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ATTENTION: Each question has only one correct answer and is worth one point. Be sure to fill in completely the circle that corresponds to

your answer on the answer sheet. Use a pencil (not a pen). Only the answers on your answer sheet will be taken into account.

1.

An electron moving in the direction of the (4x)-axis enters a magnetic field. If the electron experiences a magnetic deflection
in the (-y) direction, the direction of the magnetic field in this region points in the direction of the

(a) (+y)-axis. (b) (4z)-axis. (c) (-z)-axis. (d) (-x)-axis. (e) (-y)-axis.

. Tons having equal charges but masses of M and 2M are accelerated through the same potential difference and then enter a

uniform magnetic field perpendicular to their path. If the heavier ions follow a circular arc of radius R, what is the radius of

the arc followed by the lighter?

(a) 3R (b) R/vV2 (c) 4R (d) V2R (e) R/2

3. The figure shows two long wires carrying equal currents I; and I, flowing in opposite directions.
Which of the arrows labeled A through D correctly represents the direction of the magnetic field
due to the wires at a point located at an equal distance d from each wire?

(a) The magnetic field is zero at that point (b) D (¢) A (d) B (e) C

4. Which of the following will reduce the time constant in an RC circuit?

(a) none of the above. (b) increasing the dielectric constant of the capacitor  (¢) adding an
additional resistor in parallel with the first resistor (d) decreasing the voltage of the battery
(e) increasing the voltage of the battery

5. Kirchhoff’s Junction Rule states that

(a) the algebraic sum of the potential changes around any closed loop in a circuit must be zero. (b) the algebraic sum
of the currents at any junction in a circuit must be zero. (c) the current at a junction is given by the product of the
resistance and the capacitance.  (d) the current in a circuit with a resistor and a capacitor varies exponentially with time.
(e) the time for the current development at a junction is given by the product of the resistance and the capacitance.

6. Which of the following has the same unit as the electromotive force (emf)?
(a) electric field (b) electric power (c) none of the above (d) current (e) electric potential

7. A resistor consists of two segments of equal lengths and equal radii. Their resistivities differ, L L
with p; = 3p2. If the current in segment 1 is I, how big is the current in segment 2, I ? I 5
(a) Il :IQ (b) 12211/3 (C) 12211/2 (d) ]2:311 (e) 12:611

8. Two resistors are made out of the same material, but have different dimensions, as shown in the figures.

The current through these two resistors is in the directions shown. What is the ratio of the resistances | L 2L | 2L
of the two wires R4/Rp 7 IL 11 L

I
(a) Ra/Rg =8 (b) Ra/Rp=1/4 (c) Ra/Rp=1/2 (d) Ra/Rp=2 (e) Ra/Rp=4 \ t

9. In the figure, long straight wires carry the currents indicated into or out of the page. The integral of e
B around the indicated curve C: fc B - dI in the indicated direction is: {

v

(@) —pol (D) Spol  (c) 2u0l  (d) 3pol  (e) —2pol \ - I /
Questions 10-12 "“\__ ®y

The triangular loop of wire shown in Figure carries a current I= 5.00A in the direction shown. The ®21 \__ G)[

loop is in a uniform magnetic field that has magnitude B = 3.00 T and the same direction as the

current in side PQ of the loop.
10. What is the net force on the loop? \‘/I

(a) 27N (b) 3N (c) 3.6N (d) 0.6N (e) O : \t

B
11. Calculate the magnetic moment of the loop.
A ) . . . 0.600m T N
(a) 0.961 A.m? (b) 2.161 Am? (c) -1.2k A.m? (d) 0.48k A.m? (e) -0.72k A.m? 1
I

12. The loop is pivoted about an axis that lies along side PR. What is the net initial torque on the loop? — ®

(a) 2.16i Nm  (b) 3.6i Nm (c) 0i Nm (d) 0j Nm (e) 0.9i Nm k——080m—>]
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Questions 13-15

A cylindrical long straight wire of radius R carries a uniform current density of magnitude .
J=I/7R? into the page as shown.(The coordinate r measures the distance from the axis of the  J(m
cylinder. CW: clockwise, CCW: counter-clockwise)

13. For r<R how much current is encircled by a loop of radius r centered at origin?
(a) Ir2/R?  (b) none (c) 7lr? (d) 7#IR%/x?> (e) nIr?/R2

14. Find the magnetic field (magnitude and direction) for r<R (inside the wire).

(a) pol/27R, CW (b) polr/2R%, CCW (c) polr/27R2%, CW (d) poIR/2r%, CCW
(e) pol/27r, CW

15. Find the magnetic field (magnitude and direction) for r > R (outside the wire).
(a) polr/27R2, CW (b)) pol/2r, CCW  (c) pol/27r, CW  (d) polR/27r2, CW  (e) uol/27R, CCW

Questions 16-18

An electrical conductor designed to carry large currents has a circular cross section 2 mm in diameter and is 21 m long. The
resistance between its ends is 0.35 Q. (take 7 = 3 and e=1.6x10"1° C).

16. What is the resistivity of the material?

(a) 3.2x107%Qm (b) 2.5 x1078Qm  (c) 5.0 x 1073Qm  (d) 4.6 x 107°Qm  (e) 1.6 x 10~"Qm
17. If the electric-field magnitude in the conductor is 2.0 V/m, what is the total current?

(a) 1.4x1072 A (b) 23x10° A (c) 045x 1075 A (d) 1.2x 102 A (e) 4.1 x 10°> A

18. If the material has 5 x 1028 free electrons per cubic meter, find the average drift speed under the conditions of the previous
part.

