PHYS 262 and 266 / exam 1 / Spring 2008 semester 
                  mult. choice________(48)

Problems ______(52)
Name ____________________________   



Total       





please print: last, first
The multiple choice questions count three points each.  You are expected to observe the GMU Honor Code.  Please do not leave the room until the end of the exam.  
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Note mole refers to gram-mole aboves, not kg-moles.  For non-multiple choice problems you must start all solutions with basic definitions and equations provided above.  I believe all parts of the non-multiple choice problems can be done independently.  On these problems, little if any part credit will be given for answers without the necessary work, but on the multiple choice, all I will grade is whether your answer is correct.
Problem 1. Consider the Carnot cycle shown below for 0.5 moles of an ideal monatomic gas for which you are given: T1 = 500 K,  V2 = 2V1 and V3 = 1.5V2   



(a) 8 pts Find numerical values for these 3 quantities
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(b) 6 pts Find T3.   (Hint: What is the value of 
[image: image36.wmf]g

in this case?)
(c) 6 pts Find the efficiency of a Carnot engine operating on this cycle.  If you could not do 
part (b), just assume that T3 = 300 K here
(d) 6 pts If you were a patent examiner and an inventor claimed to have built an engine operating between the same pair of temperatures T1 and T3 that was 10% more efficient than this Carnot engine, why would you insist on a working model, before issuing the patent?  

2. Suppose the walls of your house are made from a 10 cm thick layer of brick, and a 5 cm thick layer of insulation.  The conductivities of these two materials are: 0.84 w/m.C and 0.05 w/m.C, respectively.  Assume that an exterior wall of your house is 10 m wide by 4 m high.  On a certain cold day it is 5 C outside and 25 C inside.  The brick layer is on the outside.  Start all solutions with basic definitions and equations provided
(a) 8pts Find the temperature of the boundary between the brick and the insulation layer.
(b) 6 pts How many watts of power flow through this particular wall?

(c) 6 pts Suppose the furnace is putting out 20 kw of heat to keep the house at 25 C when it is 5 C outside.  How much heat would the furnace need to put out if the outside temperature were to drop to 0 C?
(d) 6 pts How much does the net entropy of the house plus the outside change when 100 J of heat passes through the walls of your house when it is 26 C inside and 0 C outside? 

Two points will be deducted if you neglect to put the answers on the lines next to the questions

_______1. What is the compression ratio of an automobile engine that is approximated by a 50% efficient Otto Cycle?  Assume that the air in the cylinder consists of diatomic atoms whose rotational degrees of freedom are excited, but whose vibrational ones are not.

(a) 5.64


(b) 6.83

(c) 8.51

(d) 10.1
(e) none of them

_______ 2.  In a mixture of two gases A and B in equilibrium it is found that the A molecules have an rms speed that is 3 times that of the B molecules.  It follows that the mass of the A molecules is ____ times that of the B molecules.
(a) 1.0


(b) 3


(c) 1/3


(d) 9


(e) 1/9

________ 3. Consider a one kg block of ice at – 40 C that is heated and eventually converted to steam at 200 C.  Which of these 5 stages during the heating requires the greatest number of calories?

(a) raising the ice up to its melting point of 0 C

(b) melting the ice at 0 C

(c) raising the water from 0 C to 100 C


(d) boiling all the water to make steam at 100 C
(e) heating the steam from 100 C to 200 C

_______4. A shotgun pellet of mass 0.001 kg traveling at 20 m/s accidentally hits a 78 year old quail hunter in the face.  If the specific heat of the pellet is 400 J/g.C, how long did it take the shooter to report the incident?  No, sorry, I meant to ask how much does the pellet’s temperature rise when it hits the unfortunate hunter?
(a) 0.25 C

(b) 0.50 C
(c) 1.0 C
(d) 2.0 C
(e) none of them


_________5. Consider the closed square shown in the PV diagram drawn to scale.  For which pair of points is the internal energy the same?
(a) 1 and 2
(b) 1 and 3
(c) 1 and 4
(d) 3 and 2
(e) none of them

_________6. Taking into account varying angles of incidence each square meter of the Earth’s surface receives about 338 watts from the sun and radiates that same amount back into space.  If the Earth were a perfect emitter of radiation what would its average temperature be?
(a) 305 K
(b) 320 K
(c) 278 K
(d) 292 K
_________7.  When 500 grams of a substance are mixed with 100 grams of water at a different temperature the equilibrium temperature is midway between the initial temperatures of the water and the substance.  This fact implies that the specific heat of the substance is _____
(a) 0.1 cal/g.C

(b) 0.2 cal/g.C

(c) 0.3 cal/g.C

(d) 0.4 cal/g.C

(e) none of them

________8. A gas is best approximated by the ideal gas law when its density is ____ and its temperature is ____

(a) high, high

(b) high, low

(c) low, high

(d) low, low

_________9. Suppose you double the absolute temperature of an ideal gas while simultaneously compressing it to half its original volume.  How much of the gas would you need to let out for the pressure to return to the original value?
(a) 25%
(b) 50%
(c) 75%
(d) 87.5%
(e) none of them

_________10. A natural convection current is created when water:

(a) at all temperatures is heated from above
(b) at all temperatures is heated from below


(c) warmer than 4 C is heated from above
(d) warmer than 4 C is heated from below


_________ 11. Suppose we consider 3 ways of compressing a gas to half its volume.  Which is the proper order ranked from most work done on the gas to least: A) isobaric, B) isothermal,  C) adiabatic compressions?

(a) ABC

(b) CBA

(c) ACB

(d) CAB
(e) none of them

_________12.  Approximately what is the average kinetic energy of one monatomic molecule of air in this room?
(a) 6 x 10-21 J

(b) (a) 6 x 10-22 J
(c) (a) 6 x 10-23 J
(d) (a) 6 x 10-24 J
(e) none of them

_________ 13. How much does the entropy of a 27.3 gram ice cube increase by when it melts?

(a) 2.0 cal/K
(b) 4.0 cal/K

(c) 6.0 cal/k

(d) 8.0 cal/K

(e) none of them

__________ 14. For what range of temperatures does the Fahrenheit value exceed the Celsius value?

(a) below -40 F
  (b) above -40 F
(c) from -40 to 0 F

(d) above 0 F

(e) none of them
___________15. Heat is added to a solid object having a mass 2 grams and a specific heat 0.1 cal/g so as to double its absolute temperature.  In this case, the increase in entropy of the object would be:

(a) 0.536 cal/ 0K 
     (b) 0.139 cal/ 0K
   (c) 0.701 cal/ 0K 
  (d) 0.338 cal/ 0K 
(e) none of them

__________ 16. Which of these is not a version of the Second Law of Thermodynamics?:

(a) Heat always flows from hot to cold

(b) 100% efficient engines do not exist

(c) In any irreversile process entropy must increase
(d) all are versions of the 2nd Law
(e) none are
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