
= 4.184 kJ/kgK)

A) not at all
B) 0.001 degree Celsius
C) 0.01 degree Celsius
D) 0.1 degree Celsius
E) 1 degree Celsius

2)

3) If a diatomic gas is heated to a very low temperature. How many degrees of freedom are
active?

A) 3 B) 5 C) 7 D) 9

3)

4) Two objects are made of the same material, but have different masses and temperatures. If the
two objects are brought into thermal contact, which one will have the smaller temperature
change?

A) the one with the higher initial temperature
B) the one with the lower initial temperature
C) the one with the greater mass
D) the one with the smaler mass
E) both have the same temperature change

4)

5) A piston-cylinder system contains  0.50 mol of hydrogen at 400K and 300kPa. The gas
undergoes an expansion that quadruples the system volume. Calculate the work done if the
expansion is isothermal.

A) 0.5 kJ B) 1.0 kJ C) 2.0 kJ D) 4.0 kJ E) 8.0 kJ

5)

6) A balloon contains 4.0L of air at 0 degree Celsius and 100kPa pressure. How much heat is
required to raise the air temperature to 20 degree Celsius, assuming the gas stays in pressure
equilibrium with its surroundings? Neglect tension forces in the balloon. The molar specific
heat of air at constant volume is 2.5R.

A) 50 J B) 100 J C) 150 J D) 200 J E) 250 J

6)
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all the water passes through a turbine connected to an electric generator producing 400MW of
electric power. If the water has negligible kinetic energy after leaving the turbine, by how
much has its temperature increased between the top of the falls and the outlet of the turbine? (c
= 4.184 kJ/kgK)

A) not at all
B) 0.001 degree Celsius
C) 0.01 degree Celsius
D) 0.1 degree Celsius
E) 1 degree Celsius

2)

3) If a diatomic gas is heated to a very low temperature. How many degrees of freedom are
active?

A) 3 B) 5 C) 7 D) 9

3)

4) Two objects are made of the same material, but have different masses and temperatures. If the
two objects are brought into thermal contact, which one will have the smaller temperature
change?

A) the one with the higher initial temperature
B) the one with the lower initial temperature
C) the one with the greater mass
D) the one with the smaler mass
E) both have the same temperature change

4)

5) A piston-cylinder system contains  0.50 mol of hydrogen at 400K and 300kPa. The gas
undergoes an expansion that quadruples the system volume. Calculate the work done if the
expansion is isothermal.

A) 0.5 kJ B) 1.0 kJ C) 2.0 kJ D) 4.0 kJ E) 8.0 kJ

5)

6) A balloon contains 4.0L of air at 0 degree Celsius and 100kPa pressure. How much heat is
required to raise the air temperature to 20 degree Celsius, assuming the gas stays in pressure
equilibrium with its surroundings? Neglect tension forces in the balloon. The molar specific
heat of air at constant volume is 2.5R.

A) 50 J B) 100 J C) 150 J D) 200 J E) 250 J

6)

1

7) Given the cyclic processes 1 and 2, which of the statements is most accurate.
Process 1:  Isochoric pressure increase, followed by adiabatic expansion, followed by
isothermal compression to arrive back at the starting point.
Process 2: Isochoric pressure decrease, followed by isobaric expansion, followed by isothermal
compression to arrive back at the starting point.

A) One of the two processes is not possible as it can't get you back to the starting point.
B) In both cases, the gas does the same amount of work.
C) W is larger in process 1 than in process 2.
D) W is smaller in process 1 than in process 2.
E) Neither of the two processes makes any sense because neither can possibly get you back to

the starting point.

7)

8) A piston-cylinder system arrangement containing 0.60 mol of nitrogen at high pressure is in
thermal equilibrium with an ice-water bath containing 200g of ice. The pressure of the ambient
air is 1.0 atm. The gas is allowed to expand isothermally until it is in pressure balance with its
surroudings. After the process is complete, the batch contains 220g of ice. What was the
original gas pressure? (Lf = 334kJ/kg; Lv = 2257kJ/kg for water; R = 8.314 J/K*mol)

A) 35atm B) 70atm C) 140atm D) 210atm E) 280atm

8)

9) Two reversible thermodynamic processes connect the same two points in the PV plane. Which
of the two processes requires more heat to be added to the system?
Process A: Isochoric pressure increase followed by adiabatic expansion.
Process B: Isochoric pressure increase followed by isothermal expansion.

A) Process A requires more heat to be added.
B) Process B requires more heat to be added.
C) Process A is not possible, and the question is thus ill defined.
D) Process B  is not possible, and the questions is thus ill defined.
E) Two points in the PV diagram can not be connected by these two processes

simultaneously. Questions is thus ill defined.

9)

10) A system has a heat source supplying heat at a rate of 352W and is doing work at a rate of
235W. At what rate is the internal energy of the system changing?

A) 50W B) 100W C) 200W D) 400W

10)
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