The figures show standing waves of sound in six organ
pipes of the same length. Each pipe has one end open
and the other end closed. War ning: some of the
figures show situations that are not possible.

1 A
21 = > 5
31 o 8L

Which one of the pipes emits sound with the lowest frequency?

A:l B:2 C:4 D:5

Which one of the pipes emits sound with the next lowest frequency?

Al B:2 C:4 D:5
Which one of the pipes emits sound with the highest frequency?

A:2 B:3 C:4 D:o



Compared with the sound you hear from the siren of a
stationary fire engine, the sound you hear when the fire
engine approaches you has an increased

A\ speed.

B. frequency.

C. Both of these.
D. Neither of these.

The dectric field cannot exist in avacumm
A. True.

B. Fase.

Complete the following statement: A simple series circuit
contains aresistance R and an ideal battery. If a second
resistor is connected in parallel with R,

A) the voltage across R will decrease.

B) the current through R will decrease.

C) thetotal current through the battery will increase.
D) the equivalent resistance of the circuit will increase.



An electron is mowig at high speed thugh a field-free
region. In enteréand soon exits) gegion in which the

electric field pants up. Which pdit best representbe
path of the eldgcon?

g uniform E field

uniform E fleld



Three charges allacry the same magnide of charg®),
but with differert signs as shown hmev.

-Q +Q
l @ ® 2
+Q
® 3

Which of the arrowss In the directia of the net forcen
charge 2?7

vV
AN



Three charges allacry the same magnide of charg®),
but with differert signs as shown hmev.

+Q +Q
l @ ® 2
-Q
® 3

Which of the arrowss In the directia of the net forcen
charge 2?7
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Two pith balls of dentical initial situation

mass andlspe are suspende S
from the ceiling by

nonconducting stnigs. Ball 1

Is given a charge af,=Q and

ball 2 is given a charge|,=3Q. O
Which of the bedw pictures

best déplays the final 1

Q

B

2
positions of these big?

3Q

T
7T



A negatively chargerod While the chargedod remains in

approaches previously neutral plaae, the sphere is gunded.
conducting spher&Vhich picture Which picure now best disple
bestdisplays the arramynent of the arrangememtf the surface
the surfae charges on the lspre? chages on the sphere?

= (3 A = () A
=) B = () B
= () = () C
= (3 D =( ) D




A charge € lies directly
belowv a charge ®, while a
third chage +g lies on the
perpendcular bisector of
the line joining €) and Q.
What Is the directin of the
force ong?

A B

l T

Zero
force



A charge € lies directly
nelonv a charge ®@. The
nointP lies on the
nerpadicular bisector o
the line joining+Q and Q.
What Is the directin of the
electricfield atP?

A B

l T

Zero
field



In the figure belowidentical negati® charges e are
placed symmeically around the gin on thex-axis and
as a redltithe electric fiéd at pointP is directed upward
along they-axis. If a negatig charge © is now added ¢
a point on the posxe y-axis, what happerns the field af
P? (All of the chages are fixed in pmtion.)

O
-

A. Nothing since © is on they-axis.
B. Strength will incease becaus€Hs negative.

C. Strength will deagase and directiamay change
becauseof the interactios between © and the two

—(J's.

D. cannot determine wiout knowing thedrces
exerted betwen particles.



Consider the eleatr field at the pait markedX due to two partids,

each with chargqg and separated bysflanced in any of the four
configurations shewn below. Rank theonfigurations aawrding to the

magntude of the electcifield atX, least to greatest

#1xd.d‘ #Z.dxd.
q g g

d diid
#3 d q H4 q

A. BEi<E<Ex<E, C. Ex<E;<E,<E,

B. EXE;<E,<E,  D. E,<E,<E,<E,



10V
20 V
30V —

40V
50 V
10V
20 V
30V —

=2 A.The smallest worksi
. 4 C S0 required in I.
Ao B AT o B. The largest worksi
: o E B required in .
' oL
1 C.The largest works
required in lll.
> > > > >
4= & ® I B D. All three would reuire
; i ; the same amau of work.
A+ B

The above shows tHecation of
equipdential lines (disfayed as the dotted
lines with correspnding voltages)ln each
case, an gbct with charge H1C is moved
from AtoB. In this problenwe consider
the wak required to makéese moves.
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As | B

The above shows tHecation of
equipdential lines (disfayed as the dotted
lines with correspnding voltages). In this
problem weconsider the magtude of the
electrc field at the poihB in the three case

A. E, >E, >E
B. E >E, >E
C.E,>E>E,
D.E =g, >E,



Consider four chaesg all of
equal magitude, but two are
positive and two i@ negative.
They are arrangedgsahown in
a square The voltage atie
center of the agare (marked
with X) is:

