Solutions to Test II--E&M

TIPLE CHOICE SOL NS--E
TESTII

1.) A 50 turn coil whose face area is .5 square meters and whose resistance is R
= 10 Q faces a uniform B-field coming out of the page that changes at a rate of -.4
teslas per second. At¢ =0, the magnetic field intensity is .25 teslas. The
magnitude of the current induced in the coil will be:

a.) 1 amp. [The induced EMF ¢ in the coil is related to the current i and
the resistance R by £ = iR. We know the resistance. We need the induced
EMF. To get that, we use Faraday's Law. Noting that the angle between the B-
field and the coil's area vector is zero (the two are both out of the page), we can write:
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Dividing the EMF by R yields (10 volts)/(10 £) = 1 amp. This response is true.]
b.) 2 amps. [Nope.]
c.) 4 amps. [Nope.]
d.) None of the above. [Nope.]

2.) IfR 1 is doubled:
a.) The power dissipated by R2 will decrease. [Power is

defined as work per unit time. In the case of an electrical device,

P = i?R (this is usually used when dealing with the power Vs R,
dissipated by a resistor), P = iV (this is usually used when
dealing with the power provided to a system by a battery or power

supply), and P = V2R (this is rarely used except when multiple
choice test designers are trying to confuse students with rarely
used formulas). When dealing with a resistor, the current

determines how the power function will act. Why? The current is squared in the power

relationship. If you halve the resistance of a resistor and its current doubles, i’R suggests that
the power dissipated by the resistor will double (try the math if you don't believe me). In this
case, doubling R 1 will do nothing to R, (R‘2 ‘s voltage hasn't changed so its current remains the

same, and the power dissipated by R, will not change. This response is false.]



b.) The power dissipated byR1 will halve. [Assume the initial power was i°R I When
R 1 doubles, the current through R 1 halves. The power dissipated by R 1 becomes (i/2)2(2R 1) =

(. 1/2)1'2R 7 Evidently, the power halves and this response is true.]
c.) The power dissipated by R 1 will quarter. [Nope.]
d.) The power dissipated by R 1 will stay the same. [Nope.]
e.) None of the above. [Nope.]

B-field

3.) A current-carrying wire is placed in a varying magnetic field as shown.

Assuming gravity is zero and the wire is free to move as it will:

a.) The wire will accelerate to the right and spin clockwise relative to
the plane of the paper. [Using F = iLxB at the lower end of the wire, the
direction of the magnetic force will be into the page. As the current in the
upper part of the wire is in the same direction, it will also produce a force into
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the page. With the net force into the page, the wire will accelerate in that
direction and this response is false.]

b.) The wire will accelerate into the page and spin so that its top rotates info the page. [This
response has the correct direction for the force, but does it have the correct response for rotation? As
for that, the magnitude of the force at the upper end of the wire will be greater than the magnitude of
the force at the lower end (the field is greater at the top than at the bottom). That means that relative
to the wire's center of mass, the torque produced by the force at the upper end will be greater than the
torque produced by the force at the lower end. The net effect will be a rotation of the wire with its top
directed into the page. As such, this response is true.]

¢.) The wire will accelerate out of the page and spin so that its top rotates out of the page.
[Nope.]

d.) None of the above. [Nope.]

a
4.) Two equal charges ¢ 1 and a, (they have been labeled differently for identification 22

purposes) are placed as shown in the vicinity of a third charge @. We know that the force \Z
magnitude q 7 applies to @ is FI’ and the force magnitude q applies to @ is FZ‘ The ratio

of F 1 to F2 is:
a.) 1to 2. [Coulomb's Law states that the magnitude of the force a point charge

9,

Q
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feels due to the presence of a second point charge is equal to ﬁ% From this, if the
L P

distance between two charges is doubled, the force diminishes by a factor of 4. Because g 1's
distance to @ is twice that of a9 s, FI will be one-quarter of F2 and the ratio of F1/F2 =(1/49)/1 =

1/4. This response is false.]
b.) 2to 1. [This won't do.]
c.) 1to 4. [Thisis the one.]

d.) 4 to 1. [Thisis tricky. If you write out the force equation

oy Q’:_# for each charge

combination, you will find that F 1/F2 =1/4, not F1/F2 = 4/1. This response is false.]
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5.) A point charge @ is placed at the origin of a coordinate system, and a
Gaussian surface is placed around the charge as shown in skeich A. A A e
second, identical situation is set up with the exception that the Gaussian .
surface is positioned as shown in sketch B. “1"%_ Gaussian
a.) The electric flux through the two surfaces will be different. B "2 . surface
[According to Gauss's Law, the total electric flux is related solely to the ;
amount of charge enclosed inside the Gaussian surface. As the charge ! d i
enclosed is the same in both cases, the net electric flux will be the same in .
both cases. This response is false.] R =
b.) The electric flux through the surface in sketch A will equal @/¢,,
and the magnitude of the electric field along the x axis in sketch A will be

Q

E= 7 5. [According to Gauss's Law, the electric flux (i.e., the left side of Gauss's
RELX

equation) will, indeed, equal @/¢,. As the electric field will be that of a point charge, the

Q
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electric field down the axis will also be E = . This response is true. Are there other true

2

responses?]
c.) The electric flux through the surface in sketch A will be @/¢,, and the magnitude of

Q

the electric field along the x axis in sketch B will be E = . 5. [Just because the Gaussian
TELX

surface is off center doesn't mean that the net electric flux through its surface isn't going to

equal Q/¢,, as Gauss's Law maintains. And even though the field intensity value will be

different at different points on the off-set Gaussian surface, the electric field down the x axis is

Q

g, %2

still going to be that of a point charge, or E =

d.) All of the above. [Nope.]
e.) Only b and ¢ are true. [This is the one.]
f.) None of the above. [Nope.]

. This response is true.]

6.) The inductance of the inductor in the circuit shown is 10 mH and its

resistor-like resistance is 15 Q. The load resistor is R = 1000 L. At 200

cycles/second, the inductive reactance of the circuit is: R
a.) 12.6 Q. [The circuit's inductive reactance is X 7= 2nvL =

(2m)(200 Hz)(. 10x10°° H) = 12.56 Q. This response is true.] @—
b.) .08 Q. [If you inverted the answer, you got this incorrect g
response.] Vi(t) = V,, sin (2nv t)

c.) .008 Q. [Nope.]
d.) None of the above. [Nope.]

20Q

7.) Consider the circuit shown. —/ VW —

a.) The unknown resistor R = 25 £ and the voltage V = -
80 volts. [DON'T BE LED BY THE NOSE. Just because R is 1o~ 4 amipe
the first thing asked about doesn't mean that determining it Vv — 100 Q R
will be the easiest part of the problem. In fact, finding the
voltage V is definitely easier. What's more, this problem is
more easily done by the seat of your pants than by using i,=3.2 amps




Kirchoff's Laws. Starting with the voltage, all you need to notice is that the voltage drops
across the 20 Q and 100 Q resistors have to add to the voltage across the battery. Using that
information, we can write V = (20 )(4 amps) + (100 £2(3.2 amps) = 400 volts. From that
information alone, this response is false.]

b.) The unknown resistor R = 400 £ and the voltage V = 200 volts. [Once again, the
voltage is wrong and this response is false. Notice that by observing this, you have eliminated
two of the possible four responses. Even if you didn't have time to do the problem completely,
this would considerably increase your chances should you try to guess.]