(a) .80 x 107> m/s (b) 5.0x 102 m/s (c) 3.2x1072m/s (d) 25x102m/s (e) 85x107* m/s

Questions 19-21
The circuit shown in the figure is used to make a magnetic balance to weigh objects. The

mass m to be measured is hung from the center of the bar that is in a uniform magnetic a € b R

field of B= 2.0T, directed into the plane of the figure. The battery voltage (£) can be
adjusted to vary the current in the circuit. The horizontal bar is L=1.0 m long and is
made of extremely light-weight material. It is connected to the battery by thin vertical
wires that can support no appreciable tension; all the weight of the suspended mass m
is supported by the magnetic force on the bar. A resistor with R = 5() is in series with

the bar; the resistance of the rest of the circuit is much less than this. (take g=10 m/s?) X Q& & ® R &K
magnetic field B

X ® @ bar ¥ X &

19. Which point, a or b, should be the positive terminal of the battery?

(a) none (b) it does not matter (c) a (d) a and b should alternate every second massm

(e) b

20. The magnetic force on the bar is given by
(a) eLB/R  (b) ?B?L  (c¢) LBe (d) eLBR (e) none

21. If the maximum terminal voltage of the battery is e=140 V, what is the greatest mass m that this instrument can measure?
(a) 39.40 kg (b) 23.80 kg (c) 2.50kg (d) 14.0kg (e) 5.60 kg

Question 22-25

The numbers given in the figure for resistances are in units of ohm. ﬂ"i"n’“ ?IV S kb
22. The equivalent resistance of 6 2 and 12 2 in parallel is : a\‘
(a) 182 (D) 2092 (c) 1/4Q (d) none (e) 4 9 16y % %12 wl =
23. Calculate the current in the 4 ), when switch S is in position a.
(a) 1.9A (b) 0.80A (c) 40A (d) 040A (e) 20A AAAA
g

24. Calculate the current in the 8 2, when switch S is in position a.
(a) 20 A (b) 1.25 A (c) 0.04 A (d) 0.50 A (e) 0.20 A

25. Calculate the current in the 4 € resistor, when switch S is for a long time in position b.
(a) 20 A (b) 1.25A (¢) 25 A (d) 1.33A (e) 40A

Exam Type A Page 2 of 2



FIZ102E Midterm Exam 11

April 25, 2015

Surname Type
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ATTENTION:Each question has only one correct answer and is worth one point. Be sure to fill in completely the circle that corresponds to

your answer on the answer sheet. Use a pencil (not a pen). Only the answers on your answer sheet will be taken into account. Please take m=3,

Mproton & 1.6 X 10727kg, qproton = 1.6 x 1071°C, po = 47 x 1077, Sin53° = 0.8, C0s53° = 0.6.

1. Points P and Q are connected to a battery of fixed voltage (see the figure). As more resistors R are
added to the parallel circuit, what happens to the total current in the circuit?
(a) there is no current  (b) increases (c) drops to zero (d) remains the same (e) decreases

2. Two protons move parallel to x- axis in opposite directions at the same speed v (see the figure). What
is the direction of the magnetic force on the upper proton?
(a) out of the page (b) into the page (c) to the top of the page (d) to the right (e) to the
left

3. Magnetic field produced at the centre of a current carrying circular wire loop is

(a) is zero. (b) directly proportional to the radius of the circular wire loop. (c) inversely
proportional to the square of the radius of the circular wire loop.  (d) inversely proportional to
the radius of the circular wire loop.  (e) directly proportional to the square of the radius of the
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circular wire loop.

4. A current in a coil with N turns creates a magnetic field at the center of that coil. The field
strength is directly proportional to:
(a) current and number of turns in the coil. (b) none of the above are valid. (¢c) current.
(e) number of turns in the coil.
5. The Weber (Wb) is the unit of
(a) magnetic flux. (b) eddy current intensity.  (c¢) magnetic flux density. (d) the Hall effect.
6. The three light bulbs in the circuit all have the same resistance of 1 Q (see the figure). By how much

is the brightness of bulb B greater or smaller than the brightness of bulb A? (brightness is related to
power)

(a) the same (b) twice as much (c¢) 1/4 as much (d) 1/2 as much (e) 4 times as much

7. A freely suspended magnet will always come to rest in the direction
(a) South-West.  (b) North-South. (c¢) East-North. (d) North-West. (e) East-South.

8. A long, straight wire carries a current I in the direction shown in the figure. A rectangular

(a) Cases Tand III ~ (b) Cases I and IT ~ (¢) None of the loops will have an induced

(d) length of the coil.

(e) none of these.

/
loop moves with a constant velocity v in the same plane as the wire as indicated. In which T T
cases will the loop have an induced current?

current  (d) Cases IT and IIT  (e) All of the loops will have an induced current case |

9. An airplane is flying at a constant height above the surface of Antarctica, where the magnetic field

case |l case III
of the earth is directed

upward, away from the ground. A passenger facing toward the front end of the plane will observe the following difference of

electric potentials across the airplane:

(a) Lower potential at the left wing tip, higher potential at the right wing tip  (b) Higher potential at the left wing tip, lower

potential at the right wing tip  (c) Lower potential at the front end, higher potential at the rear end

at the front end, lower potential at the rear end (e) No potential difference will be observed

10. A metal ring with radius R lies in the plane perpendicular to a spatially uniform magnetic field
B that points into the page and increases at a constant rate (see the figure). In this situation,

electromotive force (emf) induced in the ring is & and magnitude of induced electric field is F,. &f ®gr® \Q dB _

(d) Higher potential

R R @B

= const

If the radius of the ring is doubled, the new values of the induced emf & and the induced electric g\ @ ® /o dt

field magnitude Fo will be:

B ¥ B ®

(a) 82 = 451 and E2 = 2E1 (b) 82 = 451 and E2 = 4E1 (C) 52 = 281 and E2 = 2E1 (d) 52 = 281 and E2 = 4E1

(e) & =& and By = Ey

Exam Type A
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Questions 11-15

In the circuit in the figure, the capacitors are completely uncharged. The switch is then closed for a long time. As shown,
Ry =69, Ry =49, R3 =4Q and V = 40V.

