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“If in some cataclysm, all of scientific knowledge were to be destroyed, and only one sentence passed on to the next generation of creatures, what statement would contain the most information in the fewest words?  I believe it is the atomic hypothesis (or the atomic fact, or whatever you wish to call it) that all things are made of atoms – little particles that move around in perpetual motion, attracting each other when they are a little distance apart, but repelling upon being squeezed into one another.”

-Richard P. Feynman

Feynman Lectures, Vol. 1, pp 1-2.

 CT IG-0b   A container with a piston-lid contains an atmospheric pressure (1 atmosphere or 105 Pascal) of air (mostly nitrogen gas), with a mass density of 1 kg/m3.  If the typical gas molecule has a mass of 3x10-26 kg, what is the approximate number density of the gas in the container?
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A)  3x10-26 molecules/m3
B)  3x10+25 molecules/m3
C)  3x10+26 molecules/m3

Surprising fact in Fall 2007: Students on the first effort are split between A) and C). Upon discussion, the majority are in C)! B) (correct) is a minority.
CT Macro 0   A solid cube of material is 1 meter on a side, is weighed on a scale, and is found to weigh 5000 kg. The cube is made of iron, which has an atomic weight of 

1x10-25 kg/atom. 

The number of iron atoms in the cube is:

[image: image9.wmf]constant pressure

A)  5x10-23   atoms
B)  5x10+28   atoms
C)  5x10+25   atoms
Fall 2007. Asked on the second lecture after the terrible response to the previous question. This time they nailed it.
CT IG-0  A container with a piston-lid contains an ideal gas at temperature, T, at a volume, V, and at pressure, P.  What are the units of the product of pressure and volume, PV?

[image: image10.wmf]
A)  Newtons
B)  Joules  C)  kilograms
  D) None of these

CT IG-1  A container with a piston-lid contains an ideal gas at temperature T = 27 oC (300 K) and a volume Vo.  The temperature is increased to Tf = 127 oC while the pressure is kept constant.  What is the new volume?

[image: image11.wmf]A: Vo

B: (127/27)Vo
C: (4/3) Vo
D: (3/4) Vo
E: None of these.

Answer: Since P=constant (and N=constant), we have V/T=constant , 
[image: image20.bmp].  You have to remember to use degrees Kelvin for temperature, always. Answer: (4/3)Vo.  

CT IG-2. An ideal gas in a container with a piston lid has a pressure po=1atm, volume Vo, and temperature To = 300K.  The piston lid is pushed in, reducing the volume  to Vo/2.  At the same time, the temperature is reduced to Tf = 150K.  What is the final pressure? 

(Hint: pV = N k T)   

[image: image12.wmf]constant pressure


A: 1 atm

B: 2 atm

C: 4 atm

D: 0.5 atm

E: None of these.

Answer: pV = NkT, but only N is constant; we cannot assume p, V, or T is constant. However, since both T and V decrease by a factor of 2, the equation pV=NkT remains true if p does not change.   Answer is 1 atm.

Or, using a little more algebra, since N=const, 
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CT Kinetic-1. An ideal gas is in a container with a piston lid that is being held in fixed position.  The total momentum of the system is zero (the box of gas is not moving in your reference frame).  The average velocity of the gas is, 
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: 
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A: greater than zero
B: less than zero
C: equal to zero
The ‘root mean squared’ average velocity 
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 is 
A: greater than zero
B: less than zero
C: equal to zero
CT TE-3. A square metal plate with edge length Lo (area A = Lo2)  is heated so that it expands and its new edge length is 1.01 Lo.  What is its new area?

A: (1.01) Lo2 



B: Less than (1.01) Lo2 


C: More than (1.01) Lo2
Answer: The new area is (1.01 Lo)2 = 1.02 Lo2.   

(1.01)2   =   (1+0.01)(1.01)   =   1.01 + (0.01)(1.01)    (   1.01 + 0.01   =   1.02

CT TE-4. [image: image14.wmf]liquid water

ice

 Brass has a positive coefficient of thermal expansion ( ((L = ( Lo (T). A ring (annulus) of brass is heated.  Does the hole in the middle of the ring get larger or smaller?

A: larger

B: smaller

C: stays the same

ANSWER: When a two or three-dimensional object is heated it expands in every direction so that every dimension is larger. Larger.  