¢.) The unknown resistor R = 400 &, and the voltage V = 400 volts. [We have the right
voltage, so now we have to determine R. Let's assume you were hoodwinked into dealing with
the unknown resistance first (i.e., assume you don't know V for this part). How would you
determine R? The current through R is (4 amps) - (3.2 amps) = .8 amps. The voltage across the
100 Q resistor and R have to be the same, so you could write (100 £)(3.2 amps) = (.8 amps)R.
Solving yields R = 400 Q. "This response is true.]

d.) None of the above. [Nope.]

axis of

8.) A spinning coil whose axis is in the +j direction sits in a B-field that mstatmn
comes out of the page. The coil's rotation is such that at ¢ = 0, it is in the B-field ® @
plane of the page with its left side moving out of the page. ®/6

a.) The flux change is a maximum at ¢ = 0, and the induced
current's direction is clockwise. [If you spin a coil, you will find that att=0, ®
there is very little effective area change, relative to the magnetic field, Eggzesf%f’l’tde ®
as the coil rotates through the position alluded to in this response. In of page ® &
fact, dj;" att = 01is zero. As this is the case, this response is false.]

b.) The flux change is a maximum at ¢ = 0, and the induced current's direction is
counterclockwise. [From above, this response is false.]

c.) The flux change is zero at £ = 0, and the induced current's direction just an instant
after ¢ = 0 is clockwise. [As stated above, the flux change at the instant mentioned is zero, so the
first part of this response is true. As for the second part, the fact that the flux is decreasing with
time just after ¢ = 0 means that the induced magnetic field will be with the external field out of
the page. The induced current that will set up such a magnetic field through the coil's face is in
the counterclockwise direction. This response is false.]

d.) The flux change is zero at # = 0, and the induced current's direction just after £ = 0 is
counterclockwise. [This is the one.]

20Q
9.) Att =0, the switch is closed. If the capacitors are —/\V WA

initially uncharged, what is the initial current through R?
a.) 5 amps. [This is a particularly sneaky prob-
— 12 pf %R =30Q

lem, especially given the fact that there is no hint as to the 100 v—— el
correct answer in the selections offered. When the switch
is closed, there will be no voltage across the capacitor (it is
uncharged). As the capacitor is in parallel with the 30 Q
resistor, there will be no initial voltage across that resis-
tor, either. As such, the initial current through that resis- —
tor will be zero. Looking at it in a little more qualitative
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way: If the capacitor initially acts like a short, through which path would you expect current to
take, through the short or through a resistor? The short will take it every time, and this re-
sponse is false.]

b.) 2 amps. [Nope.]

¢.) 1amp. [Nope.]

d.) None of the above. [This is the one.]

v ! region I

S field only)
10.) A negative charge moves with known velocity magnitude v
into region I in which exists an unknown B-field. It accelerates
as shown in the sketch, then enters region II in which there
exists not only B but also an unknown electric field E.

a.) The direction of the B-field is toward the bottom of the
page, and as there is no need for the presence of an electric field rerion II
to keep the charge moving in the direction shown in region II, E thB&E)
= 0. [There clearly is an initial downward force on the charge
as it enters region I, but magnetic forces do not orient
themselves in the direction of magnetic fields. The direction of
a magnetic force will be PERPENDICULAR to both the direction of B and the direction of v. In
short, if B had been directed toward the bottom of the page, the force quxB would have pushed the
charge into the page. This response is false.]

b.) The direction of the B-field is into the page, and the direction of the E-field is to the
left. [Use the cross product associated with guxB backwards to determine the direction of B. Do
this on the assumption that q is positive (it is easiest to do the problem for a positive charge, then
simply reverse the direction of B to accommodate for the fact that it is really a negative charge
you are dealing with). That is, run your
flattened right hand in the direction of the

initial v, then orient your thumb hitch hiker . @ fingers will curl out
style in the direction of the required force (in flattened right hand of the page--this is
this case, downward). The direction in which in this direction g{‘e m;;iugggf the
your curled fingers end up is the direction of the F FEE

magnetic field. The direction that satisfies this

criterion for this problem is out of the page, but hitch hiker thumb

that assumes a positive charge. For a negative in this direction

charge, the magnetic field direction must be into
the page and the first part of this response is true. What about the second part? With a B-field
directed into the page, a negative charge moving downward in the vertical will feel a magnetic
force oriented to the left (doing the cross product using quxB produces a force on a positive
charge to the right--reverse that to get the direction for a negative charge). If a positive charge
felt a force to the left, and if you wanted an electric field to counteract that force, the direction of
that field would have to be to the right. As the real charge in this problem is negative, the
direction of the electric field we need must be opposite that direction, or to the left. This
response is true.]

¢.) The direction of the B-field is into the page, and the direction of the E-field is to the
right. [Nope.]

d.) The direction of the B-field is out of the page, and the direction of the E-field is to the
left. [Nope.]

e.) The direction of the B-field is out of the page, and the direction of the E-field is to the
right. [Nope.]

f.) None of the above. [Nope.]



11.) The capacitance of the capacitor in the circuit shown is C = 10 yf . The | I
load resistor is B = 100 Q. The frequency of the source is 80 cycles/second.
The approximate impedance of the circuit is:

a.) 100 Q. [In its most general form, the impedance expression is Z

= .JRM,‘? +(X; -X¢ )“2 ohms, where X = 2nvL ohms (the inductance L has

(")
: 1 . %
to be in henrys, not mH, etc.) and X - = r ohms (the capacitance C has to V(t) =V, sin (219 1)

be in farads, not mf or pf, ete.). In this problem there is no inductance. As
such, the impedance expression becomes

1 )2 2 f 1 ) .

R,.> (L) - 100 Q)° + =223Q. R false.

J net 1 GG S \1( )" | 22080 h2)(10210~ henrys) | esponse 1s false.]
b.) 220 Q. [This is the one.]

c.) 300 Q. [Nope.]
d.) None of the above. [Nope.]