11. Calculate the current through the R3 = 4Q-resistor. “WWv
(@) 0A (b)) 25A () 15A (A) 1A () 2A R,
12. Find the potential difference across the R3 = 4€) -resistor. ?4'0 Q

(a) 8V (b)) 6V () 0V () 4V (e) 10V

13. Find the potential difference across the R; = 6 Q-resistor. \ 1.0 uF
(a) 32V (b) 40V (c)30V (d) 20V (e) 24V ll-" R
|
14. Find the potential difference across the Ro = 4 Q-resistor. +11= MW\~

(a) 8V (b)) 16V (c) 12V (d) 10V (e) 20V

15. Find the potential difference across the 1.00 pF-capacitor.
(a) 10V (b) 12V (¢) 20V (d) 8V (e) 16 V

Questions 16-20

A proton moving at speed v = 1 x 107 m/s enters a region in space where a magnetic field given by B = (-0.3 T) 2 exists. The
velocity vector of the proton is at an angle © = 53° with respect to the positive z-axis.

16. Calculate the radius, r, of the trajectory projected onto a plane perpendicular to
the magnetic field (in the xy-plane).

(a) Im (b) 02m (¢) 04m (d)2m (e) 4m . #

17. Calculate the period, T, of the motion in that plane.
(a) 200s (b) 2x1073s (c) 2x1077s (d) 2x10°s (e) 2s

18. Calculate the frequency, f, of the motion in that plane. 2 ¥
(a) 5x10%s (b) 5x10%s (c) 5x10%s (d) 5x103s (e) 0.5s

fl
S s

19. Calculate the pitch of the motion (the distance traveled by the proton in the L
direction of the magnetic field in 1 period).

(a) 0.8m (b) 0.4m (c) 0.2m (d) 32m (e) 1.6 m

20. Calculate the energy change after one complete turn.
(a) 2x 1071 J (b)) 3x107BJ (c) 2x107J (d) 3x107*J (e) 0J

Questions 21-25
The wire in the figure carries current I in the direction shown. The wire consists of a very long, straight section, a quarter-circle

with radius R, and another long, straight section.

21. What is the magnitude of the magnetic
I I I I
(@) 55 M) Gr (© 2 @) gz (©0
22. What is the magnitude of the magnetic field at the center of the quarter-circle section (point P) due
to the quarter-circle section?

(a) oL (b) Kol () Mol (d) fof (e) Kof

23. What is the magnitude of the magnetic field at the center of the quarter-circle section (point P) due
to the lower straight section?

(a) 2L (b) 0 (c) 4f  (d) L (o) Lof

24. What is the direction of the net magnetic field at the center of the quarter-circle section (point P) due to the whole wire?

(a) into the page (b) out of the page (c) none of the above (d) downwards (e) upwards

25. If all of the quantities for the above question are at the order of 1 (radius, current, total charge), what will be the ratio of the
magnetic field to the electric field at point P?

(a) 0 (b) very big (c) order 1  (d) very small (e) currents produce magnetic field not electric field
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Name Type
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ATTENTION: Each question has only one correct answer and is worth one point. Be sure to fill in completely the circle that corresponds to

your answer on the answer sheet. Use a pencil (not a pen). Only the answers on your answer sheet will be taken into account.

1.

10.

. Three particles travel through a region of space where the magnetic field is out of the page, as shown

. Ions having equal charges but masses of M and 2M are accelerated through the same potential differ-

The unit of magnetic field Tesla and unit of magnetic flux Weber are related as
(a) Wb=T/m (b) Wb=T/m? (c) Wb=Tm (d) Wb=Tm? (e) Wb=T

. An electron moving in the direction of the +xz-axis enters a magnetic field. If the electron experiences a magnetic deflection in

the —y direction, the direction of the magnetic field in this region points in the direction of the

(a) —z-axis (b) —z-axis (¢) +y-axis (d) +z-axis (e) —y-axis

in the figure. The electric charge of each of the three particles is, respectively.

(a) 1 is positive, 2 is negative, and 3 is neutral.  (b) 1 is negative, 2 is neutral, and 3 is positive.
(¢) 1 is positive, 2 is neutral, and 3 is negative.  (d) 1 is neutral, 2 is negative, and 3 is positive.
(e) 1 is neutral, 2 is positive, and 3 is negative.

ence and then enter a uniform magnetic field perpendicular to their path. If the heavier ions follow a
circular arc of radius R, what is the radius of the arc followed by the lighter?

(a) V2R (b) R/2 (c) 4R (d) R/vV2 (e) 3R

. Two wires lie as in Figure in the plane of the paper and carry equal currents in opposite directions,

as shown in Figure. At a point P at the right of the two wire, the magnetic field

(a) points into the page.  (b) points toward the bottom of the page  (c) points toward the
top of the page (d) is zero.  (e) points out of the page

. If in a solenoid the number of windings is doubled while the length and cross sectional area are

constant the self induction coefficient is
(a) quartered (b) halved (c) quadrupled (d) not changed (e) doubled

. Magnetic Gauss law states that;

(a) There is no electric charge.  (b) There is no magnetic field.  (c) There is no electric field.  (d) The magnetic field is
the gradient of a scalar potential. ~ (e) There is no magnetic charge.

