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QL

A sinusoidal wave with an amplitude of 1.00 m and a frequency of 100 Hz travels at
200 m/s in the positive x-direction. At t = 0 s, the point at x = 1.00 m has positive
maximum displacement. Which of the following equations represent the wave
displacement as it travels.

A) y(x,t)=(1.00 m) sin [x X - (2007)t - 7/2]
B) y(x, t) =(1.00 m) sin [x x + (200x))t]

C) y(x,t) =(2.00 m) sin [z x - (1007)t - /2]
D) y(x, t) =(1.00 m) sin [x x - (1007)t]

E) y(x,t) =(1.00 m) sin [n x + (300n)t + 7/2]

Ans:
y(x,t) = ypy sin(kx — wt + ¢)

w=2nf =2nrx100=200m

w_200n_
v 200

att=0,x=1.0m,y (1,0) =1.0m

y (1,0) = y,,, sin(kx + ¢) = 1 = 1sin(w + ¢)

R y(LO))_ T _ T
¢ = sin (—Ym I8 > I8 >

y(x, t) = y,sin (kx — wt — g)

Q2.
A string with linear mass density 2.00 g/m is stretched along the x-axis with a tension
of 5.00 N. The string is tied at one end to a 100 Hz simple harmonic oscillator that
vibrates perpendicular to the string with an amplitude of 2.00 mm. The average power
transported by the wave is:

A) 0.079 W
B) 1.34 W
C) 0.834 W
D) 1.78 W
E) 245 W

1 . T 5
Pavg = E‘LLU(U Ym = UV = ;: Zx—lo_3=50m/s

1
Povg = > X 2 X% 1073 x 50 x (2007)% x (2 x 1073)% = 0.07887 W

Ans:
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Qs.
If the frequency of the second-longest wavelength for standing waves on a 240-cm-
long string that is fixed at both ends is 50 Hz, what is the frequency of the third-longest
wavelength?
A) 75 Hz
B) 50 Hz
C) 85Hz
D) 40 Hz
E) 35 Hz
Ans:
2v 3v f3 3
fe==ifai=srim=3
2L 2L f, 2
—3>< —3><50—75H
fz= > f2= > = z
Q4.

FIGURE 1 shows a snapshot graph of a wave traveling to the right along a string at 25
m/s. At this instant, what are the velocities of points 1, 2, and 3 on the string,

respectively?