A. zero
B. points up
C. points right

D. point to the left



vy,

Plots of charg®) vs.
potential diferenceV for
three differehcapacitors
are dsplayed below alonc
with the area anglate
separation othese three
capadors. Which plot
goes with which

capacitor?
plate
aree separatio
A d
2A d



A parallel-plate cpacitor is connecteto a battery of
electric potential dferenceV. If the plate segration is
then deceased do these quidies:

A increase
B: decrease
C: stay the same

. capacitance

. potential diffeence between plate:
. charge on a plat

. energy stored

. electric field letween plates

. energy densityé¢iween plates

O 01~ WDN P

-

separatiot
I
g

—_—

reduce
plate




A square (side) parallel-plate gaacitor carries a
chargeQ, but is otherwisésolated (disconneed). If
the platesizesis increased (witlother parameters
unchanged) do thespiantities:

A increase
B: decrease

C: stay the same

. capacitance

. electric field letween plates

. potential diffeence between plate:
. energy stored

. energy densityégiween plates

o B~ WON B

>0




A parallel-plate cpacitor carries al@argeQ, but is
otherwiseasolated (disconneed). If the chargQ is
then increasedo these quantities

A increase
B: decrease
C: stay the same

1. capacitance

2. potential diffeence between plate:
3. electric field letween plates

4. energy stored

5. energy densitydiween plates

1+Q

1-Q



A resistor consistef a long cylindeof carbon (radius
a, lengthl) and carries a crentl. If the current is
then increasedo these quantities

A increase
B: decrease I
C: stay the same

. resistance

. potential diffeence
. electric field

. resistivity

. power

. current density

. drift velocity

~N O O b WODN B

2a



A resistor consistef a long cylindeof carbon (radius
a, lengthl) and carries a ctentl. If the radiusais
then increasedo these quantities

A increase
B: decrease I
C: stay the same

. resistance

. potential diffeence
. electric field

. resistivity

. power

. current density

. drift velocity

~N O O b WODN B

2a



+Q Dielectric K

04 DI

An isolated paradll plate capacitanolds a charg®.
A dielectric sld (dielectric constntk > 1) can exactly
fit between the plase If the dielectc is inserted

A. the charge on thglates and the vage will
Increase.

B. the capacitance Wincrease and theoltage will
decrase.

C. the electric fieldbetween the platesill increase.

D. the capacitance drthe electric fial between
the plates will de®ase.



A 2 pF capacitor €,) and a 4F capacitorC,) are
connected irseries and | attach 6 V battery beteen

pointsa andC 2UE 4 uF
| b ||
|

G, G

ao OC

How does the charg@, stored orC; compare to
the chage Q, stored orC, ?

A.Q <Q, B.Q,>q, C.Q,=q,

How does the voltagdrop acros€, : AV(ab)
compare to the \tage drop across, : AV(bc) ?

A. AV(ab)=2AV(bc)
B. 2Av(ab)=AV(bc)
C. AV(ab)=AV(bo)

D. None of the abov



2 UF
Cl
A 2 pF capacitorC,) €, o f
and a 4F capacitor
(C,) are connected In
parallel and | atteh a
6 V battery bawveen
pointsa@ andb Ce c ?
2
as  gup b

How do the voltageata, C,and €compare ?
A. V5 <Ve<Vg B.Va>VC>Ve

C. Vg=Vc=Ve D. None of the abov

How does the voltagdrop acros€, : AV(ef)
compare to the Itage drop across,, : AV(cd) ?

A. Avcd)=2av(ef)  B. 2av(cd)=AV(ef)

C. AV(cd)=AV(ef) D. None of the abov



A 2 pF capacitorC,)
and a 4F capacitor
(C,) are connected In
parallel and | atteh a
6 V battery bawveen

pointsa@ andb

2 UF
E, C1
C, ]
as  qpF ¢

How does the charg@, stored orC; compare to

the chage Q, stored orC, ?

A.2Q,=Q, B.g, =2,

D. None of the abov

C.o,=q,



M VA VB
> g
e VC—>\ 1VA7
S 2
,_O_g ? 2. VBr)
=5
y A 3.V?
Z
l 4.Vp?

V,, is defined to be 0 Volts

A:3V B:15V (C:0V
D: none of the abo\



[ 1 VA VB
> &
— VC—> 1VA7
=>
>0 ' 2.Vg?
— ©
- V 3.Vc?
«—V D C
Z
l 4.\Vp?

V,, is defined to be 0 Volts

A:3V B:15V (C:0V
D: none of the abo\



1. Which bulb hade
greater resistame?

2. Which bulb willshine
brighter

A. 25 W
B.40W
C. Same



5 |

ldentical batteriepower
identical Iight bulbs in the
three circuits. Whil
circuit produceshe most
total light?