12,) A .25 kg mass has a 2 coulomb charge on it. It is placed at Point A in an electric field and
released from rest, freely accelerating over a .4 meter distance to Point B where its velocity is
observed to be 8 m/s. The electrical potential of B is 40 volts.

a.) The electrical potential at A is 44 volts. [The easiest way to do this problem is to use the

conservation of energy. The initial kinetic energy is zero (it starts from rest), the initial

potential energy is gV, , no extra work is done between A and B, the final kinetic energy is Smv? 5

and the final potential energy is qVp. Putting it all together, we get: gV, = Smu® + qVp,orV, =

F 1/q][.5mv2 +qVg J=[1/(2 coul)J[.5(.25 kg)(8 mils) + (2 coul)(40 volts)] = 44 volts. This response is

true.]

b.) The electrical potential at A is 36 volts. [If you ignored the fact that the mass has
kinetic energy at B, you got this incorrect response.]

c.) The electrical potential at A is 40.5 volts. [If you didn't square the velocity term in the
conservation of energy expression, you got this incorrect response.]

d.) None of the above. [Nope.]

13.) Charge A is placed at the origin and charge B is placed a distance ¢
units down the +x axis. Data is taken between the charges and a plot of
the subsequent electric field E as a function of position x is graphed.

a.) Both charges are positive, and charge A is larger in
magnitude. [If both charges are positive, there will be a point between
the two where the electric field is zero. As thatisn't the case, this
response is false.]

b.) Charge A is positive while charge B is negative, and charge
A is larger in magnitude. [If charge A is positive, the electric field
close to the origin will be in the positive direction. As this graph is
solely in the negative region, this response is false.]

c.) Charge A is negative while charge B is positive, and charge B is larger in
magnitude. [With charge A negative, the electric field close to the origin will be in the

570
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negative direction, which is the case with our graph. With charge B positive, the field close to it
will be in the -x direction (repulsion on an object that is to the left of a field producing positive
charge will push a positive test charge to the left, or in the -x direction). In short, we have the

right combination as far as the charge sign goes. As to the question of which is larger: As we

move from the origin in the +x direction, the electric field due to charge A will decrease as 11
until charge B’s field contribution offsets the decrease. When that happens, the field
magnitude will begin to get larger in a negative sense (i.e., the field values will move farther
and farther away from zero). If charge A is the larger of the two charges, its field will range
considerably beyond the halfway point before charge B’s contribution will make much
difference. In fact, our graph shows a difference before the halfway point, so charge B must be

larger than charge A. This response is true.]

d.) Charge A is negative while charge B is positive, and charge B is smaller in

magnitude. [Nope.]
e.) None of the above. [Nope.]

14.) A solid sphere has a volume charge density of kr4, where % is a constant with appropriate

units. If the sphere's radius is a:

a.) The electric field is smaller at a/2 than it is at a, and it is smaller at a than it is at
2a. [This particular volume charge density function increases as 2, Furthermore, the volume
of an expanding Gaussian sphere increases as r3. So even though the electric field of a point

charge drops off as 1 , the farther we get from the center of this system, the proportionally
greater the charge enclosed becomes. As such, the field at a should be larger than at a/2 (i.e.,
the first part of this selection is correct). As for outside the sphere, a Gaussian surface will
include all of the charge inside the sphere for radius a and radius 2a. With the same charge
enclosed, the electric flux through each surface will be the same, but because the surface area of
the Gaussian surface evaluated at r = a is smaller than its counterpart at r = 2a, the field at r=a

must be larger. This response is false.]

b.) The electric field is smaller at a/2 than it is at a, and it is greater at a than it is at 2a.

[From above, this response is true.]

c.) The electric field is greater at a/2 than it is at @, and it is smaller at a than it is at 2a.

[This response is false.]

d.) The electric field is greater at a/2 than it is at a, and it is greater at a than it is at 2a.

[This response is false.]

15.) A 5 nf capacitor (call it C) is charged by a 50 volt power supply and
then isolated. A 10 nf capacitor (call it 2C) is charged by a 100 volt power
supply and then isolated. The two capacitors are then connected as
shown. Att =0, the switch is closed. After a long period of time, the
voltage across the 5 nf capacitor will be:

a.) 83.4 volts. [When the switch is closed, the charge in the
system will redistribute itself until the voltage across each capacitor is
the same (that means that if we can determine the voltage across either

-

+

— Snf

|||+

— 10 nf

capacitor, we will have answered our question). Knowing this voltage relationship, we can
write V=@ me/C = anew/(ZC), or 2Q Laew™ Qz,new' The total charge in the system will be

the sum of the charge on each positive plate before the plates are connected (once connected,
where is the charge going to go but inside the system?). That means @ votold = @1o1d T @201d =
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CV, +(200V, = (52107 p(50 v) + (10x10°° p(100 v) = 1.25x10°6 coulombs. That total charge will
redistribute itself in a ratio of 1:2 (2Q ™ Q2,Mw means there is twice the charge on szw

. ’ . ; 2 _ _6
than on @ Horent hence the 1:2 ratio . . . versus 2:1). Using that ratio, we get @ i iy ™ 417x10
coulombs and Q2 i .833:::10'6 coulombs. With that information, the voltage across the 5 nf

capacitor will be V=@ 1 new/C = (417x10°¢ coulombs)/(6x1 0 P = 83.4volts. This response is

true.]
b.) 75 volts. [Nope.]
c.) 66.6 volts. [Nope.]
d.) None of the above. [Nope.]

axis of
yyiie 5 . . rotation
16.) A coil is rotated in a fixed B-field that is oriented into the page. The i

angular position of the coil at ¢ = 0 is shown to the right with the coil's left
side moving into the page. In the position shown:

a.) The induced current in the coil will be in the ;
counterclockwise direction, relative to the sketch, and the current will be at ¢ =0, the

B-field ®

increasing. [The change of flux at ¢ = 0 is zero, so there will be no lit;tnSi(ii:tE ®
induced current in the circuit at that point in time. This response is tghe Eage ®

false.]

b.) The induced current in the coil just after ¢ = 0 will be in the
clockwise direction, relative to the sketch, and the current will be decreasing. [Just after ¢ = 0,
the flux will be decreasing. The induced current will set itself up so as to produce an induced
magnetic field through the coil that is in the direction of the external field. The current
direction that will effect that situation will be clockwise. This part of this response is true.
Moving on, since the current was zero and is now non-zero, the current must be increasing
and this response is false.]

c.) The induced current in the coil just after ¢ = 0 will be in the counterclockwise
direction, relative to the sketch, and the current will be decreasing. [Wrong induced current
direction. This response is false.]

d.) The induced current in the coil just after ¢ = 0 will be in the clockwise direction,
relative to the sketch, and the current will be increasing. [From above, this
response is true.]

17.) Equal positive charges are placed at Points A, B, C, and D in the E-field D
shown. When released, which charge will probably travel the farthest in 10 B B -~
seconds? ————k s =
a.) The charge at Point A. [This is a little tricky. The positive
electric field lines >

charge will accelerate in the general direction of the field lines in its

vicinity (the direction of each electric field line is defined as the direction a

positive charges will accelerate if placed in the field on the line). The fact that Point C is
directly on a line means nothing (it is the distance between lines that denotes field strength).
The positive charge put at Point B will start out in the largest electric field (the lines are closest
there), but as it accelerates to the right and upward, it will quickly find itself in an ever
diminishing field. The charge placed at Point A will be in a field that is not quite as strong as
at Point B, but as the charge accelerates to the right the field remains fairly constant and
moderately large. The charge at Point C will be in almost the same situation as the charge at
A, but it will start out in a little smaller field and, over time, will have experienced a lesser
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acceleration. As the time interval is relatively large, and given the diminishing field the
charge at Point B will experience, the charge at Point A will travel the farthest. In short, this
response is true.]

b.) The charge at Point B. [Nope.]

c¢.) The charge at Point C. [Nope.]

d.) The charge at Point D. [Nope.]