. If there are electric and magnetic fields, the energy density u is given by;

(a) $E° % 5-B> (b) $E°+5-B> (c) $E+4-B (d) $E°—5-B> (o) ($E%)/(5:; B?)

2po0

2po 2p0

. When a capacitor is charged what is the form of the displacement current between the plates

(a) % (b) po’gE  (¢) moeo®gE  (A) o F () o TG

When an increasing magnetic field is applied through the surface of a coin as in the figure,
which of the following will be true?

(a) Nothing happens (b) A current is created only along the outer edge of the circle
(¢) An induced magnetic field B’ is created in the same direction of B (d) The coin starts
to rotate around the axis  (e) Currents are created in the shape of rings on the surface of
the coin.

Exam Type A Page 1 of 2
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Questions 11-14
In the figure, £ =45V, Ry = 3Q , Ry, = 62, R3 = 3Q0 , and L = 2 mH. The switch is initially
open as shown in figure. Find the values of i; and s respectively,

11. immediately after the closing of switch S
(a) 5A,5A (b)) 7T5A,0A (¢)3A,9A (d) 75A,75A (e)0A,5A

12. a long time later after the closing.
(a) OA,5A (Db)5A,5A (¢c)9A,3A (d) 75A,0A (e) 9A,6A

13. immediately after the reopening of switch S

(a) OA,6A (b)0OA,3A (¢c)0A,9A (d) 75A,0A (e)9A,6A
14. a long time after the reopening.

(a) OA,0A (b)O0A,3A (¢c)9A,6A (d) 75A,0A (e) 0A,6A

15. What is the energy stored in the magnetic field inside the inductor before the switch is reopened?
(a) 36 mJ (b) 81mJ (¢) OmJ (d) 6 mJ (e) 9mlJ

Questions 16-19

A rectangular coil wire, 20 cm by 30 cm carrying a current of 1.5 A, is oriented with the
plane of its loop perpendicular to a uniform 1.5 T magnetic field as shown in Figure.

16. What is the net force that the magnetic field exerts on the coil?
(a) 03N (b)ON (¢) 05N (d) 09N (e) 0.7 N

M X X X
X

17. What is the torque that the magnetic field exerts on the coil?
(a) 0.32Nm (b) 0.08 Nm (¢) 0 Nm (d) 0.10 Nm (e) 0.16 Nm

18. What is the magnetic moment of the loop?
(a) 0.08 Am? (b) 0.09 Am?> (c) 0.10 Am? (d) 0.06 Am? (e) 9 Am?

19. The coil is rotated 30° about the axis shown, with the left side of the frame coming out of the plane. What is the net torque
that the magnetic field exerts on the coil?
(a) 6.75 Nm (b) 0.0675 Nm (c) 0.125 Nm (d) 0.250 Nm (e) 0.675 Nm

Questions 20-25
A steady current I = 10 A flows through a solenoid with N = 500 turns. The solenoid has a length of I = 30 cm and a cross
sectional area A = 2 cm?. Take po = 1.2 x 1076 Tm/A.

20. To find the magnetic field inside the solenoid we use Ampere’s law;
(a) § Bdl =dE/dt (b) § Bdl = polene (¢) § Eds =Q/E (d) § Bds=Q/& () § Edl = polone
21. The magnetic field inside the solenoid is;
(a) 2T (b) 200T (c) 20 mT (d) 0.002 mT (e) 0.2 T
22. The magnetic flux in the solenoid is
(a) 4x1078T ()0 (c) 1.2x107°T (d) 4x107°Wb (e) 1.2x 10~* Wb
23. If the current is time dependent I = Ijsinwt the emf induced in a single loop of the solenoid is;
(a) —(uoNAIyw/!) sinwt
(b) —(uoN?Alyw/1) cos wt
(¢) —(uoNAILy/(wl))sinwt
(d) —(uoNAIpw/l) coswt
(e) —(uoNAIy/(wl)) coswt
24. The self induction coefficient of the solenoid L is;
(a) woA/l (b)) —poN2AJ/l  (c) woN2?AJl  (d) —puoN2Alyw/l  (e) poN?Algw/l
25. When I = 10 A is flowing through the solenoid the energy stored in it is;
(a) 10  (b) 10mJ (¢) 1I0mH (d) 10T (e) 10 mT

Exam Type A Page 2 of 2
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ATTENTION: Each question has only one correct answer and is worth one point. Be sure to fill in completely the circle that corresponds to
your answer on the answer sheet. Use a pencil (not a pen). Only the answers on your answer sheet will be taken into account.

Please take ¢ = 1.6 x 10719C, k = zL- = 9 x 10° XLz®
1. According to Kirchhoff’s rules, which of the following statements about sign conventions is true?

(a) +& if the loop travel from (-) to (+), -IR if the loop travel in current direction (b) -£ if the loop travel from (+) to (-),
+IR if the loop travel in current direction  (c) +& if the loop travel from (4) to (-), +IR if the loop travel in current direction
(d) -€ if the loop travel from (-) to (4), -IR if the loop travel in current direction (e) +& if the loop travel from (+) to (-),
-IR if the loop travel opposite to current direction

Questions 2-3

2.

3.

Suppose two batteries, with electromotive forces €1 = 2.00 V and g5 = 3.04 V, are connected as
shown in the figure. Each internal resistance is r = 0.40 €2, and external resistance is R = 4.00 €.