A) —11m/s, 0, +11 m/s D (cm)
B) -11m/s, 0,—11 m/s

C) 0,11 mis, 0 o \
D) 0, +11 m/s, —11 m/s

Figure 1

— 15 ms

AL
E) —19 m/s, 0, +19 m/s \_/“t .1\ /
Ans: -9

|umax| = WYm = anym

25
== =8333m/s

_17
f‘z 0.3

A em

[umax| = 27 X 8333 x 2% 1072 = 10.47m/s = 11 m/s
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Q5.
Two transmitters, Sy and Sz, shown in the FIGURE 2, emit identical sound waves at a
frequency of 686 Hz. The transmitters are separated by a distance of 2.0 m. Consider
a big circle of radius R with its center halfway between these transmitters. How many
interference maxima are there on this big circle?
Figure2  p; —20m =42
A) 16 X
B) 12 \\ 5 5
C) 14 /S
D) 18
E) 10 8 ____'-'_DJILI_
Ans:
_v_343_05 by
“FTese M \ /
Number of Maxima =16 S
Q6.
A tube closed at one end resonates in the standing wave pattern shown in the FIGURE
3. If the frequency of the emitted sound is 858 Hz, what is the length of the tube?
A) 0.500 m Figure 3
B) 0.300 m -
C) 150 m >
D) 1.00 m BT~
E) 200 m
Ans:
_5v
fs =71
L 5v _5x343 .
T4, axgsg M
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Q7.
Two cars are approaching each other at the same speed when one of the drivers sounds
the horn of his car, which has a frequency of 500 Hz. The other driver hears the
frequency as 520 Hz. What is the speed of the cars?
A) 6.73 m/s
B) 13.1m/s
C) 254 m/s
D) 1.55m/s
E) 5.45m/s
Ans:
;L (v + vD) _ (17 + vc) — 500 (343 +vc) — 520
fr=’ v — Vs = fo v—v,) 343 —v,)
520 343 + v,
500 343 — v,
1.04(343 — v.) = 343 4 v,
_ 13.72 673
Ve =05 ~ 673m/s
Q8.
A source emits sound with equal intensity in all directions. If the displacement
amplitude is tripled, the sound level increases by:
A) 9.54 dB
B) 8.45dB
C) 10.5dB
D) 7.50 dB
E) 6.00dB
Ans:
2 S
[ sh=—=—=-=9
1 Sm2
I I Iy I
A =10|log [—] — log [—] = 10|log9 + log [—] — log [—]
Iy Iy Iy Iy
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Qo.
An ideal gas expands from the state A(p1, V1) to the state B(pz, V2), where p2 = 2p1
and V2 = 2V, via paths AB and ACB, as shown in FIGURE 4. Find the path which
requires more heat and the heat difference between the two paths, respectively?
Figure 4
A) Path ACB , +p1V1/2 ) C B
B) Path ACB, —p1V1/2 ]
C) Path AB, +3p1V1/2 '
D) Path AB, —3p1Vi/2 al A
E) Path ACB, +2 p1V1
Ans: Y . "
AE g = Qace — Wacp = Qap — Wip
Qace — Qap = Wacg — Wyp
Wycg = 2P, 2V, —Vy) = 2P, V;
Py
Wyp = P12V, — V) + ? 2V, — V)
PV, 3
WAB—P1V1+ —_P1V1
2 2
Qace — Qap = Wacg — Wyp
3 + PV,
=2P1V1—§P1V1= 2
Q10.
A glass container whose volume is 1.00 L at 0.00 °C is completely filled with a liquid
at this temperature. When the filled container is warmed to 55.0 °C, a volume of 8.95
cm?®of the liquid overflow. If the coefficient of linear expansion of glass is 5.67 x 10
/C°, then find the coefficient of volume expansion of the liquid.
A) 18.0 x 10°/C°®
B) 2.20 x 10°/C®
C) 7.65x 10°/C°
D) 11.5x 10°/C®
E) 14.1 x 10°/C®
Ans:

AVoverflow = AVliquid - AVglass = VOAT(ﬁliquid - .Bglass)

Voverflow 8.95 B
ﬁliquid = W + ﬁglass = m +3x567x%x107°

ﬁliquid =17.97 X 10_5 = 18.0 x 10—5/Co
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Q11.
A block of mass 125 g at a temperature of 90.0 °C is placed in a cup containing 0.326
kg of water at 20.0 °C. The block and the water reach an equilibrium temperature of
22.4 °C. Neglecting the heat capacity of the cup, find the specific heat of the block.
A) 388 J/kg.C®
B) 431 J/kg.C°
C) 453 J/kg.C°
D) 712 J/kg.C°
E) 600 J/kg.C°
Ans:
my, X ¢, X (22.4 —20)  0.326 x 4187 x (2.4)
= = = 387.7]/kg - C°
b= T, % (90 — 22.4) 0.125 X 67.6 I/kg
Q12.
As shown in FIGURE 5, when a system is taken from state a to state b along the path
ach, 90 J of heat flows into the system and 60 J of work is done by the system. How
much heat flows into the system along path adb if the work done by the system is 15
J?
Figure 5
A) +45] b
B) +601J Coy > b
C) +301J
D) —301J
E) —45] \
Ans: a = d
AEqp = Qach = Waer = Qaar — Waan 0 v

AE;, = Qacp — Waep =90 —-60=30]

Qadb = AEab + Wadb =30 + 15 = 4‘5]
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Q1s.
One mole of an ideal monatomic gas is taken along the path ab shown as the solid line
in FIGURE 6. Find the amount of heat that is transferred into or out of the gas along
the path ab. _
Figure 6
p(Pa)

A) —7.49 x 102 s8x10e |- .

B) +3.00 x 10?] 3% 10° ’

C) —2.22 x10%) —

D) +5.01 x 102 ]

E) —6.22 x 10%) 1% 10° b

Ans: 0 lu,(i()zlmi(uln.(:l(x,ln,nl()x ‘o010 V™)
AEab - Qab ab
Qap = AEini—ap + Wap
3 (PV, PRV,
AEii—qp =nCy(Ty —Tp) =1~ SR (W - ;Ra)
3 3. s

= E(P,,Vb - P V) = 5(10 X 0.01 — 3.5 x 10° x 0.006)

AEint—qp = —1650]
. (0.01 - 0.006) x 2.5 x 10°
W, = 10° x (0.01 — 0.006) + > =400+ 500 =900]
Qup = —1650 + 900 = —750]
Q14.