18.) A wire's radius is doubled. With that change, the power dissipated by a given length will:
a.) Quarter. [Current is essentially a measure of charge flow (i.e., the amount of
charge that passes by a particular point per unit time). When the radius of a wire is doubled, its

cross sectional area goes up by a factor of (2)2 = 4 (the area of a circle is ). That being the
case, one would expect that the current would go up by a factor of four, and this response is
false.]

b.) Halve. [Nope.]

c.) Double. [Nope.]

d.) Quadruple. [This is the one.]

e.) None of the above. [Nope.] wire A }ﬁ wire C
19.) Two current-carrying wires are oriented perpendicular to the p(ggﬁgelisggﬂf il 5

page. Their current magnitudes and directions are unknown. The net
magnetic field just below the center point of a line passing between the
charges is shown in the sketch.
a.) Wire A’s current must be into the page with wire C’s current . .
being out of the page, and A’s current magnitude must be larger than C's. wire A wire C
[This is another example of a problem in which you simply have to diddle O """""""" @
around with various combinations of the right thumb rule until you get a
current combination that yields a net magnetic field in the desired
direction. The auxiliary sketch shows the correct configuration. Note that
the current in A must be larger than the current in C. This response is
false.]
b.) Both wires A and C must have currents out of the page, and A's current magnitude
must be larger than C’s. [This is the one.]
c.) Wire A's current must be out of the page with wire C’s current being into the page,
and A’s current magnitude must be smaller than C’s. [Nope.]
d.) Both wire A’s current and C's current must be into the page, and A’s current
magnitude must be smaller than C's. [Nope.]

20.) The thin-shelled, egg-shaped conductor has a total charge @ Al
placed on it. If points B and C are inside the shell's surface:

a.) The electric potential at B is greater than at C, and the
electric field at A is greater than at D. [Because the electric field
inside a conductor is zero, the electrical potential inside and on the
surface of a conductor is a constant. That means that even though the egg's curvature is
different close to Point B and Point C, the voltage will be the same nevertheless. On the first
count, therefore, this statement is false.]

b.) The electric potential at B is the same as at C, and the electric field at A is greater than
at D. [The first statement is true, given what has been said above. As for the second part: Due to
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shielding, the electric field will be greatest where the curvature is greatest. As such, the electric
field at Point A will be greater than the electric field at Point D, and this statement is true. Note
that this isn't inconsistent with the voltage being the same over the shell's surface. The electric
field is related to the rate of change of the voltage. The voltage value will be the same at every
point on the conductor's surface, but its rate of change will differ at different points as one
proceeds out from the conductor.]

c.) The electric potential at B is greater than at C, and the electric field at A is the same
as at D. [Nope.]

d.) The electric potential at B is smaller than at C, and the electric field at A is smaller
than at D. [Nope.]

21.) A long, hollow cylinder of inside radius @ and outside A
radius 2a has a thin wire with a linear charge density A4 e
running down its central axis. Additionally, for every \
meter of length, a negative charge -@ is uniformly sprinkled
throughout the volume between ¢ and 2a. It is observed that at
(5/4)a, the electric field is zero. The linear charge density 4
must equal:

a.) Approximately .188Q coulombs per unit length.
[There is an easy way and a hard way to do this problem. First, the easy way. We know that
for the electric field to be zero
at5a/4,q, ;.o inside the

enciose

total of -@ within

Gaussian surface of radius dV = (surface area)(thickness)
5a/4 must be zero. Let's = E(Zcir'):(tin)aé'erence)(length)][thickneSS]
= TC C

assume we have a one meter
Gaussian cylinder whose
radius is 5a/4. The charge
enclosed due to the wire will be
A(1 meter) = A. The charge
enclosed due to the cylinder

cylindrical

will equal the product of the de Gau;gian
charge per unit length -@ suriace
along the cylinder times one ) of length L
meter times the fraction of wire dq = pdv

cylinder's volume between a = (ke)[(2mcL)dc]

and 5a/4. As that volume is 2a
n(5a/4)°(1 meter)— m”(1 meter) NI?EE:hThe hoclllow‘s-élradius sgou‘lf'lhbe 'l;a" .
2 D while the outside radius is "2a". The sketc
#(2a7"(1 meter)—mg (1 meter) is NOT to scale to afford you a better look
that charge becomes (-3Q/16). at the Gaussian cylinder, etc.

For Qe t0 equal zero, the

magnitude of that charge enclosed value must equal A. The alternate way of doing this is to
use Gauss's Law. To start, we need the volume charge density function for the cylinder. The
normal way to do this is to divide the charge by the volume enclosing the charge. We know that
one meter of cylinder has -@ worth of charge in it (i.e., the charge/length is -Q
coulombs/meter). Multiplying that by the inverse of the area of the end piece of the cylinder in

which the charge resides yields a charge per unit volume of -Q/(m(2a)%-ma2) = Q/37a®L. With
that, Gauss's Law yields:
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IE-dS _ Yenclosed
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(2rrL)e,
A+ (ﬁ)r (c)de
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2ne r
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_ 3a
= E= .
2ne,r

Evaluating this at r = 5a/4, we get:

2ne T
-Q Y (5a 3
= 0=l+(-§a_'é-){(?) - 2]
3
= }»—EQ

As this is approximately .188Q, this response is true.]
b.) Approximately .212Q coulombs per unit length. [Nope.]
c.) Approximately .590Q coulombs per unit length. [Nope.]

d.) None of the above. [Nope.] /

P
22.) A dipole is placed in an electric field as shown. Over time, the dipole e =

will:
a.) Experience a constant acceleration of its center of mass toward the \

right and will experience a constant torque that motivates it to angularly

accelerate in a clockwise direction. [The electric field in this situation is getting smaller as
one moves to the right. That means that the force on the positive charge directed to the right
(i.e., in the direction of the electric field lines) will be smaller than the force on the negative
charge directed to the left. In other words, there will be a net force on the dipole that will
accelerate its center of mass to the left. That, in itself, makes this statement false. There will
also be a torque on the dipole that will vary in magnitude depending not only upon the angular
position of the dipole relative to the electric field (when the dipole is aligned with the electric
field, the torque will be zero--when the dipole is perpendicular to the electric field, the torque
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will be a maximum), but also relative to the actual forces applied (they will vary depending
upon where the dipole's ends are positioned at a particular instant). That torque will be in the
clockwise direction. Still, this response is false.]

b.) Experience no acceleration of its center of mass but will experience a varying
torque that motivates it to angularly accelerate in a clockwise direction. [Acceleration will be
experienced, so this response is false.]

c.) Experience a varying acceleration of its center of mass toward the left and will
experience a varying torque that motivates it to angularly accelerate in a clockwise direction.
[This is the one.]

d.) Experience no acceleration but will experience a varying torque that motivates it to
angularly accelerate in a counterclockwise direction. [An acceleration will be experienced,
so this response is false.]

e.) None of the above. [Nope.]

