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Ql.

The displacement (y) of a vibrating string versus position (x) along the string is shown in
Figure 1. The wave has a speed of 0.10 m/s. What is the maximum transverse speed of a
particle on the string?

Fig#
¥ (mmj
4 L -

L L L

S S

Figure 1
A) 4.2 cm/s
B) 2.1 cm/s
C) 2.8 cm/s
D) 6.3 cm/s
E) 1.1 cm/s

Q2.

The frequencies of two consecutive harmonics of a pipe, closed at one end and open at the
other, are 929 Hz and 1300 Hz. The length of the pipe is 0.450 m. What is the speed of sound
waves in the pipe?

A) 334 m/s
B) 343 m/s
C) 340 m/s
D) 330 m/s
E) 410 m/s

Q3.

Two different materials A and B have the same mass and are at the same initial temperature.
They both absorb equal amounts of heat energy. The final temperature of A is higher than
that of B because

A) The specific heat of A is less than that of B.

B) They have the same coefficient of thermal expansion.
C) The specific heat of B is less than that of A.

D) Both materials have the same specific heat.

E) Both materials have the same thermal conductivity.
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Q4.

A block of 200 g of copper is dropped into a container that has 500 g. Both are at a
temperature T = 90 °C. The system is left to cool down slowly. What is the temperature of the
system when the heat lost by the water and the copper is 2.0x10* J? (Neglect any heat gained
or lost by the container. The specific heat of water and copper are 4180 J/kg K and 386 J/kg
K, respectively).

A) 81 °C
B) 75 °C
C) 45 °C
D) 25 °C
E) 0 °C

Qs.

A cylinder contains 4.00 moles of a monatomic ideal gas at a temperature of 30.0 °C and a
pressure of 1.50 atm. The gas is heated under constant pressure until its temperature reaches
150 °C. How much work is done by the gas in this process?

A) 953 cal
B) 389 cal
C) 645 cal
D) 760 cal
E) 540 cal

Qo.

A heat engine takes 0.200 moles of an ideal monatomic gas through the cyclic process shown
in the PV diagram (see Figure 2), where AB is an adiabatic process, To = 600 K, Tg =455 K
and T¢ =300 K. The heat gained by the gas is

Fig#
p

Figure 2

A) 748 1.
B) 296 J.
C) 3451.
D) 983 J.
E) 104 J.
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Q7.

Two positive charges (+8.00 C and +2.00 C) are separated by 300 m. A third charge is placed
a distance r from the +8.00 C charge so that the resultant electric force on the third charge
due to the other two charges is zero. The distance r is

A) 200 m.
B) 500 m.
C) 300 m.
D) 100 m.
E) 400 m.

Q8.

A point charge q =+ 4.00 nC is located at a point having coordinates (30.0 cm, 40.0 cm). At
what point will the electric field due to this charge be 72.0 N/C and pointing in the negative
x-direction?

A) —40.7cm, 40 cm
B) 40.7cm, 40 cm
C) 70.7cm, 40 cm
D) -70.7cm, 40 cm
E) 12.5cm,-12.5 cm

Q.

Figure 3 shows two large, parallel, non-conducting sheets, each with fixed uniform surface
charge density: 6; =+ 2.2x10° C/m” and 6, = — 4.3x10° C/m’. The ratio of the magnitude of
the electric field at point A to that at point B is

Fig#
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Figure 3

A) 3.1

B) 4.4

C) 2.2

D) 1.5

E) 0.6
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Q10.
What is the external work required to bring four 2.0x10™ C point charges from infinity and
place them at the corners of a square of side 0.14 m?

A) 1.4x10°° J
B) 1.8x10°° J
C) 0.30 x107°J
D) 0.60x107° J
E) 1.0x10°° J

QI1.
Three capacitors C;=5.0 puF, C,=10 pF and Cs= 3.0 puF are connected to a 20 V battery as

shown in Figure 4. Find the stored electric energy in C,.

Fig#

1

V=20V

. pr—

Figure 4
A) 2.2x10™* ]
B) 0.35x10™J
C) 1.3x10™* J
D) 1.9x10° J
E) 4.0x10° J

Q12.
An isolated conducting sphere whose radius R is 2.0 cm has a charge q = +16x10” C. What

is the energy density at the surface of the sphere?

A) 0.57 J/m’
B) 0.93 J/m’
C) 2.3 J/m’
D) 3.7 Jm’
E) 41 Jm’

QI3.

A copper wire of cylindrical shape has resistance R. What is the resistance of a second wire,
made of the same material, that is twice as long and has twice the diameter?

A) R2
B) 2R
C) 4R
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D) R/4
E) R

Ql4.

The four resistors shown in Figure 5 are identical, and each has a resistance of 6.0 Q2. The
battery is ideal and has emf "= 12 V. What is the value of the current i, passing through R;?

