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E & M 2. A rectangular loop of wire of resistance R and dimensions h and w moves with a constant speed v
toward and through a region containing a uniform magnetic field of strength B directed into the plane of
the page. The region has a width of 2w as shown above.

(a) For the interval after the right-hand edge of the loop has entered the field but before the
left-hand side of the loop has reached the field, determine each of the following in terms of B,
w, h, v, and R.

1} The magnitude of the induced current in the loop-
i) The magnitude of the applied force required to move the loop at constant speed

GO ON TO THE NEXT PAGE
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() On the axes below, plot the following as functions of position x of the right edge of the loop
shown above.

i) The induced currcnt I in the loop
ii) The applied force F required to keep the loop moving at constant speed

Let counterclockwise current be positive, clockwise current be negative, forces to the right

be positive, and forces to the left be negative. The graphs should begin with the loop in the
position shown (x = 0) and continue until the right edge of the loop is a distance 2w to

the right of the region containing the field (x = 5w).

Counterclockwise

|
|
]
|

2w 3w 4w Sw

Current /
k3

Clockwise

Right

|
!
|
]

Force F

Left

GO ON TO THE NEXT PAGE
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View from Above

E & M 3. A conducting rod is free to move on a pair of horizontal, frictionless conducting rails a distance € apart.
The rails are connected at one end so a complete circuit is formed. The rod has a mass m, the resistance of
the circuit is R, and there is a uniforrn magnetic field of magnitude B directed perpendicularly into the
plane of the rails, as shown above. The rod and the rails have negligible resistance. At time ¢ = 0, the rod
has a speed vy to the right. Determine each of the following in terms of & m, R, B, and vy.

(a) The induced voltage in therod at r =0
(b) The magnitude and the direction of the magnetic force on the rodat 1 = 0
(c) The speed v of the rod as a function of time

(d) The total energy dissipated by the resistor beginningat r = 0

END OF SECTION II, ELECTRICITY AND MAGNETISM

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON SECTIONII,
ELECTRICITY AND MAGNETISM, ONLY. DO NOT TURN TO ANY OTHER TEST MATERIALS.
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1

E & M 3. A long, straight wire lies on a table and carries a constant current I, as shown above.

(a) Using Ampere’s law, derive an expression for the magnitude B of the magnetic field at a

perpendicular distance r from the wire.

A rcctangular loop of wire of length €, width w, and resistance R is placed on the table a distance s

from the wire, as shown below.

le— ty ——»]

Top
View

L.

z

(Positive z
out of page)

| Tabletop

(b) What is the direction of the magnetic field passing through the rectangular loop relative to the

coordinate axes shown above on the right?

GO ON TO THE NEXT PAGE

75



1997 PHYSICSC —E & M 76

(c) Show that the total magnetic flux ¢, through the rectangular loop is Egzg m(s + w)
_ s

: |
w Top . x

View z
(Positive z
out of page)

— Uy —»]
y

Tabletop

The rectangular loop is now moved along the tabletop directly away from the wire at a constant

ds

speed v =. Z | as shown above.

(d) What is the direction of the current induced in the loop? Briefly explain your reasoning.

(e) What is the direction of the net magnetic force exerted by the wire on the moving loop relative
to the coordinate axes shown above on the right? Briefly explain your reasoning.

(f) Determine the current induced in the loop. Express your answer in terms of the given quantities
and fundamental constants.

STOP

END OF SECTION II, ELECTRICITY AND MAGNETISM
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E&M. 3.

A conducting bar of mass m is placed on two long conducting rails a distance £ apart. The rails are inclined at
an angle 6 with respect to the horizontal, as shown above, and the bar is able to slide on the rails with negligible
friction. The bar and rails are in a uniform and constant magnetic field of magnitude B oriented perpendicular to
the incline. A resistor of resistance R connects the upper ends of the rails and completes the circuit as shown. The

bar is released from rest at the top of the incline. Express your answers to parts (a) through (d) in terms of m, €, 6,
B, R, and g.

(a) Determine the current in the circuit when the bar has reached a constant final speed.
(b) Determine the constant final speed of the bar.