Lt
23.) Assume the inductor has no internal resistor-like resistance associated
with it. If the frequency is doubled in this circuit: R
a.) The resistive nature of the inductor will double, but the current
will not halve. [The resistive nature of an inductor is its inductive

reactance. That quantity is mathematically equal to 27vL. Doubling the /l;,\
frequency will double the inductive reactance which, in turn, means the -/
resistive nature of the inductor doubles. The first part of this response is true. ~ V(t) =V, sin (2rv t)
As for the second part, this is a little bit trickier. The current in the circuit is

governed by Ohm's Law. That is, VRMS = iRMSZ’ where Z is the circuit's

impedance at the frequency of operation. We have already established that the inductive
reactance doubles with a doubling of the frequency, but how does the circuit's net resistive
nature--its impedance--change? The impedance expression for an RL circuit is

\/Rmz + (2mvL )2 . Because it is governed not only by the frequency dependent inductive

reactance but also by the net resistance in the circuit, the impedance will increase when the
frequency is doubled . . . but not by a factor of a two. As the impedance change is not double, the
current will not halve and this response is true.]

b.) The resistive nature of the inductor will halve and the current will double. [Nope.]

¢.) The resistive nature of the inductor will double and the current will double. [If
nothing else, you wouldn't expect the resistive nature to go up and additionally have the current
go up. The two are at the opposite ends of the pole--big current means small resistance, and
vice versa. This response is false.]

d.) The resistive nature of the inductor will halve and the current will halve. [Nope.]

e.) None of the above. [Nope.]

enclosed B-field

24.) Two identical triangles are being pulled out of a bounded B-field. Ata @ """ ® """ ®
given instant, each is half in, half out. In both cases, an external force
magnitude FO is being exerted on the triangles as shown. A ® ® ®
a.) The accelerations of both will be the same, and the directions of the < l>
induced currents in both will be counterclockwise. [Nope.] F, ®v® R
b.) The acceleration of A will be greater than the acceleration of C, and o c
identical induced currents will exist in both circuits in the clockwise Fo\l/

direction. [The easiest part of this question is the determination of the direction
of the induced current, so we'll do that first. In this case, the magnetic flux is
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decreasing, so the induced magnetic field will move to fight that decrease by orienting itself in
the same direction as the external field. The induced coil current that will effect a magnetic
field through the coil in that direction will be clockwise. This response is false.]

c.) The acceleration of A will be less than the acceleration of C, and identical induced
currents will exist in both circuits in the clockwise direction. [This has the correct direction for the
induced current, so we now need to look at the other part of the question. Along with the external
force F, there will be an induced retarding force acting on each coil (that force will be generated

when the induced EMF created by the changing magnetic flux motivates an induced current in the
coil--that current will interact with the external B-field creating a force on the wire that opposes the
removal of the wire from the magnetic field). Due to their geometry, triangle A’s change of flux
will be smaller than triangle C’s (C will have the larger area change per unit time), so its induced
current will be smaller. Also, C has more wire in the magnetic field. Put all together, the force on
C will be greater than the force on A. We know that the triangle that experiences the greatest
retarding force will accelerate the least. That triangle is C. This response is false.]

d.) The acceleration of A will be greater than the acceleration of C, and identical
induced currents will exist in both circuits in the counterclockwise direction. [The direction of
the induced current will be clockwise, and the currents will not be the same. This response is
false.]

e.) The acceleration of A will be less than the acceleration of C, and identical induced
currents will exist in both circuits in the counterclockwise direction. [At the very least, the
acceleration of A will be greater than C. This response is false.]

f.) None of the above. [This is the one.]

25.) A parallel plate capacitor is charged completely, then isolated. The plate's area is then
doubled, and the distance between its plates is halved. Once all of the changes are made:

a.) The voltage across the plates will quadruple. [When a capacitor is charged, then
isolated, what cannot change is the charge on each plate (there is nowhere for the charge to go).
Keeping that in mind, we know that the capacitance for a parallel plate capacitor is ¢, % , and
we know that C = Q/V. Putting it all together, if the plate area doubles and the distance between
plates halves, the capacitance increases by a factor of four. The only way that this can happen,
given that the charge cannot change, is if the voltage changes by a factor of one-quarter. This
response is false.]

b.) The capacitance of the capacitor will quarter. [Nope.]

c.) The capacitance of the capacitor will halve. [Nope.]

d.) None of the above. [This is the one.]

26.) The 3 amp wire in the sketch feels a force due to the presence of the 2
-amp wire. The direction of that force will be: 3a
a.) Into the page. [At the 3 amp wire, the direction of the magnetic s
field produced by the 2 amp wire will be into the page (right thumb rule). b
Using iLxB, the direction of force on the upward moving 3 amp current due
to the 2 amp wire's magnetic field into the page will be to the left. This
response is false.] 2 |
b.) Out of the page. [Nope.]
c.) To the right. [Nope.] %l (,.10/21t)x104 Ié
d.) To the left. [This is the one.]
e.) None of the above. [Nope.]
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Point A
27.) Positive charge is uniformly distributed throughout a pointed rod <
made of insulating material. The rod is brought in close to an
electrically neutral conducting ball as shown. Both Point A and Point
B are very close to the ball.

a.) The net electric field at Point A will be to the right, and the electric field at Point B
will be to the left. [The presence of positive charge on the rod will motivate electrons in the
conductor to migrate to that side of the sphere. In close on that side, therefore, the electric field
will be generated by a negatively charged surface. As the electric field due to negative charge
is in toward the surface, the direction of the field will be to the right. On Point B's side of the
sphere, there will be a preponderance of positive charge left due to the electron migration
toward the other side of the ball. The electric field on that side will be that of a positively
charged surface. As positive charges create electric fields that leave a surface, the electric
field at B will be to the right. As such, this response is false.]

b.) The net electric field at Point A will be to the left, and the electric field at Point B
will be to the left. [Nope.]

c.) The net electric field at Point A will be to the right, and the electric field at Point B
will be to the right. [This is the one.]

d.) The net electric field at Point A will be to the left, and the electric field at Point B
will be to the right. [Nope.]