A. Circuit #1
B. Circuit #2
C. Circuit #3

D. #1 and #2 producéé
same totalight



#1

T 2% 25

Which bulb is brigker?

25 \W B.40wW |
v C. Equally bright

@mw
H9 A. 25 W
-

25W 40 W

o LA




Which bulb will shne the brightest?
A B
(LI
)




With the switch as
shown (open) the
ammeter reads 1 A
When the switch is
30Q closed, the current:

A. Increases slight
B. decreases sligitt
C. remains the same
D. doubles

R1 >Ry > Rj3
Rank the current In
the resistors.

A. 1> 2>3
B. 1< 2<3
C.li=l2=1l3
D. none of the above




100 uA

10 kQ

— 100 pF

1 mA

¢ A
\»
1 s
t C
f g
10 ms

10V

1 mA

1 mA




100 uA

100 uA

100 KQ

— 0.1puF

t A
1=ps "
t C

' >

10'ms

10V

1 mA

1 mA

t B
.
10 ms

t D
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An electron movesdrizontally towarda screen. The ele@on .
moves along thdotted path becaaf a magnetic fae A
caused by a maghc field. In whatdirection does tha

magnetic field pot?

A. Toward the top ofhis page
B. Toward the bottorof this page
C. Into this page

D. Out of this page screer



—>

uniform magnetic &ld

.,
s

D: down and slightf out
of this page

A uniform magnetic field
points straight up in a
aboratory on Earth. A
nositively charged ball is
dropped in this field, and
gravity makes it fall (at
least initially) straight
down. Which of the

following best show its
path?




An electron approd®es the pole of bar
magnet at high spde The arrows orhts
diagram show th direction of the
magnetic field andhe direction of th
electron’s initid velocity. What type of
pole (N or S)s the electron goaching
and in which direabn will the electon
move~?

A. S, into page
B. S, out of page
C. N, into page
D. N, out of page



What happens to aopitive charge thas
placed at resh a uniform magnet field? (A
uniform field is one whos strength and
direction are theamne at all points.)

A. It moves with a costant velocity sice the
force has @onstant magnitude.

B. It moves with a costant acceleratiosince
the force has constant magnitie.

C. It moves in a cire at a constant sepd

since the force ialways perpendicutdo the
velocity.

D. It remains at resdince the force antthe
Initial veloctty are zero.



thin wire
/

© ©
[ E}\!&xxxxxxxxxxxxx :Qggﬂrﬁxxxxg\QJ ‘S — > - b ~ — > g
battery] % a C %
E —> — — £
The picture above®ws a £ S
device verysimilar to one use g —a= g
¥S = c
In class. A battey drives a > >
currentthrough a thin we There is a currerftowing
which is suspenakabove a clockwise aound a square loop
magnet.When the battery is which is surroundedith a
connected the thiwire moves uniform magetic field pointingy
Into the page. What sodf to the right. Tl torque on this
pole is the tof the magnet? loop will try to rotde the loop sc

B.E A\. sidea moves out of theage
C.s D.w B. sideb moves out of theage
C. sidec moves out of theage
D. sided moves out of theame



uniform magnetic &Id
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uniform magnetic &ld

A. wire a moves oubf t

e

nage

B. wire b moves oubf the page

C. wire c moves oubf t
D. wire d moves oubf t

ne
e

nage
nage




Long straight wirescarrying equal auents,
are placeat the corners ofraequilateral
triangle. Which vectobest displays the
direction of the magetic field at X?

B C
A<—\ f—>D

One current Is noweversed...

Another current iseversed...



Wire 1 has a large
currentl flowing out
of thepage (), as
shown In thadiagram.
Wire 2 haghe same
currentl, but flowing
Into the pagel().

In what direction des
the magnetic éld
point at posiion P?



B

-

D

Crossed wires eaaarry
the same cuentl.

Which point has a
magnetic field poiting
out of the page?

Into the page”?

Zero?
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In this case the pacles all have th

> samespeed Which of the ba&lw
statements propky assigns parti€ls
with paths?

® 6 ©
© 16

@ ® .
" €am A |=electron; V=proon

® © source B. IV=deuteron and:; V=proton

@ ® \], C. I=proton; lI=deuteon
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——— s D. I=electron; Ill=; IV=deuteron
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Each of the belowolops carries a
currentl. Which ras the biggst
magnetic dipole moent?

Smallest?
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#1

#2

#3

The figure shows tiee different confjurations of a
magretic dipolep placed in a unifon magnetic field.
Which of the belws options best desbes the relatiortsp
between the magtude of the torge experienced by éh
dipole in theseanfigurations. {; denotes the magnue of
the torquen configuration #1letc.)