MV
What is the current through the branch of the circuit with smaller electromotive force €1 (the arrow €1 1+ r
indicates positive current direction)?
(a) 1.00A (b) 210 A (c¢) 1.25A (d) -1.00 A (e) -2.10 A

+ R
What is the voltage across the resistor R? 6, ;

(a) 360 V. (b) 240V (c) 6.00V (d) 480V (e) 1.20V

Questions 4-7

10.

11.

12.

. Now, switch Sy is closed. What is the total current flowing out of the battery immediately after

- A positive charge enters a uniform magnetic field as shown. What is the direction of the magnetic force at the

- A vertical wire carrying a current [ is placed in a vertical magnetic field B. What is the direction of the magnetic ‘

The circuit shown in the figure has a capacitor with capacitance C' = 800 uF connected to a
battery with electromotive force € = 12 V, two switches S, .Sz, and three resistors Ry = 30€2, Ry =
75Q, R = 50€2. Initially, the capacitor is completely discharged. The switch 57 is closed, and
switch S5 is open.

switch Sy has been closed?
(a) 150 mA  (b) 100 mA (¢) 75 mA (d) O mA (e) 200 mA

. What is the energy stored in the capacitor long time after switch Sy has been closed? Hint: you

will first need to calculate the potential difference across the capacitor long time after switch Sy
has been closed.

(a) 100 mJ (b) 57.6 mJ (c) 46 mJ (d) 115.2 mJ (e) 22.5 mJ

. After switch Sy has been closed for a long time, switch 57 is opened and the capacitor starts discharging. How long will it take

until the current in the resistor Ry drops to 3 mA? In the calculation, take log0.05 = —3.
(a) 120 ms (b) 60ms (c) 300 ms (d) 100 ms (e) 180 ms

. After switch S; is opened, what is the total energy converted to heat in the resistor Ry while the capacitor is discharging?

(a) 27mJ  (b) 9mJ (c) 225mJ  (d) 18 mJ (e) 13.5 mJ

%y e ®
moment that the charge enters the magnetic field? ®VL ® @
(a) into the page (b) downward (c) to the right (d) to the left (e) out of the page 99 ©F

force F' on the wire?
(a) zero (b) out of the page (c) into the page (d) to the right (e) to the left

Two particles of the same mass enter a magnetic field with the same speed and follow the paths shown. xxxxxxxxxxxx

Which particle has the bigger charge? X X XK X X XXX X X1
(a) Impossible to tell from the picture. (b) They have no mass. (¢) Particle 2. (d) Particle 1. * m,
(e) Both charges are equal. x[x x xmx.

1 2 i

A particle of charge ¢ moves in a circular path of radius r in a uniform magnetic field B. If the magnitude of the magnetic
field is doubled, and the kinetic energy of the particle remains constant, what happens to the momentum of the particle?(Py
is the final momentum, P; is the initial momentum.)

(a) impossible to tell about the P (b) Py =2P; (c) 2Pf=P; (d) Pf=P; (e) 4Pf=P;

A square conducting loop is placed in a nonuniform magnetic field. The loop has corners at (0, 0), (0, L), (L, L), (L, 0) ,

and carries a constant current I in the clockwise direction as shown. The magnetic field is non uniform and onl L ww
it is in z direction; B = (Bgy)k, where By is a positive constant. Find the magnitude and direction of the

net magnetic force on the loop. T l
(a) Fpet = —IBoLj (b) Fhep = IBoLi () Foet = IBoLk (d) Foey = IBoLj (e) Fyer = —IBoLk 00— o’
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Questions 13-14
A cyclotron in a magnetic field of 8.0 T is used to accelerate protons to 50% of the speed of light(Take ¢ = 3.0 x 10® m/s,
7 =3.0,q=1.6x107C, mproton = 1.6 x 107 *7kg).

13. What is the cyclotron frequency of these protons?
(a) 5.0 x 10Hz (b) 2.5 x 10°Hz  (c) 3.4 x 103Hz (d) 1.33 x 10®Hz (e) 7.8 x 107Hz

14. What is the radius of their trajectory in the cyclotron?
(a) 0.18 m (b) 0.53m (c¢) 1.07m (d) 1.26 m (e) 0.45 m

Questions 15-17
A long solenoid has length L and radius a. It has n turns per unit length. The current in the solenoid is I(t) = I sin wt.

15. Find magnetic field inside the solenoid.
(a) 0 (b) ponlpsinwt (¢) ponly (d) ponlpwsinwt (e) ponlow coswt
16. Find emf induced in one loop.
(a) ma?uonlowcoswt (b) —2waponlowcoswt (c) —wa?uonlywsinwt (d) —ma?ponlowcoswt  (e) 0
17. Find induced E at radius a.
a) —aponlowcoswt/2 (b) —a’nlywcoswt/2 (c) 0 (d) insufficient information (e) —mwa?pgnlow coswtL
(a) —au Iz

18. Wire is wound on a square frame, 30 cm by 30 cm, to form a coil of 7 turns. The frame is mounted
on a horizontal shaft through its center (perpendicular to the plane of the diagram), as shown in the
figure. The coil is rotating clockwise, with a period of 0.060 s. A uniform, horizontal, magnetic field
of magnitude 0.40 T is present. At a given instant, the plane of the coil forms a 60° angle with the
horizontal, as shown. At that instant, what is the magnitude of the emf induced in the coil? Take 7w = 3. 7

(a) 252V (b) 63V (c) 252V (d) 1.26 V  (e) 12.6 V L

S 60
~; B=040T

19. The long straight conducting wire in the figure carries a current I that is decreasing with time at a A
constant rate. The circular loops A, B, and C all lie in a plane containing the wire. The induced emf in
each of the loops A, B, and C is such that —

(a) no emf is induced in any of the loops. (b) loop A has a counter-clockwise emf, loops B and C
have clockwise emfs. (c) loop A has a counter-clockwise emf, loop B has no induced emf, and loop
C has a clockwise emf.  (d) loop A has a clockwise emf, loop B has no induced emf, and loop C has a
counterclockwise emf.  (e) a counterclockwise emf is induced in all the loops.

