— EXAM 1 (190 FOINTS)
GS WESTON
PHY 7B
(10_POINTS EACID 7/15/96

1. Calculate the probability that a molecule travels a distance less than cne meun free path before
it's mext collision.

2. A steel tape is placed around the carth al the cquator when the temperature 1 T, What will
the clearance between the tape and the ground fassumed o be uniform) be if the lemperature
of the tape rises to Ty? Neglect the expansion of the carth. Express answer in terms of the
radius of carth, Re, Tj, Ty, and alpha (steel’. No numbers are nccessay.

L)

Prove that ihe slope (dP/dV)Y of the adiabatic curve pdmng through a point on the PV diagram
is gamma times the slope of the isothermal curve passing through the same point.

{14 POINTS)

4. Suppose that cach engine in Figure 1 is an ideal reversible heat engine. Engine 1 operates
between temperatures Th and Ty ond engine 2 operates beween temperatures T and Te,
where Th > Ty > Te. Hine You may assume that ¢ = 1 - Ty /T and tha c2=1-T:/Tm.

a) Show that eper =1 + (1 - c1ien,
b) Show that ¢pey = 1 - To/Th.

(16 POJNTS EACI)

3. One mole of a monwomic ideal gas is taken from an iniual staie of pressure P oand volume Vg (o
a fmnal pressure, Pf = 2Py and final volume, Vi = 2V, 1two different wavs, (1) It expands
isothermally undl it's volume is doubled. and then ir's pressure is increased at constant volume
to it's final state. (2) Wt is compressed isothermally until it's pressure is doubled, and then it's
volume is increased at constant pressurc to it's final state.  Calculate the change in cntropy
(81 - Sj) for both ways in terms of Py and V.  Muake sure vou cafculate for both (13 and (27,

6. A cylindrical silver rod of length, 1.17 m, and cross-sectonal arca. 4.76 cm2 is insulated (o
prevent heat loss through it's surface.  The ends are maintained at a temperature difference of
100 °C by having onc cnd in a water-ice mistwure and the other in bolling walcr and steam.
a) Find the rate at which heat is transferred along the rod.
by Calculate the rate at which ice melts at the cold end.

(24 POINTS)
7. An 1deal diatomic gas follows the cvcle shown in Figure 2. The temperature of stae 1 ois 200 K.
a) Caiculate the twemperature of the other three states.
b} Find the net work done on the gas. net change in internal energy and the net heat
added (Qjp) during onc complele cvele.
¢} Culculale the efficicney of the cvele.
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Figure 1 Figure 2
POSSIBLY USEFUL CONSTANTS
el =27 el =037 ko= 428 W/m-K (thermal conductiviiy of silver)
¢ = 0.0821 Liter-atm/mole-K (gas constant)  Heat of Fusion (Watery = 3.33 x 103 /Ky
¢v = 3R/2 (monoatomic gas} ¢y = SR/I (diatomic gas)

cpfcy = 1.67 (gamma for monoatomic AREY ¢pftvy = L4 (gamma for distomic gas)