CT Thermo-0.
Consider the following situations and comment on whether they describe thermodynamic equilibrium systems:

A cup of room temperature coffee on a table. The coffee is an equilibrium system.

(A)  TRUE
(B)  FALSE

A cup of hot coffee in a metal cup on a table. The coffee is an equilibrium system.

(A)  TRUE
(B)  FALSE

A cup of hot coffee in an insulated cup and a pitcher of room temperature cream. Both are equilibrium systems.

(A)  TRUE
(B)  FALSE

Room temperature cream is added to an insulated cup of hot coffee. Just after adding the cream, the coffee + cream is an equilibrium system.

(A)  TRUE
(B)  FALSE

Two minutes later, the coffee + cream is an equilibrium system.

(A)  TRUE
(B)  FALSE

CT Thermo-1.  A solid material is found to obey an equation of state,   
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with a ‘volumetric compressibility’, κ.  You find that squeezing the object (applying increased pressure all around it) causes its volume to decrease. Therefore:

A)  κ > 0

B)  κ < 0


C)  κ = 0
Someone claims to find an equilibrium thermal system with  κ > 0.  You decide:

A) Yes, κ > 0 is possible for an equilibrium system. No problem.

B) No, κ > 0  is impossible for an equilibrium system because we never observe it in natural materials.

C) No, κ > 0  is impossible for an equilibrium system because it could not be stable.
CT Thermo-2.  A gas is in a container with a piston lid and is taken from thermodynamic state, A, to a new thermo-dynamic state, B, shown on the P-V diagram below.  The work done by the gas is:
[image: image15.wmf]A)  the area under the   P-V curve.

B)  minus the area under the P-V curve.

C)  Zero

CT Heat-1
Data: 

cice = 0.50 cal/(g oC) ,  

cwater = 1.00 cal/(g oC),  

csteam = 0.48 cal/(g oC), 

L(ice-water)= 80 cal/g , 

L(water-steam)=539 cal/g

Which requires the most energy?

A: Raise the temperature of 1 gram of liquid water 50 oC.

B: Melt 1 gram of ice at T=0 oC.

C: Raise the temp. of 1 gram of ice from 73K to 273K .

D: Vaporize 0.5 gram of water at T=100 oC.

CT Thermo 3.  A gas is in a container with a piston lid and is taken from thermodynamic state, 1, to a new thermo-dynamic state, 2, by several different paths, A, B, and C, in the P-V plane.  The internal energy of the gas increases during the process. 

[image: image16..pict]
The work done by the gas is largest for path:
(A)
(B)
(C)  

D) the work is the same.

The internal energy change is largest for path: 

(A)

(B)

(C), 

D)  the internal energy change is the same.

The heat transfer required is largest for path: 

(A)

(B)

(C), 

D)  the heat transfer is the same.

CT Thermo-4.  An ice cube is placed in a cup containing some liquid water.  The water and ice exchange energy with each other but not with the outside world.  
After the water and ice come to the same temperature, is it possible the ice could freeze the water rather than the water melt some of the ice?  

[image: image17..pict]A: Yes, the ice could freeze the water.

B: No, the water will always melt some of the ice. 
CT Thermo 5.  An ideal gas in a closed container with a piston lid is taken from thermodynamic state, 1, to a new thermo-dynamic state, 2, by an isothermal path as shown below in the P-V plane. 

[image: image18..pict]
The work done by the gas is:
(A) positive

(B) negative

(C) zero because it’s an isothermal process. 

The internal energy change during this process is: 

(A)
positive
(B)
negative
(C)
zero (isothermal). 

The heat transfer during this process is: 

(A)
positive
(B)
negative
(C) zero (isothermal). 

CT Thermo 6.  An ideal gas in a closed container with a piston lid is taken from thermodynamic state, 1, to a new thermo-dynamic state, 2, by an isothermal path as shown below in the P-V plane. 

The work done by the gas is:
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(D)  None of these.

CT Thermo-7.  An ice cube is placed in a cup containing some liquid water.  The water and ice exchange energy with each other but not with the outside world.  
Consider the following possibility: After awhile, we find that the water has increased in temperature and ice has gotten colder. 

A: Yes, this still satisfies the 1st Law of Thermo and happens in Nature.

B: No, this process violates the 1st Law and cannot happen. 
C: No, this process satisfies the 1st Law, but still does not happen in Nature.
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