(c) Determine the rate at which energ)" is being dissipated in the circuit when the bar has reached its - - —oe -
constant final speed. B

(d) Express the speed of the bar as a function of time ¢ from the time'it is releasedat + = 0. ___ . __ _ . __

(e) Suppose that the experiment is performed again, this time with a second identical resistor connecting the
rails at the bottom of the incline. Will this affect the final speed attained by the bar, and if so. how? Justify

your answer.

STOP

END OF SECTION 11, ELECTRICITY AND MAGNETISM
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E & M 3. The rectangular wire loop shown above has length ¢, width (b — a), and resistance R. It is placed in the
plane of the page near a long straight wire, also in the plane of the page. The long wire carries a time-
dependent current / = a (I — ft), where a and § are positive constants and ¢ is time.

(a) What is the direction of the magnetic field inside the loop due to the current [ in the long wire
at r =07
(b) Interms of a, b, ¢, a, B, and fundamental constants, determine the following.

i. An expression for the magnitude of the magnetic flux through the loop as a function of ¢
ii. The magnitude of the induced emf in the loop

(c) Show on the diagrams below the directions of the induced current in the loop for each of the following
cases.

1. Bt <1

i, Br > 1

(d) What is the direction of the net force, if any, on the loop due to the induced current at r = 07?

GO ON TO THE NEXT PAGE
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- E&M 2. Five resistors are connected as shown above to a 25-volt source

(a) Determine the current in the resistor labeled R.

A 10-microfarad capacitor is connected between points 4 and

of emf with zero internal resistance.

B. The currents in the circuit and the charge

on the capacitor soon reach constant values. Determine the constant value for each of the following.

(b) The current in the resistor R
(¢) The charge on the capacitor

The capacitor is now replaced by a 2.0-henry inductor with zero resistance. The currents in the circuit again
reach constant values. Determine the constant value for each of the following.

" (d) The current in the resistor R
(e) The current in the inductor

E&M 3. A long wire carries a current in the direction shown above. The
follows.

current [ varies linearly with time ¢ as

{=ct, where c is a positive constant

The long wire is in the same plane as a square loop of wire of side b, as shown in the diagram. The side of
the loop nearest the long wire is parallel to it and a distance a from it. The loop has a resistance R and is

fixed in space.

~_ {(2) Determine the magnetic field B at a distance r from the long' wire as a function of time.- - — - ——— - —-
(b) Indicate on the diagram the direction of the induced current in the loop. S

(c) Determine the induced current in the loop.

(d) State whether the magnetic force on the loop is toward or away from the wire. "

(e) Determine the magnitude of the magnetic force on the !

ap as a function of time.

END OF SECTION II, ELECTRICITY AND MAGNETISM

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON SECTION I, :
ELECTRICITY AND MAGNETISM, ONLY. DO NOT WORK ON ANY OTHER TEST MATERIALS., -

.
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E & M 2. A rectangular loop of copper wire of resistance R has width a and length 6. The loop is
stationary in a constant, uniform magnetic field By, directed into the page as shown above.

(a) 1. What is the net magnetic flux through the loop of wire?
ii. What is the induced emf in the loop of wire?
1ii. What is the net magnetic force on the loop of wire?

Suppose instead that the uniform magnetic field varies with time ¢ according to the relationship
B = By cos wt, where w and B, are positive constants and B is positive when the field is
directed into the page.

(b) Indicate on the diagram below the direction of the induced current in the loop when
wt = 7/2, after the magnetic field begins to oscillate.

(c) 1. Derive the expression for the magnitude of the induced current in the loop as a function
of time in terms of a, b, By. @, R, t, and fundamental constants.

ii. On the axes below, sketch a graph of the induced current I versus wt, taking clock-
wise current to be positive.

I
\

! 1 ! ! —1 » 0!

iii. State explicitly the maximum value of the current 7.

GO ON TO THE NEXT PAGE
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E&M 2. A square wire loop of resistance 6 ohms and side of length 0.3 meter lies in the plane of the page, as shown
above. The loop is in a magnetic field B that is directed out of the page. At time ¢ = 0, the field has a
strength of 2 teslas; it then decreases according to the equation B = 2e~ %, where B isin teslasand 1 is
in seconds.