28.) Given the information shown in the circuit,
determine R.

a.) 20 Q. [This is deceptively easy if you
see the trick and use your head. Combine the _
series resistors in the left branch of the parallel V=100 v
combination (i.e., the 20 Q and 30 Q branch) and
re-draw the circuit. Due to the fact that the voltage
in each branch of the parallel combination must
be the same, and noticing that the center and left
branch each have the same equivalent resistance,
those branches must have the same current (2
amps each). We know that total current moving
through the parallel combination is 5 amps. With
a total of 4 amps passing through the two 50 Q
branches, we are left with 1 amp moving through
R’s branch. This is half of the current through
either of the 50 Q branches, so the resistance in R's
branch must be twice that of either of the 50 Q
branch, or 100 Q's total. The known resistor in 34 é 500 % 500

R’s branch is equal to 80 Q's, so R must equal 20 v=100v T %
R

Q's. This response is true.]
b.) 40 Q. [Nope.]
c.) 80 Q. [Nope.]
d.) None of the above. [Nope.]
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V (volts)
29.) An electrical potential field along the x-axis is defined by the graph 81
shown. The electric field at x = .2 meters is: 4
a.) (10) i newtons/coulomb. [The relationship between an electric
field and its associate electrical potential field is summarized in the o 4 6
relationship E =-VV. In a one-dimensional situation, the rate of change of X (meters)

the electrical potential function (its derivative) equals minus the electric
field function (if this were more than one dimension, you would have to use
the del operator and unit vectors). When dealing with a graph, the derivative of the graphed
function (V in this case) defines the slope of the function at any point. For our electrical
potential graph, the slope is a constant equal to +(2 volts)/(.2 meters) = 10 volts/meter. A
volt/meter is the same as a newton/coulomb, so this response looks like it should be true.
Unfortunately, the electric field is not equal to the derivative of the electrical potential, it is
equal to minus the derivative of the electrical potential. As such, the solution to the question is
-10 volts/meter, and this response if false.]

b.) (-10) i newtons/coulomb. [This is the one.]

¢.) (-2) i newtons/coulomb. [If you used the graph to determine the electrical potential
function (it was 10x), then evaluated the resulting function between x = 0 where the fields are
zero and x = .2 (the point of interest), you got this incorrect response.]

d.) (-.4) i newtons/coulomb. [If you took the integral of the electrical potential function,
then evaluated it at x = .2 meters, you came up with this answer. It is incorrect.]

e.) There is not enough information to tell. [Nope.]

30.) In the circuit below, each of the capacitors characterized by C is the same size and is initial-ly
uncharged. The power supply's EMF is £ while its very small internal resistance is r;- At t=0,

all of the switches are closed. Which circuit will draw the most initial current from the battery?

a.) C b.)
1 TR
1] 2 111
e =4 e
ry Tj
e e
c.) d.) ICI
|
&= o C C & —|c =L
r; Ty
~ ~

a.) Circuit a. [This is a bit tricky. The uncharged capacitors act like shorts when the
switch is thrown. That is, current effectively passes through them without any resistance to
charge flow whatsoever. As such, we could as well remove all of the capacitors from the circuit
and replace them with simple wires. As wires are theoretically assumed to have no effective
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resistance, this means that just as the switch is being thrown, the only resistance in the circuit
is the internal resistance associated with r;. As this is the same for each circuit, ALL circuits

will have the same initial current. In other words, this circuit will do the job, but there are
others.]

b.) Circuit b. [From above, this is not the only circuit to satisfy the situation.]

c.) Circuit c. [From above, this is not the only circuit to satisfy the situation.]

d.) Circuit d. [From above, this is not the only circuit to satisfy the situation.]

e.) There is more than one circuit that will draw the maximum current. [This is the one.]

31.) Two charges of equal mass move in the plane of the paper B-field
with the same kinetic energy. As they pass through a magnetic ® QL @
field, they are observed. A sketch of the situation is shown to the
right. From observation, it can be deduced that: ® ® R
a.) Charge C is negative, charge A is negative, and
® ® @
®

®
e A's path
®
charge C is larger in magnitude than charge A. [We can de- ®

&®
charg

®

®

termine whether, say, charge A is positive or negative by using

F = quxB and the right hand rule to determine the force direction (—»%;C‘S path
on charge A min rge A w itive (remember, the R ®

equation F = gquxB is for a positive charge--a negative charge

will feel a force in the opposite direction predicted by that cross

product). Looking at the charge's path as it exists at the arrow on the sketch, the right hand rule
suggests that a downward force would be felt by a positive charge in that situation. Charge A is
clearly not accelerating in a downward arc, therefore it must be a negative charge. Following
similar thinking on charge C, we find that that charge is also negative. So far, this response is
OK. To determine which charge is larger, we need to derive a relationship between the charge
magnitude and path radius of a charge moving in a fixed magnetic field when the velocity is
held constant (we know that the two charges have the same velocity as both have the same mass
and kinetic energy). To do this, we need to remember that magnetic forces are centripetal in
nature. As such, the simplest charge circling in a magnetic field situation possible can be

characterized as quB = m(; vzlr). With g, B, and v all constant, we can see that the relationship
between g and r is inverse in nature. In other words, the larger the charge is, the smaller the
circle. As charge A's circle is smallest, charge A’s charge must have the largest magnitude.
As such, this response is false.]

b.) Charge C is negative, charge A is positive, and charge C is larger in magnitude
than charge A. [The charge types are off and this response is false.]

c.) Charge C is positive, charge A is negative, and charge C is smaller in magnitude
than charge A. [The charge types are off and this response is false.]

d.) Charge C is positive, charge A is positive, and charge C is smaller in magnitude
than charge A. [The charge types are off and this response is false.]

e.) None of the above. [This is the one.]

. . 1 t-carryi i
32.) Two identical rectangular loops are A0 SHERSLED ng wire

found a distance x units from a long, RS
current-carrying wire. Each rectangle is 4\\’
forced to approach the current-carrying o
wire with the same constant velocity (see
sketch and ignore gravity).

i v M

rectangle C

rectangle A




Solutions to Test II--E&M

a.) The directions of the induced currents in both are clockwise, and the force required to
move rectangle A at a given constant velocity is greater than the force required to move rectangle
C at that same velocity. [The long wire is producing a magnetic field that is into the page in the
region of the loops (use the right thumb rule to determine this). As the coils approach the long wire,
the magnetic flux increases. That means the induced current sets up so as to create an induced
magnetic field through the coils that is out of the page. To do that, the current must flow
counterclockwise. From this, this is false.]

b.) The direction of the induced current in both is counterclockwise, and the force
required to move rectangle A at a constant velocity is greater than the force required to move
rectangle C at that same velocity. [This is the correct direction for the induced current. What
about the second part of the response? My suspicion is that everyone's best guess would be that
the force required to make rectangle C move with a given constant velocity would be greater
than the force needed to make rectangle A move with that same velocity. After all, the shape of
the C suggests that the magnetic flux through it will be greater than through A. That should
mean a greater flux change and, as a consequence, a larger induced current. Unfortunately,
there is a potential snag. There will be fwo forces on each
coil the resultant of which will determine the ease or i
difficulty of moving the coil toward the long wire. The .
first force will be on the segment of wire designated
segment 1 in the auxiliary sketch. That force will be equal
to iLxB, where i is the induced current in the coil, L is the o _ :
length of segment 1, and B is the magnitude of the external o - \‘\
magnetic field a distance x units from the long wire (this

