MIDTERM I

PHYSICS 6B, WINTER 2011
SCHUMM

PLEASE PUT YOUR NAME ON YOUR EXAM RIGHT AWAY
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Q = W = nRT ln(V2/V1)


PV( = constant; TV(-1 = constant; ( = CP/CV
C = (1/n) ((U/(T)



e = W/Qh = 1 – (Qc/Qh);  Qh = W + Qc
ecarnot = 1 – (Tc/Th);   Qc/Qh = Tc/Th

(S = (Q/T
g = 9.8 m/s2




( = 5.67 x 10-8 W/(m2K4)
k = 1.38 x 10-23 J/K = Boltzmann Constant
cwater = 4.184 J/(g-K) 
(water = 1.0 g/cm3
Heats of Transformation for Water:  

Lmelt = 334 J/g

Lboil = 2257 J/g
0 C = 273.2 K




TF = (9/5)TC + 32
1 Atm = 101.325 kPa



R = NAk = 8.314 J/K

Problem 1 [5 Points Each; No Partial Credit]   NAME: ________________________
Please clearly indicate your answer by circling the letter (a), (b), (c), etc., of the choice you make.

1.1 A cube is made of a material with a volume coefficient of expansion of ( = 10-4 per degree Kelvin. As the temperature of the cube increases from 0o C to 1000 C, the area of any of its faces

(a) Increases by exactly 1%

(b) Increases by greater than 1%

(c) Increases by less than 1%
1.2 This same cube, now at 1000 C, is dropped into a large vat of 00 C water and starts to sink. As the cube cools, 
(a) It stops sinking and starts to float back to the surface
(b) The speed at which it sinks lessens
(c) It continues to sink at the same rate

(d) The speed at which it sinks increases
1.3 A block of ice, initially at 00 C, is turned into water vapor. Which of the following three steps in this process requires the introduction of the most heat into the ice/water:

(a) The step in which the ice is melted into water that remains at 00 C

(b) The step in which the 00 C water is raised to 1000 C

(c) The step in which the 1000 C water is vaporized (boiled away)
1.4 Two cylindrical barrels, one with area 2 m2 and one with area 4 m2, are filled with water to a height of 1m. At a depth of ½ m below the surface of the water, the ratio of the hydrostatic pressure (water pressure) in the smaller barrel to that of the larger barrel is
(a) 2:1 (higher pressure in smaller barrel)

(b) 1:1 (same pressure in both barrels)

(c) 2:1 (higher pressure in larger barrel)
1.5 An object of mass m hangs on the end of a string, and is fully immersed in water. If the object has twice the density of water, the magnitude of the tension in the string is

(a)  2mg

(b)  mg

(c)  ½ mg

(d)  0
Problem 2 [25 Points]
A jar is filled with 6 kG of tap water and sealed. The sealed jar, which has an R value of 0.1 0K/W, is placed outside on a day for which the temperature is 00 C, and the water in the jar starts to cool. 
(a) At the point at which the water in the jar has cooled to 100 C, what is the rate of heat flow into the jar, expressed in J/s?

(b) At that same point, what is the rate of change of the temperature of the water in the jar, expressed in 0C per second?
(c) Some time later, the water in the jar has cooled to 50 C. Is the rate of cooling greater or less at that point than the rate for part (b)? Why? 
Problem 3 [25 points]
A gas undergoes the change of state indicated on the PV diagram below. The gas temperature at A is 2000 K. The gas is ideal, so the molar specific heats are given by CV = (3/2)R and CP = (5/2)R, where R is the universal gas constant. Recall that the units of molar specific heat CV, CP are Joules per 0K per mole.
[NOTE to me: this is a single change between volumes of 2 and 5 m3 at a pressure of  1.5 x105 Pa. A is left, B right.]

a) How much work is done by the gas on its surroundings in executing the change of state indicated by the path between points A and B?
b) What is the temperature of the gas at point B?
c) How much heat does the gas draw from the environment in going from point A to point B?
Problem 4 [25 Points]
A level sewer pipe has a radius R on its left end, thinning down to a radius of r = 2m on its right end. The left end is at a pressure of 150 kPa. The right end (and only the right end) is open to air. Out of the right end, water flows at a speed of v1 = 11 m/s. In the problem that follows, don’t forget that the density of water in MKS units is 103 kg/m3. Please use the approximation 1 Atm = 100 kPa.
a) Find the speed v2 of the flow in the left side of the pipe in terms of v1, r and R (for this part, don’t plug in the values of R, r and v1; just use the symbols).
b) Find the radius R of the left end of the pipe, in meters.
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