20. As shown in the figure, a wire and a 10 {2 resistor are used to form a circuit in the shape of a square, 20 cm
by 20 cm. A uniform but non steady magnetic field is directed into the plane of the circuit. The magnitude
of the magnetic field is decreased from 1.50 T to 0.50 T in a time interval of 100 ms. The average induced x o2 X
current and its direction through the resistor, in this time interval, are

(a) 40 mA, from atob (b) 40 mA, from b to a.  (¢) 4 mA, from b to a.  (d) 4 mA, from a to b.
(e) 0.4 mA, from a to b. “

«— 20em——-

20 cm

X X

=X X
o>

X X

=
o

Questions 21-25
A long solenoid with radius R, length [ and number of turns N carries current I. .
A rectangular conducting loop with dimensions a and b is equicentered with the !
solenoid (a >> 2R and b >> 2R) as shown in the figure. The loop is positioned 7
in x — z plane.

21. Determine the magnetic field inside and outside of the solenoid respectively. . 1 : \
(a) 0and 0 (b) % and 0 (c) 2N and “%TI (d) M and 0 (e) 0 and ‘.""‘ " Nw T + &. "".‘
T — i T W VT ‘I 7 ‘ ';

2R
HolN
2R

22. What is the magnetic flux through the rectangular loop?

IN IN IN I IN

(a) —”%fNWRQ (b) Hor= TR? (c) Hor= TR? + %WRQ (d) £~ TR? .

(e) B =ab x /
23. What is the magnitude of the electromotive force (EMF) through the frame if ’

the current in the solenoid changes as I = Iy e~* where Iy and o are positive

constants?

Ea)) (;WONQI;?e*‘”ﬂRQ (b) a;m]\f;ﬁe*‘“ab (C) auoNI(gef‘”ab (d) auoNI(J?*”‘t‘n'Rz

e

24. What is the direction of the induced current in the rectangular loop when it is viewed from right handside?

(a) in the direction of x  (b) clockwise direction  (c) in the direction of y  (d) in the direction of z (e) counter
clockwise direction

25. If the frame is rotated 90° about the z-axis, what is the magnitude of the EMF induced in the new position?

(a) twice as the original  (b) half of the original  (c) not enough information to answer it!  (d) same with the original
position  (e) 0
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ATTENTION: Each question has only one correct answer and is worth one point. Be sure to fill in completely the circle that corresponds to

your answer on the answer sheet. Use a pencil (not a pen). Only the answers on your answer sheet will be taken into account.

For all questions take: Speed of light ¢ = 3 x 10® m/s, 7 = 3, ¢g = 9 x 10~!? C?/N.m?, electron charge e = 1.6 10719 C.

. Magnetic dipole moment is defined as i = I S. Here I is the current, S is the surface vector of the area enclosed by this current.

Which of the following expressions gives the magnetic dipole moment of a single circling electron? (In the below expressions I
is the angular momentum, e is the electron charge and m is the mass of the electron.)

(a) L0 (b) 220 () 5ol (d) &I (o) =0

m

. A loop of area 0.1 m?, carrying a current of 0.3 A with 200 windings is placed in a magnetic field of 0.1 T, making an angle of

60° with the normal of the loop. Which of the following is the potential energy of the system?
(a) —0.6J (b) zero. (c¢) 0.6J (d) 0.3J (e) —0.3J

. An electron enters a magnetic field with a velocity v and follows a circular trajectory. Find the work done by the magnetic

force on the electron for one period.

(a) evBR (b) zero (c) evB2rR (d) G%B (e) ev’BR

. The magnetic field generated by a point-like charge ¢ moving with a velocity v, at a distance 7 from it, is given by

() %)rqi;f' (b) %q?éf (c) Z—;qﬁx 7 (d) %’rg (e) %%ﬁf

. An electron with a velocity ¥ = vyi—vs9j, where v; and veare some constants, enters the magnetic field given as B = —Byj.

Which of the following is the trajectory that this electron will follow? (Answer the question on the basis of the reference frame
given in figure.)

(a

(b) A spiral with decreasing stepping in the —z direction.

A circle on the x-z plane in the counter-clockwise direction.

(d) A spiral with equal stepping in the +z direction.

(e

)
)
(¢) A spiral with increasing stepping in the +z direction.
)
)

A circle on the z-y plane in the clockwise direction.

. Only those electrons from the cathode that have a certain speed are required to pass

E (below direction) and magnetic field B (outside direction) are applied as shown = @ 1 @ | @
in the figure. What is the speed of electrons which pass through the hole?

() ExB (b) EB (¢) E-B (d) E/B (e) B/E

through the hole at the right side of the instrument shown in figure. Electric field . L:.. }’.’!ﬁ El ® \& O L‘
- - -

7. Tyvo parallel, strgight and very long cpnducting w}res carry currents I .and.Ig in opposite I,
directions. The distance between them is D. What is the magnitude and direction of the force =
acting on a segment with length L of the wire carrying I; current? I D I
(a) 7"0;%12, up (b) 7“‘)”1]2 to the right (c) 7"02“112 to the left (d) ”207%1, up <
(e) “2"7%2, down

8. Which of the following statements refers to the displacement current, 17

(a) pod [B.dA (b) e [EdA (c) [EdA (d) mod [BxdA (o) eol [E xdA

Questions 9-12

9.