B-fisld valiie will be ”—‘;";‘;C—"”E) The second force will be

on segment 2, will have the same algebraic form as the first force, will be smaller in
magnitude because the B-field is farther from the long wire, and will be in the opposite
direction (do the cross product to see this). The difference between the two forces will equal the
net force one has to overcome to make the wire move with a constant velocity. The question is,
"Are the two segments so close together that the force on segment 1 is almost the same as the
force on segment 27" If that is the case, subtracting the two will leaves us with practically no
net force to overcome. In rectangle A, segment 2’s counterpart is so far away from the long
wire that the force it will produce will be nil. On the other hand, the induced current in coil A
will not be very large, the force producing segments are not very long, and the net effect may be
very little net force required to make that coil move, either. Which requires the most force, or
are they the same? As awful as this might seem, we really need to do the problem to see. And
although I would most probably skip a question like this on an A.P. test, we are doing this for
your own good. Here goes:

We will deal with rectangle C first. We need to use the expression F = iLxB on both
horizontal sections of wire to determine the amount of force each section feels due to the
induced current's interaction with the external magnetic field. That means we need a
general expression for the magnetic field in the region of the coils, we need the length of each
wire section, and we need to determine the magnitude and direction of the induced current in
the coil. Normally, we would start with Ampere's Law to determine the magnetic field
expression. Fortunately, we don't have to do this as we know the field expression for a long,

Ve wire segment 1

wire segment 2

H, zlongw ire

current-carrying wire. It is , Where r is the distance between the wire and the point of

interest. With that information, we can turn our attention to the induced current.
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We can assume that the resistance in the rectangular coil is B. If we could determine
the induced EMF in the coil, we could use € = i;,3,,4F to determine the induced current in the
coil. To get the induced EMF, we need to derive a
general expression for the magnetic flux through the
coil when the coil is some arbitrary distance x units
from the long wire. Unfortunately, we can't just do BA
cos 8 to get the flux because the external B-field varies
as we get farther and farther from the long wire,

Instead, we need to define a differential area dA
through which the magnetic field is the same

throughout, determine the differential flux dam through

that differential area, then integrate to determine the
total magnetic flux g, through the coil's overall area.

The sketch defines the variables needed. Noting that as the magnetic field vector and area
vector are in the same direction, the cosine term in the dot product becomes I and the magnetic
flux calculation looks like:

0m=[BedA
> o= [t Yacan)

_ uoiwi'rea TV, l
= ¢m - 2n J.r=x (T r
uoiwima P
= =0 Wre_ Tn(y
O == == 1n(0)

=X

= 0= %"ﬂ;!‘;a [In(x + w) - In(x)]

With the magnetic flux expression, we can determine the induced EMF by taking -N
times the time derivative of the magnetic flux function. Noting that taking the time derivative
of a function of x requires the use of the Chain Rule (i.e., df(x)/dt = [df(x)/dx] [dx/dt] . . .), we
can write:

- Nm
o==N"a
d(w [In(x+ w)- In(x)])
= e=-N 2n
dt

= g=_HoNiwira d([In(x + w) - In(x))])

2n dt

!J'oNi w,'rea d[ln(x + W) — ln(x)] dxj

= £E=—- dax

2n dx dt

Nigal[ 1 1
= g 2n H(x+w)-;](v):|

With the induced EMF, the induced current becomes:
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1l

|

linduced

LN 02 1 1
T on [[ (x+w) N ;J(v)il

= Linduced = R

The forces on the two horizontal sections will be in opposite directions (the force on the section
nearest the long wire will be away from the wire in the negative direction). The magnitude of
each will be determined using iin duce deB. Adding those two forces vectorially yields:

Fnet = _linducedLXBneamecﬁon + linducedLXBfamecﬁon

o (B[ L) (3] of | (1] 3 ) (3]t
- ram ()]

The only difference between this force expression and the one derived for rectangle A is in the
fact that for rectangle A, the 1/(x+w) term becomes 1/(x+a). Asa >w, and as both show up in
the denominator, the net force on C will be greater than the net force on A, and it looks like our
best guess back when we started the problem would have been a good bet. This response is
false.]

c.) The direction of the induced current in both is clockwise, and the force required to move
rectangle A at a constant velocity is less than the force required to move rectangle C at that same
velocity. [Nope.]

d.) The direction of the induced current in both is counterclockwise, and the force
required to move rectangle A at a constant velocity is less than the foree required to move
rectangle C at that same velocity. [This is the one.]

e.) There is no need for extra force to push the coils toward the wire as there is no
gravity in the problem. [There will be a force due to the interaction between the induced current
and the long wire's magnetic field. This response is false.]

33.) A .5kg mass has a 10 coulomb charge on it. It is placed at Point A in a constant electric
field and released from rest, freely accelerating to Point B. The electrical potential of B is 40
volts. The mass's velocity is calculated and determined to be equal to v It If the charge had

accelerated twice the distance between A and B:
a.) The final velocity would have doubled to 2v 7 [The way to approach this problem is

through energy considerations. A doubling of the distance means a doubling of the amount of
work done by the field. It also means a doubling of the electrical potential energy expended during

the acceleration and a doubling of the kinetic energy change. As kinetic energy is a function of

the square of the velocity, doubling the kinetic energy means increasing the velocity by (2)1/ 2.

This response is false. NOTE: It is true that because the electric field is constant, the charge's
acceleration will be constant. A common error, though, is to assume that with a constant
acceleration, a doubling of distance traveled will effect a doubling of the body's velocity. This is
not true. If the time of travel had doubled, then it would have been true.]

b.) The final velocity would have quadrupled to 4v ;- [Nope.]



c.) The final velocity would have halved to v 1/2. [Nope.]
d.) None of the above. [This is the one.]

34.) A100 ULf capacitor is charged by a constant 2 mA current. How long will it take for the
voltage across the capacitor to reach 40 volts?
a.) .5 seconds. [Part of the test of this problem is figuring out the notation. You should

know that mA stands for milliamp, or 1 o amps. You should also know that the symbol yf

stands for microfarads, or 106 farads. As for the question, about the only expression you know
that has to do with current and includes ¢ime is the definition of current, or i = g/t (note that g in
this expression is the amount of charge that passes by a point in the circuit during time ¢). With
that definition, we can relate the amount of charge that gathers on the capacitor's plates in time
¢t with the relationship g = i¢. As the capacitor's capacitance will be C = g/V, we can

additionally write C = (it)/V. Putting in our numbers, we get ¢t = CV/i = (100x1 0 farads)(40

volts) / (2x10'3 amps) = 2x1 02 seconds. This response is false.]
b.) .1 second. [Nope.]
c.) .02 seconds. [This is the one.]
d.) None of the above. [Nope.]