Fig#
D)

= VW —

é R,

Figure 5
A) 0.50 A
B) 1.0 A
C) 1.5 A
D) 20 A
E) 25 A

QI5.
In the circuit shown in Figure 6, /5 =6.00 V, /5 =12.0 V, R; =200 Q, and R, = 100 Q.

What is the power supplied by +1? (Consider the two emf to be ideal).

Figure 6
A) 1.08 W
B) 0.720 W
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C) 324 W
D) 2.88 W
E) 1.80 W

Ql6.

Consider the circuit shown in Figure 7. When the capacitor is fully charged the current I is
3.00 A. What is the charge on the capacitor if its capacitance is 10.0 uF?

Fig#

2000 3.00

Figure 7
A) 150 pC
B) 60.0 uC
C) 90.0 uC
D) 270 pC
E) zero

Q17.

A power supply charges a 6.00-uF capacitor to a potential difference of 100 V. The power
supply is removed and the capacitor is connected to a 1.50 kQ resistor at time t = 0. What is
the potential energy stored in the capacitor at t =2.00 ms?

A) 192 mJ
B) 27.4 mJ
C) 15.6 mJ
D) 23.8 mJ
E) 213 mJ

QI8.

A single resistor R, is connected to a battery. A second resistor R; is then connected to R; in
parallel. Which of the following statements is CORRECT?

A) The current through R; will not change.

B) The current through R; will increase.

C) The current through R; will decrease.

D) The current through the battery will decrease.
E) The current through the battery will not change.
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Q109.

At one instant, an electron is moving in the Xy plane. The components of its velocity are vy =
5.0 x 10° m/s and vy =3.0 x 10° m/s. A magnetic field of 0.80 T is in the positive y direction.
At that instant, what is the magnetic force on the electron?

A) 6.4 x 10" N in the negative z direction
B) 6.4 x 10" N in the positive z direction
C) 3.2 x 107'* N in the negative z direction
D) 3.2 x 107'* N in the positive z direction
E) 1.8 x 10"* N in the negative z direction

Q20.

A proton is moving with velocity of v=(1.51+ 1.5 j) x 10° m/s. It enters a region of a
uniform magnetic field pointing in the negative z direction. What is the direction of a uniform
electric field in the xy plane that will make the proton move un-deflected?

A) At an angle of 315° form the positive x axis

B) At an angle of 45° form the positive x axis

C) Atan angle of 225° form the positive X axis

D) At an angle of 135° form the positive x axis

E) No electric field in the xy plane can prevent the deflection of the proton

Q21.

A particle, with charge g =+ 1.6 x 107'® C and mass m = 3.2 x 107’ kg, is travelling in the
positive y direction at speed v = 5.0 x10° m/s as shown in Figure 8. It enters a region of
uniform magnetic field where it is deflected to follow a circular path of radius R = 0.50 m.
What is the magnetic field in this region?

Fig#

Region containing
magnetic field

-
®q

Figure 8
A) 0.20 mT into the page
B) 0.20 mT out of the page
C) 0.10 mT into the page
D) 0.10 mT out of the page
E) 0.35 mT into the page

Q22.
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In Figure 9, a square loop of wire of side 0.50 m lies in the xy plane. The current in the loop
is 0.25 A. There is a uniform magnetic field B in the positive y direction of magnitude 0.75 T.
What is the toque on the loop?

Fig#
R
A i A
i 4 : B
' Yi
e C L R R [ Q
'l
5
Figure 9

A) 0.047 N.m causing rotation about the line PQ
B) 0.047 N.m causing rotation about the line RS
C) zero

D) 0.094 N.m causing rotation about the line PQ
E) 0.094 N.m causing rotation about the line RS

Q23.
In Figure 10, a copper wire AB is hanging between the poles of a magnet. As a result of
closing the switch (S), there will be

Fig#
&
¥
| I
\s
N
A B
S
Figure 10

A) A magnetic force on the wire AB into the page.
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B) A magnetic force on the wire AB out of the page.
C) A magnetic force on the wire AB towards the left.
D) A magnetic force on the wire AB towards the right.
E) No magnetic force on the wire AB.

Q24.
In Figure 11, the current in both very long wires is i = 5.00 A and R =2.00 cm. The
magnitude of the magnetic field at point P, at the center of the semicircle shown, is

Fig#

i

>

Figure 11
A) 29 uT into the page.
B) 29 uT out of the page.
C) 15 uT out of the page.
D) 15 puT into the page.
E) zero

Q25.

Figure 12 shows the cross section of two long wires A and B each carrying a current [ =12 A
(out of the page). Calculate the magnitude of the net magnetic field due to these two currents
at point C.

Fig#
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I B

3cm

A 4 cm

Figure 12
A) 0.10 mT
B) 0.20 mT
C) 030 mT
D) 0.40 mT
E) 0.50 mT

Q26.

An ideal solenoid has length L = 0.80 m and inner diameter d = 3.6 cm. It carries a current [ =
5.6 A. It consists of 10 layers each with 900 turns along its length. The magnitude of the
magnetic field at the center is

A) 0.079 T.
B) 19 T.
C) 0.50 T.
D)23 T.
E) 020 T.