(a) Determine an expression for the flux through the loop as a function of time ¢ for r > 0.
(b) On the diagram above, indicate the direction of the current induced in the loop for time 1 > 0.
(c) Determine an expression for the current induced in the loop for time ¢ > 0.

(d) Determine the total energy dissipated as heat during the time from zero to infinity.

GO ON TO THE NEXT PAGE
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E &M 2. In the circuit shown above, the battery has been connected for a long time so that the currents have steady .
values. Given these conditions, calculate each of the following. :

~ (b) The current in the 8-ohm resistor S .
(c) The potential difference across the 30-microfarad capacitor o

(d) The energy stored in the 30-microfarad capacitor ;

At some instant, the connection at point P fails, and the current in the 9-ohm resistor becomes zero.

(e) Calculate the total amount of energy dissipated in the 8-ohm resistor after the connection fails, -~

i_;iwshOWn in the lefthand figure above has radius r; and n_turns of wircy pet unit length;,

E & M 3. The long soleno ! C > o ] s
and it carries a current i. The magnetic field outﬁsxdgrthe solenoxfi is negligible. -~ — - oo o - - - -
- - (a) Apply Ampére’s law using the path -abcda. indicated in the c_r_;;_s_;eg@ shown in the righthand
figure above to derive an expression for t_h(c_mgggiﬁtgdﬁcﬁf the magnetic field B-near the center of
the solenoid. - e ——— ‘
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_Aloop of radms ry is then placcd at the ccntcr of thc solcnond so that thc planc of thc loop is perpendic-
" ular to the axis of the solenoid, as shown above. The current in the solenoid is decreased at a steady rate
" from i to zero in time ¢. In terms of the given quantities and fundamental constants, determine:

(b) The emf induced in the loop
{c) The magnitud? of the induced electric field at a point in the loop

The loop is now removed and another loop of radius r; is placed outside the solenoid, so that the plane
of the loop is perpendicular to the axis of the solenoid, as shown above. The current in the solenoid is
again decreased at a steady rate from i to zero in time ¢. In terms of the glven quantmes and funda-
mental constants, determine:

(d) The emfinduced in the loop

(¢) The magnitude of the induced electric field at a point in the loop

( ’ END OF SECTION II, ELECTRICITY AND MAGNETISM =~ . . Tl

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON SECTION I,
ELECTRICITY AND MAGNETISM, ONLY. DO NOT TURN TO ANY OTHER TEST MATERIALS.
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E & M 3. Two horizontal conducting rails are separated by a distance £ as shown above. The rails are connected
at one end by a resistor of resistance R. A conducting rod of mass m can slide without friction along the
rails. The rails and the rod have negligible resistance. A uniform magnetic field of magnitude B is
perpendicular to the plane of the rails as shown. The rod is given a push to the right and then allowed to
coast. At time /=0 (immediately after it is pushed) the rod has a speed v, to the right.

(a)
(b)

(c)
(d)

Indicate on the diagram above the direction of the induced current in the resistor.

In terms of the quantities given. determine the magnitude of the induced current in the resistor at
time 1 = 0.

Indicate on the diagram above the direction of the force on the rod.

In terms of the quantities given. determine the magnitude of the force acting on the rod at time 1 = 0.

If the rod is allowed to continue to coast, its speed as a function of time will be as follows.

(e)
(N

<B22"r >
v= e Rm
In terms of the quantities given, determine the power developed in the resistor as a function of time .

Show that the total energy produced in the resistor is equal to the initial kinetic energy of the bar.

END OF SECTION II, ELECTRICITY AND MAGNETISM

I[F YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON SECTION II,
ELECTRICITY AND MAGNETISM, ONLY. DO NOT WORK ON ANY OTHER TEST MATERIALS.
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Glider

E & M 3. The long, narrow rectangular loop of wire shown above has vertical height H, length D, and
resistance R. The loop is mounted on an insulated stand attached to a glider, which moves on a fric-
tionless horizontal air track with an initial speed of v, to the right. The loop and glider have a com-
bined mass m. The loop enters a long, narrow region of uniform magnetic field B directed out of
the page toward the reader. Express your answers to the parts below in terms of B, D, H, R, m,
and vg.

(a) What is the magnitude of the initial induced emf in the loop as the front end of the loop begins
to enter the region containing the field?