35.) An uncharged sphere made of a covalently bonded substance is placed between oppositely
charged plates (see sketch). The electric field lines between the plates will look like:

a.) b.) c.) d.) e.) None of these.
Lx 1

[ e VN

[Commentary: This question asks you to think about what happens to an insulator when it is
placed in the relatively uniform electric field (i.e., the one produced by the plates). In that case,
the Van der Waal's effect will make the top side of the ball (i.e., the side closest to the negative
plate) electrically positive while making the bottom side of the ball electrically negative. This
polarization will alter the electric field lines from a simply, parallel plate situation (without
the sphere) depicted in Response a to the situation shown in Response d. That is the one.]

36.) A variable power supply produces an AC voltage equal to 5 sin (4m) volts.

a.) The peak to peak voltage for this source is 5 volts, and the RMS voltage is 3.5 volts.
[The phrase peak to peak is really a misnomer. It really should be peak to trough.
Nevertheless, peak to peak values are always twice the amplitude. In this case, that would be 10
volts, and this response is false.]

b.) The peak to peak voltage for this source is 10 volts, and the RMS voltage is 3.5 volts.
[This has the correct peak to peak voltage. What about the second part? The RMS voltage is the
equivalent DC voltage required to provide to the circuit the same power the AC source is
providing. As such, RMS values are based on power equivalence. They are numerically
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equal to .707 of the amplitude of the function you are working with (there are RMS values for
currents, too). In this case, Vr MS = .707V0= .707(5 volts) = 3.5 volts. This response is true.]

c.) The peak to peak voltage for this source is 10 volts, and the RMS voltage is 7.07 volts.
[Nope.]
d.) None of the above. [Nope.]

37.) Three identical, hollow spheres each of inside radius a and outside radius
2a each have different charge distributions that place a given, common
amount of charge throughout their respective volumes. Denoting the spheres
with the letters A, B, and C, the volume charge density on A is 1 where & ;18

a constant; the volume charge density on B is kz/r, where k2 is a constant; and

k.?e-k‘r

2

E,,E,, and E,, denote the electric fields of A, B, and C, respectively, as evaluated at x = 2a (i.e.,
A’"B C

on the outer surface) then:
a.) E, >Eg >Eq. [This is a typically tricky A.P. type question. It looks as though you

will have to use the volume charge density functions to do the big-time Gauss's Law
calculations required to derive full blown electric field functions for each sphere, then
evaluate each of those functions at x = 2a. The clever souls in the crowd, on the other hand, will
notice that the total amount of charge in each sphere is the same (it is just how the charge is
distributed that is different--the fotal charge is the same in each case). That means that the
Gaussian surface for each case will have the same charge enclosed, and each electric field
will evaluate to the same magnitude at r = 2a. This response is false.]

b.) EA <Eg <E. [Nope.]

c.) EA > EC > EB [Nope.]
d.) EA = EB = EC. [This is the one.]
e.) None of the above. [Nope.]

the volume charge density on C is

, where & 3 and k 4 are constants. If

NODE a
0

38.) For the large circuit shown: &

a.) ij +ig+ig=0. [All of the 40 i g
nodes being alluded to in this and the .
following responses are highlighted 1y 9Q NODEb
in the auxiliary sketch (next page).
This response is associated with 70
NODE a. The response would have 5T 4
been fine if the current i 4 hadn't been - 's
ignored. NOTE: The 7 Q branch (the .
branch whose current has been de- 13 NODE ¢
fined as i4) is a part of NODE a. This /
is evident if you examine the alter- 26Q
nate connection shown below to the VA

11Q



right. In any case, this response is false.]
b.) ig +ig =1,. [NODE b’s equation should be ig+ iy=is

This response is false.] = %J/il
i

c.) i3 = 12 + i5 + i7. [NODE c’s equation is the equation

2
shown. This response is true.] J/
d.) None of the above. [Nope.]

39.) A current-carrying wire is oriented so as to direct current into vector A ,f"&‘nfeﬂm C

the page as shown in the sketch. An arbitrarily placed circle is < :
positioned about the wire. Four vectors are defined on the circle.
Which of the vectors accurately reflects the direction of the magnetic f ® wire path

field as it exists where the vector crosses the circle?

a.) Vector A. [The right thumb rule suggests that the circulation
of the magnetic field around the wire will be in the clockwise direction. Z/
That automatically eliminates any vector that is oriented in a
counterclockwise direction . . . like the one in this response. This
response is false.]

b.) Vectors A and E. [From above, this won't do.]

c.) Vector C. [Magnetic field lines generated by a current-carrying wire are always
tangent to the circle centered on the wire that passes through the point of interest (the right
thumb rules tells us whether that circulation is clockwise or counterclockwise). Drawing an
imaginary circle through the point associated with vector C finds that vector tangent to the
imaginary circle. As the general direction of the vector is in the direction of the magnetic
field (as determined in Response a), this response is true. Are there others?]

d.) Vectors C and D. [Drawing an imaginary circle through the point associated with
vector D does not find that vector tangent to the imaginary circle. As such, vector D is not in the
direction of the wire's magnetic field at that point. This response is false.]

e.) Vector D. [A wire's B-field lines are not directed radially out from the wire.]

f.) None of the above. [Nope.]

40.) The magnitude of an electric field is defined by the expression E = k2 , where k is a
constant. The electrical potential function that goes with this electric field function is:

a) -kr’/3. [If you kissed this possibility off immediately because the function is
negative, that was a mistake. To see why, we have to do the math. The relationship between a
varying electric field and its associated electrical potential field is

V(r)-V(zero point) = - rE edr =V(r). Noting that the electrical potential will be zero where

zero point
the force is zero (at r = 0), this expression yields:

r r 3
V(r)-V(0)= _fo (krir)e(drr) = _-[o kridr = —%. The temptation is to look at this

expression and think, wait a minute, how can this be negative? The point is that it doesn't
matter whether it is negative. What matters is that if you take AV between any two points,
minus the number you get will equal the work per unit charge done by the field in moving
between the two points. That is, if you move a positive point charge from r = 1 meter tor =2
meters, the work the field does should be positive (the force and displacement are in the same
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direction). According to our electrical potential expression, W/g = - AV = -[-k(2)%/3 - k(1)%/3] =
+7k/3, a positive number (just as expected). It is always good to be suspicious when you run into
an expression that doesn't seem to make sense, but upon closer inspection, this one turns out
OK. This response is true.]

b.) 2kr. [This is what you got if you took the derivative of the electric field function. If
you thought that this was the way to go, you have things backwards. An electric field is related
to the spatial rate of change of its associate electrical potential field (that is, E is related to the
derivative of V, not vice versa). This response is false.]

c.) kr? cos 0, where 8 is the angle between the electric field vector and a line from the
origin to the point in question. [This is blarney, a cheap attempt to try to fake you into thinking
about the expression AV =-Edcos8. I should be ashamed. This response is false.]

d.) None of the above. [Nope.]