Q27.

A long solid cylindrical conductor of radius R = 4.0 mm carries a current I parallel to its axis.
The current density in the wire is 2.0 x10* A/m?. Determine the magnitude of the magnetic
field at a point that is 3.0 mm from the axis of the conductor.

A) 38 uT
B) 52 uT
C) 12T
D) 24 uT
E) 48 uT

Q28.

A circuit is pulled to the right at a constant speed v = 9.0 m/s in a uniform magnetic field with
a 16-N force as shown in Figure 13. As the circuit moves, a current flows through the 4.0 Q
resistor (R). What is the magnitude and direction of the current in the circuit?
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Fig#
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Figure 13
A) 6.0 A, clockwise
B) 4.0 A, clockwise
C) 6.0 A, counterclockwise

D) 4.0 A, counterclockwise
E) 10 A, clockwise

Q209.

A small circular loop of area 0.50 cm? is placed in the plane of, and concentric with, a large
circular loop of radius 2.0 m. The current in the large loop is changed uniformly from +100 A
to —100 A in a time interval of 0.50 s. Find the magnitude of the emf induced in the small
loop in this time interval (Assume the field is uniform through the smaller loop).

A) 6.3 x107
B) 3.1 x10°®
C) 5.0 x10®
D) 7.5 x10°
E) 9.2 x10”

<< < <<

Q30.

A 2.0 m long copper wire, with a resistance of 5.0 Q, is formed into a square loop and placed
perpendicular to a uniform magnetic field that is increasing at the constant rate of 10 mT/s.
At what rate is thermal energy generated in the loop?

A) 1.3x10° W
B) 4.5x10° W
C) 3.2x10° W
D) 2.1x10* W
E) 0.10x10° W
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Physics 102
Formula sheet for Final Exam
/ 1 ., 3 \% L
VvV = 1 ,V = M ov = E Vrms= m—T’—mVZZ—kBT, I:JA,RZszX
n p M 2 2
S=S,_ cos(kx — wt) p = atu=Te P=P [1+(1(T/1;CT0)], P=1V
Power ¢ L q(t) = Ce[l —e"™],
1= e Q=nc,AT , Q=nc, AFlf q(t) =qo e 'RC
Y — y-b_ . . - . =
y=y._sin(kx—ot—@) PV 9—constant , TV" =constant | 7 =NiABsiné, 7 = zixB
P=loly, 2y To= T +32, T =T, +273 F=q(vxB), F=i(LxB)
AP = AP_sin(kx — wt) W=0Qu_ QL SZEZI_& Fba:m,df;:“_o@’
AP_ =pvoS,. Q, Q. } 2zd 4t r
1= Lolos,, P QT Qg rde §B.ds=piyi,.U=-7B
I QH TH W T B: }‘LO 1 B: uol
B=10log— , I, =10""W/nf kq,q, .= 4nR " 2nr’
I, F= , F=qE, 7=pxE . B
r’ B,=p,ni,pg=_[B.dA
£ f[ViVDJ o kq ~ Surface
= _ = E.dA, E=—,U=p-E d
V+VS (p Su;[ace r p :-% ’ SZBLV
- P —ot-2 k 2k | crmmommreoo e
y (2ymcoszjs1n(kx ot 2) E= R_?r . E= TX v=v +at
A - X, =v t+-at’
AL = —Q = q X X A
27; (p‘?:fDE'dA: € vi=vl+2a(x-x,)
AL =n > n= 0,1,2,3, s S kQ €= 8.85 x 102 C¥/N.m*
AL = m) E=— , E=—,V=""7, k=9.0 x 10° N.m*/C
- 2e, & r ge=-1.6x10"°C

f o= n=123,.
2L
- n=135,..
n 4L

y =2y, sin(kx )cos(wt)

w=AL 1 PV =nRT=NkT
L AT

n=lo Ny

M N, V AT

Q-mL, W = [PdV ,

ngﬁ(lm{;z), Cp—CVZR
3V 2

Q=mcAT,
AE, =Q—-W, AE, , =nc AT

B
AV=VB-VA=-jEd§=£,
A 9o
PNV g N
ox oy oz
U kq,q, ’ng , C0=80A
I, A% d
C =4re, ab ,U:lcv2
b-a
u=—¢FE* C=xC,
E:&’ V = &’ I:d_Q ,
K K dt

me=9.11 x 10°' kg

m, = 1.67 x 10* kg
leV=1.6x10"J

Lo =41 x 107 Wb/A. m

kg =1.38 x 102 J/K

N, = 6.02 x10* molecues/mole
1 atm = 1.013 x 10° N/m?

R =8.31 J/mol. K

g=9.8m/s’, 1 cal =4.186 J,
for water:

c :4180L
kg K

L, :3332, L, :2256H
kg kg
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