A coaxial cable consists of a long cylindrical copper wire of radius r; surrounded by a cylindrical shell of
inner radius o and outer radius r3. The wire and the shell carry equal and opposite currents I, uniformly
distributed over their volumes. Find the magnitude of the magnetic field

<
in the region r < ry.

(a) Lol (b) 0 (C) #0172“ (d) polry (e) wol

27r 2mr? 272 27ry

10. in the region r; < r < ro.

11.

(a) pol(ra—r1) (b) polr (C) 0 (d) polry (e) ol

272 2712 2mr2 2r
in the region ro < r < rs.

() sy (U7) 0) 5 (© sty (R @0 () 4

2 (r3—r3) T 27r(r —r3) 27 (rs—r3
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12. in the region r > rj.
(a) 22t (b) s (0 () HE (o)
3

Tr1TaT3) r

Questions 13-16

The axis of a ring carrying current I, is parallel to z-axis at time ¢t = 0, as in figure. Then it starts to rotate around z-axis in
the counterclockwise with an angular velocity w = 27 /T, where T is the period, as in figure. A homogeneous magnetic field is

applied along the z-axis that passes through the whole area of the ring. The radius of ring is R.

13. What is the magnetic dipole moment of the ring at ¢ = 07

(a) 0 (b) IR?wi (c¢) —InR%k (d) —IR?wi (e) ITR%k
14. What is the magnetic dipole moment of the ring at ¢t = T'/4?

(a) ImR?*j (b) —I7R*Lj; (c) 0 (d) —InR%* (e) ImR*Lj
15. What is the tork on the ring at ¢ = T'/4?

(a) 0 (b) —I27RBE (c) I7R?Bk (d) IxR*Bi (e) —IwR2Bi
16. What is the tork on the ring at ¢t = T'/2?

(a) ImR2Bi (b) —I2nrRBE (¢) —I27RBj (d) I=R?Bj (e) 0
Questions 17-21

N---Y----»

A rectangular loop of conducting wire of length L; and width Lo lies near a very long wire
carrying a current I, as shown in the figure. The loop and the current carrying wire are in
the same plane, and the two long edges of the loop are parallel to the wire. The resistance of
the loop is R.

17. What is the magnitude and direction of the magnetic field in the loop at a distance r from
the current carrying wire?

(a) L points out of the page (b) 4oL, pomts into the page (c) 527, points out of the

page (d) “;T:, points into the page (e) £ QM, points out of the page

18. What is the magnetic flux through the loop?

h 2mh

(a) B2 In(1+ £  (b) Y1+ L2) (o) “E2m(1+ L) () Lefike (o) melnle

L

19. If the current in the wire changes as a function of time as I = a + bt, where a and b are positive constants, what is the induced

emf & in the loop?

(a) —£52In(1+51)  (b) &2 Im(14+£) (o) Leflte  (d) seblile (o) —£92liin(1+ £2)

2mh 27

20. If the current in the wire changes as a function of time as I = a + bt, find the current and its direction in the loop?

(a) g‘;b]g In(1+ £ L), clockwise  (b) %, counter-clockwise  (c) =422z In(1 4 L}—Ll)7 counter-clockwise

2TR
clockwise  (e) ”20:;1 In(1+ %), counter-clockwise

(d) pobLi Lo

2R

21. When the current in the wire, I, is constant and the loop moves away from the wire in the perpendicular direction with a

constant speed, which of the following will be true?
(a) The tork on the loop decreases with time
(b) The magnetic flux through the loop increases with time
(¢) The induced current does not change
(d) The induced current increases with time
(e) The magnetic flux through the loop decreases with time

Questions 22-25

In figure, a time dependent electric field, E = —Eytj, is applied in the —y direction (inside the
page). € and po, are the vacuum permittivity and the vacuum permeability, respectively.

22. Find the electric flux through a circular area of radius r; shown in figure.
(a) mriEot  (b) wriEot  (c) FriEgt  (d) 2mriEot  (e) w(r3 — ri)Eot
23. Find the magnitude of the magnetic field at a distance ro shown in figure.

(a) e (b) el () somlpinlf () wemgfe (o) wnh

24. Find the electric flux in the region between r; and ro shown in figure.

(a) mr3Eot  (b) M%_fot (c) m(r3 —rH)Eot  (d) 2m(ra — 1) Eot  (e) 2mroEot

25. Find the displacement current passing through the region between r; and ro shown in figure.

2
(a) ZWE()M()TQEO (b) E%Q‘EO (C) 60/1071’(7’% — T%)EO (d) ,U,()’IT’I"%EO (e) 77-(-7-2E0

Ho T7
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ATTENTION: Each question has only one correct answer and is worth one point. Be sure to fill in completely the circle that corresponds to
your answer on the answer sheet. Use a pencil (not a pen). Only the answers on your answer sheet will be taken into account.

For all questions take: Speed of light ¢ = 3 x 108 m/s, 7 = 3, ¢g = 9 x 10712 C?/N.m?, electron charge ¢. = 1.6 107 C,

electron mass m, = 9.11 x 1073! kg.

1. What is the ST unit of resistance ohm in terms of the basic (meter, kilogram, second, ampere) units?

Questions 5-6

5.

6.