A.1{>To> 13 B. 11<1,<T13
C. 1y=1,=13 D.1{=13<1T»

Consider the poteral energy of the mgnetic dipole inhe
uniform magneticfield of the prewous problem. Whiclof
the below optias best describebée relationship bateen the
potentialenergy of the dip@ in these configations. U,
denotes the potaat energy in confjuration #1, etc.)

A.U;>U,>U, B. Ui<U, <U,
C. U;=U,=U, D. U;=U,< U,



uniform magnetic &Id
uniform magnetic &Id

The magnetic fielénd the circule
loop lie in the plae of this page.
The magnetic fluxirough the
loop Is:

A +12B
B -mr2B

C +2rB
D zero



Consider the casd an infinite wire,carrying
| T a current sitting on thez axis. The magneti
flux through a dk of radiugR, sitting in the
infinite Xy plane and centereazh the origin is:

wire

A. 21tRB
B. +ntR?B
000 C 2R
7,7 =TT
000
i D o

L
% o



In this oscilloscop trace the
vertical scale is\t/div and the
horizontal scale I2ms/div.
VrmsIS most nearly?

A3 B2 C:1 DO

The period Is mogtearly:

A:12ms B:8ms C:6ms D:2ms



Primary circuit

Secondary circui

T
Z

T
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The south pole of bar
magnet has beesitting neai
theend of a solenoidThe
bar magnet isow moved
vertically towardghe
solenoid. Which wsawill
the current flow irthe
straight section?

A. Up
B. Down

A. Clockwise

G OA
B
-

B. CounterClockwise

A long straight wie and a square loc
of wire sit in theplane of this sheef
paper. A ciralar loop of wire gs in
a plane perpndicular to the log
straight wire. For several minutes
there has been arant flowing up
the long straight we; that currentd
now reduced. Whickvay will the
induced current flav in the square ar

the circle?

A current has beeffowing
through theprimary circuit
in the direction indiated.
This curremis now reducec
to zero. What ishte
direction of the crrent
inducedin thesecondary
circuit

<, DA
- _S>B




A. Left
B. Right

T
Z.
s

A

SRR
« (N
YRR

Primary circuit

.

Secondary circui

The current showrndwing
through theprimary circuit

The south pole of bar Is increasing

magnet is apmaching the
solenod

A.Up B. Down

A
y

A long straight wie and a square loc
of wire sit in theplane of this sheef
paper. A ciralar loop of wireis
centered on thieng wire, but sitsn a
plane perpendular to this shaeof
. paper. For seeral minutes therbas
A ClOCleSE been no currdrflowing in any wre.

. A battery (notshown) is connecte
and a current stts to flow to theright

B CCW through thedng straight wire.




100 uA

1 mA

1 mA
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100V

>
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\/ 1 us \/ 0.1s
, C >, D
AWEEEE-TANA WS

A generator has 1000 turns
around a square lpowith side
1cm and Is spinningt
w=100rad/s. What daas the
output voltage?
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20 l Y

VL (D
| t (Ms)

- | |
1 2
-10 +

-20 +

Y
A. XleadsY Ifthisis anL...

A. Xisl, YisV
B. XisV, Yisl

B. Y leads X
C.Xlags Y

D. Y lags X
If this I1s aC...
A. Xisl, YisV

B.XisV, Yisl



E A
o 20 +
@)
S
S 10 +
> t (ms)
- I | | | >
1 2 4 5

ARV,
-20 +

Y
A.1ov 1V, A. 0015 4.T
B.14av  2.v,orv, B..oo3  5.f
C.2sv 3.V, C.333 6.w
D.-14v

D. 2000



The ac generator ithis circuit has dixed
voltage ¥) and frequencyf]. We seek to
maximize the current tflough a particulacoll
with inductane L. Compared to theimple
circuit shown, the current thnagh the coll
couldbe increased by:

A. Adding a resistomi parallel toL @

B. Adding a capacitoin series with_

C. Adding an inductoin parallel withL

D. It is not possiblgo increase the crent
through the oil by adding compioents.
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If the solid arrow
represents the
pha®r for Vg which
caseshows:

Vv, ?
Vo?



10Q 0.1pF
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What value oto woud maximize

the curretf?
A:10¢ B:10¢ C:10° D:1?

If the phasor diagimis as
shown,w Is

A. higher tharresmance
B. lower thanresorance T

C. at resonance - ‘7/

y



") %o.m

If R<X_ <Xc, which component
will heat the most?

AR B:L C:.C



4C J

If light Is movingout of the page
(+x direction), andhe electric fielc
IS In the y directon, the magnetic
field 1s In:

. +z direction
. —z direction
. +y direction
. hone of the above

o0 m>