A sample of argon gas (molar mass 40 g) is at four times the absolute temperature of a

sample of hydrogen gas (molar mass 2 g). The ratio of the rms speed of the hydrogen
molecules to that of the argon is:

A) V5
B) 1
C) 1/5
D) 5

E) 1/V/5

Vrms—t _ [T Ma _
Vrms—4 TA MH

Ans:
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Q15.
Two moles of an ideal monatomic gas go through the cycle abca. For the complete
cycle, 800 J of heat flows out of the gas. Process ab is at constant pressure, and
process bc is at constant volume. States a and b have temperatures Ta = 200 K and Ty
=300 K, respectively. Find the work W for the process ca.
A) — 2463
B) +19851)
C) +1677J
D) —22331)
E) —800.0J
Ans:
For complete cycle abca Wy, = —Qapca = —800]
Wabca = Wap + Wpe + Weq = nR(Ty — Tp) + 0+ Weg
Weo = Wapea — nR(300 — 200) = —800 — 2 x 8.314 x 100
W, = —2462.8]
Q16.
The volume of an ideal gas is halved during an adiabatic compression that increases
the pressure by a factor of 2.5. By what factor does the temperature increase?
A) 13
B) 1.9
C) 25
D) 1.7
E) 2.2
Ans:
P
L=l 1
AN "(P) ln(—)
vy — y 50 (S _ f/ _ 2.5
fe =B :Pf_(Vi> —rs (Y ) (1)
n Vl ni\?2
_Z0916 o,
Y= T0693 7
T (V,\'!
f_ (2 _ 032 _ _
==\ =(2 =1.248=1.3
Ti (Vf> @
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Q17.
Three Carnot engines operate between the two temperature limits of (a) 400 and 500
K, (b) 500 and 600 K, and (c) 400 and 600 K, respectively. Each engine extracts the
same amount of energy per cycle from the high-temperature reservoir. Rank the
magnitudes of the work done by the engines per cycle, greatest first.
A) c,ab
B) a,b,c
C) b,c,a
D) c,b,a
E) a,c,b
Ans:
Ty — T,
W= Quec =———"Qu
H
_ 500 —400 0.2
fe-a= 500
_600-500 .
b =600
_600-400_ .
fe-c =700
c,a,b
Q1s.
FIGURE 7 shows a Carnot cycle on a T-S diagram, with a scale set by Ss = 0.60 J/K.
For a full cycle, find the net work done by the system.
A) 75 Figure 7
B) 22
C) 99 - 400 14— >
D) 31J -‘:’ 300 :
E) 551 : Lo «
Ans: = 200 |

For complete cycle Qpet — Wher = AS =0 100 1

Whet = Qnet = deS = Area 0
Entropy (1/K)

=150 X 0.5 = 75]
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Q1.
5.0 mol of an ideal monatomic gas undergoes a constant pressure process at a pressure
of 2.0 atm from an initial volume of 0.5 m® to a final volume of 0.3 m®. What is the
change in entropy of the gas during this process?
A) 53 J/K
B) +53J/K
C) -11JK
D) +11J/K
E) -35JK
Ans:
Ty Vs
AS = nCyln (Fl) =ncpyln (71)
—5><5><8314><l (O'3)— 53.09 J/K
R A "\os) = 72309
Q20.
A Carnot refrigerator operates on 800 W of power. If the freezing compartment of the
refrigerator is at —15.0° C and the outside air is at 35.0° C, calculate the rate at which
heat is discharged to the outside air.
A) 4.93 x10%J/s
B) 1.29 x10%J/s
C) 7.55 x10%J/s
D) 8.80 x103J/s
E) 9.34 x103J/s
Ans:
Qu=0,+W
kW= w =28 800
Q= Ty T, ~ 308 — 258

Q, = 5.16 x 800 = 4128 /s

Qp =Q,+W = 4128 + 800 = 4928]
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