(b) What is the magnitude of the initial induced current in the loop?

(c¢) State whether the initial induced current in the loop is clockwise or counterclockwise around the
loop.

GO ON TO THE NEXT PAGE
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(d) Derive an expression for the velocity of the glider as a function of time ¢ for the interval after

the front edge of the loop has entered the magnetic field but before the rear edge has entered the
field. '

(e) Using the axes below, sketch qualitatively a graph of speed v versus time ¢ for the glider.
The front end of the loop enters the field at ¢z = 0. At ¢, the back end has entered and the loop
is completely inside the field. At 7, the loop begins to come out of the field. At ¢; it is com-
pletely out of the field. Continue the graph until z,, a short time after the loop is completely
out of the field. These times may not be shown to scale on the t-axis below.
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GO ON TO THE NEXT PAGE
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Axis of
Solenoid

E & M 3. According to Farasay’s law, the induced emf € due to a changing magnetic flux ¢,, is given by
E=¢E-d0= —T:n, where E is the (induced) electric field and d £ is a line element along the
closed path of integration. A long, ideal solenoid of radius a is shown above. The magnitude of the
spatially uniform magnetic field inside this solenoid (due to the current in the solenoid) is increasing
at a steady rate dB/dt. Assume that the magnetic field outside the solenoid is zero.

(a) For r < a, where r is the distance from the axis of the solenoid, find an expression for the
magnitude E of the induced electric field in terms of r and dB/d: .

(b) The figure below shows a cross section of the solenoid, with the magnetic field pointing out of
the page. The electric field induced by the increasing magnetic field lies in the plane of the page.

On the figure, indicate the direction of the induced electric field at the three labeled points, Py,
P,, and P;. .

GO ON TO THE NEXT PAGE
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(c) For r > a, derive an expression for the magnitude E of the induced electric field in terms
of r, a, and dBld: .

{(d) On the axes below, sketch a graph of E versus r for 0 £ r < 3a.

[ Y S
[\
0
[¥3]
N

GO ON TO THE NEXT PAGE
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- Note: Figure not drawn to scale.

One of the space shuttle missions attempted to perform an experiment in orbit using a tethered satellite.
The satellite was to be released and allowed to rise to a height of 20 kilometers above the shuttle. The
tether was a 20-kilometer copper-core wire, thin and light, but extremely strong. The shuttle was in an
orbit with speed 7,600 meters per second, which carried it through a region where the magnetic field of
the Earth had a magnitude of 3.3 x 107 tesla. For your calculations, assume that the experiment was
completed successfully, that the wire is perpendicular to the magnetic field, and that the field is uniform.

(a) An emf is generated in the tether.
i. Which end of the tether is negative?
ii. Calculate the magnitude of the emf generated.

To complete the circuit, electrons are sprayed from the object at the negative end of the tether into the
ionosphere and other electrons come from the ionosphere to the object at.the positive end.

(b) If the resistance of the entire circuit is about 10,000 ohms, calculate the current that flows in the
tether. )

(c) A magnetic force acts on the wire as soon as the current begins to flow.
i. Calculate the magnitude of the force.
ii. State the direction of the force.

(d) By how much would the shuttle’s orbital energy change if the current remains constant at the
value calculated in (b) for a period of 7 days in orbit?

(e) Imagine that the astronauts forced a current to flow the other way. What effect would that have, if
any, on the orbit of the shuttle? Explain briefly.

GO ON TO THE NEXT PAGE
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E&M 3. A spatially uniform magnetic field B, perpendicular to the plane of the page, exists in a circular region of
radius R = 0.75 meter as shown above. A single wire loop of radius r = 0.5 meter is placed concentrically in
the magnetic field and in the plane of the page. The magnetic field increases into the page at a constant rate
of 60 teslas per second.

(a) Determine the induced emf in the loop.

(b) Determine the magnitude and direction of the induced electric field at point P and indicate its
direction on the diagram above,

The wire loop is replaced by an evacuated doughnut-shaped glass tube, within which a single electron orbits
at a constant radius r = 0.5 meter when the spatially uniform magnetic field is constant at 10~ tesla.

(c) Determine the speed of the electron in this orbit.

(d) The magnetic field is now made to increase at a constant rate of 60 teslas per second as in parts (a)
and (b) above. Determine the tangential acceleration of the electron at the instant the field begins to
increase. :

! END OF SECTION II, ELECTRICITY AND MAGNETISM

~ d?

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON SECTION 1],
ELECTRICITY AND MAGNETISM, ONLY. DO NOT WORK ON ANY OTHER TEST MATERIALS.
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A oND

THHE [FOLLOKW/ NG,
4) V,e, V. 4o d’i/dz‘ A7 THE Momenr T =o

AT WHICH THE EA7‘7‘€/€-7 /S REMNVED. / sov, 5'0;5 25‘.4/5)

T 24

é) THE 7074 é‘A/é‘,e&j /A//?‘/A4/.7 STORED N THE
MAGNET/IC Fr&D pF 7HE /NDYCTOR, / /00 Jovies )
c) (, Ve, i aws At aT €=, /secons.

(7,79 AMPS 37v, 37v, /9. 47 AMPS/SEc)

A) rwe rome Fop ¢, Vo amnn Y, 70 bpscreass ro

( '/e)ﬁ‘ OF J7S JN/7/4r V42U E, (¥ sec)
e) di jot ar t =, ¥ sscomns, &/ ZMPs/ggc)
70) THE TOTAC ENERGY DISS/PATED BY THE RES/SToR. 4 /00:)
6. e /\/_\7\;‘" d%‘t Vo = 360 v
) R -
v — LISR, 2 / R, = /20N

Ro=2%n. (=/34
&) FoNp L, , Ly AND AC /At ForR THE FoLlow/Ng :
5) AT THE JNSTANT THE SWITCY /s CLOSED.

[’:) INFIAN I TFEL V LoN6 AFTERC THE SW/7CH /S CLOSED.
iif) AT THE INSTANT THE Swrrcs /S REOPENE D,
,o) FND A FORMULA Fof TxE CURRENT /N THE
INDHCTOR AS A FyNC TN OF TME For :

5)AF‘TE& THE SW/7cH /8 /A//r/ALa/ CeoseEDd,

it )AF TEL THE Sw/7ct S REDPEANED,

} - 2¢¢7g) -4t )

(3,0 20 3,/5,0; ss, /5, 720; ss(1-€  7); sse



7. Oscrecarrons.” LNITIALLY, THE CAPAC/TOR 93
HOLDS CHARGE (o = 5 COULOMBS. WHILE THE
JNDUCTOR CONTA/NS NO MAENET/IC F/ELD.

o= yxp e
a L .
{ % L= 0625 ¥

_) For THE INs7/AL CONDITroNS, Fown Ve, V., RE._

PE ,, AND Ai/AZ. (72500, 72500, 371250, 0, 26 )
L) For THE ENSUNE OSCILiATIONS, F/AD W, L
any T (200sec™) 3/.83 42, 034 sec)

C) Fowd THE T/IME REQUIRED 70 NEUTRALIZE THE
CAPAcIToR . (.00785 s&c )

a() Ue 7€ A FORMULA FoR - g SN THE CAPAC/TZ?E}
SV JV.] anp THE CURRENT N Tws conf

ANSWEeS: Scos 20T, /2500 cos 2008, 7, /200 s/ [200F)

/7

g DAMP/N&-/ | C= 59172 X/o‘y,c‘
._LCMAE %L L = JO A
—

Aa) Fwp B so 747 THE C)RcuIT /S CRITICALLY
DAMPED. (260.0.) |
b) Wiru 74 &/VEN vaLyss o C ANA Z/ wWwe P/ck
R = /001 so As To OBRSERVE DECAY/NE OSCILLATIDNS,
We sTART W/7H Qp =.,63246 ¢ ann B =0. Foan:
l) W, L any T e Tyes E/M  psSciic ATIoNsS,
Li) Y, THE PECAY CON STANT.
(L) THE NYMBER £F OSCILCATIoNS MADE Ry THE
Cméurr UNT/IL ? EpuAts /’/ej-H\ OF Qo.

LV) THE ToTAL ENEREY DISSIPATED BY THE RES/STOR,

/IZ- SG'C‘i /. 9/ Hz, ,523¢ S&¢, ,2s€¢, 382 cycus, 338 :r)