. Determine the total resistance of a spherical shell made of material with conductivity o, inner radius r1, and

(a) kgm2/A?  (b) kgm?/(A2s%) (c) kgm/(A%s) (d) m/(As) (e) kg/(A2.s%)

. What is the resistance of a circular slab of radius r, thickness ¢, and resistivity p for current flowing through the slab along the

thickness direction?
(a) p/(wr?)  (b) wr?/(pt) (c) p/(txr?) (d) pt/(xr?) (e) pt/r?

. Two wires, A and B, are made of the same metal and have equal length. The resistance of wire A is four times larger than the

resistance of wire B. How do the diameters of the wires d4 and dp compare?
(a) da=dp/2 (b) da=2dg (c) da=dp/4 (d) da=4dp (e) da=dp

outer radius ro. Assume the current flows radially outward.

0 (2 0) ) @ ) @ - @ G- b

(D
nﬁ
&

O

"
2
In the circuit shown in the figure, the capacitor is initially completely uncharged. The switch is then
closed for a long time. Assume Ry = 7.0, R, =3.0Q,and V=9.0 V.

Find the final potential difference across the resistor R;.

(a) 49V (b)) 0 (¢) 6.8V (d) 63V (e) 20V

Find the final potential difference across the 1.0 puF-capacitor.

(a) 27V  (b) 49V (c) 63V (d) 24V (e)0

Questions 7-10

10.

11.

12

. What is the current in the circuit right after the switch is closed (¢t = 0)?

. What is the current in the circuit long time after the switch is closed (t — 00)?

An electric circuit is given in the figure where Ry = 209, Ry = 409, R3 = 60Q, Cy = 4uF),
Cy =2pF and V =12 V. The capacitors have initially no charge.

(a) 02A (b) 0.5A (c) 0.1A (d) 0.4A () 0

(a) 0.1A (b) 0.2A (c) 05A (d) 0.4A (&) 0

. What is the energy stored in C; during the charging process (when the capacitor is fully charged)?

(a) 16 uJ (b)) 2 pJ  (c) 8uJ (d) 32uJ (e) 4pd

After the equilibrium is reached, the switch is opened again. What is the ratio of currents I; to Iy through resistors R; and
Ry at all times?

Hint : Charged capacitors should discharge independently via the resistors connected to them.

() 4 (b) 1/4 () 2 (d) 1/2 (e) 1

A uniform magnetic field B is directed into the plane of the page as shown in the figure. The particle of BQ e

charge ¢, mass m, and speed v is following a circular path with a radius R. If you double the mass of the
charged particle in the figure while keeping the magnitude of the magnetic field the same (as well as the ! /VJ 3
charge and the speed of the particle), how does this effect the radius of the circular trajectory and the time '
required for one complete circular orbit?

oo

(a) The radius and the time become four times larger.  (b) The radius and the time become two times
smaller.  (¢) The radius becomes two times larger and the time remains the same. (d) The radius and
the time become two times larger.  (e) The radius and the time do not change.

. Which of the following statements is false?
(a) Magnetic force on a moving charged particle is always perpendicular to the magnetic field B.
(b) Magnetic force does zero work on a moving charged particle.
(¢) A charged particle can move through a magnetic field without experiencing any magnetic force.
(d) A current loop with an area A and a current I in a uniform magnetic field B will experience zero net force, but can
experience a non-zero torque.

(e) Magnetic moment of a planar current loop depends on the shape of the loop, the area of the loop and the current in
the loop.
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13. A particle with a positive charge ¢ and mass m is traveling through a region with a uniform magnetic field
B = BO(—E) where By is a constant. The velocity of the particle is given as ¥ = vgi — 200k where g is a
constant. The path of the particle will be a helix. What is the distance s traveled along the axis of helix (-z
axis) during the time needed to complete one full revolution around the helix (distance between the neighboring
helix turns)?

2 4 2 V2 4
(@) =5 () o5 (© o5 (d) =5 (o) 5"

Questions 14-15
A long conducting wire placed along the y-axis carries a current I in the positive Y- direction. A magnetic

field B is applied on this wire in the +z-direction that varies linearly with y as B= Boyk Here, By is a
constant.

14. What is the magnitude and the direction of the net force on a segment of length L of this wire starting
at the origin O7

(a) 2IByL along the -z axis  (b) 2IBygL? along the -z axis  (c) IBoL?/2 along the +z axis (d) 0 (e) IByL along the
+x axis

15. Now, if this wire is placed along the 4z axis instead of +y axis and it still carries the same current I, what will be the
magnitude and the direction of the net force on a wire segment of length L?

(a) IBoL along the +x axis (b) 0 (c) 2IBoL along the -y axis  (d) IBgL?/2 along the +y axis (e) 2IByL? along the

- axis
16. The three circuits shown in the figure consist of straight radial segments and 3r (b 3r 3r
concentric circular arcs (half-circles of radii r, 2r, or 3r). The circuits carry the @) / (b) / (c)
same current I in the indicated direction. Rank the circuits according to the /V /V
. ; . P 7\
magnitude of the magnetic field produced at point P at the center of curvature, ° °
greatest first. p
(a) a=b>c (b)b>c>a (¢c)a>c>b (d)a>b>c (e) e>a>b
Questions 17-18

The current density in a cylindrical conductor of radius R shown in the figure varies with the distance
from the cylinder axis as J(r) = Jor/R (in the region from zero to R). The total current flowing along the
cylinder axis is [I.

17. What is the value of Jy in terms of the total current I and conductor radius R? R
(a) I/(mR?) (b) 3I/(xR%) (c) 2I/(wR?) (d) I/(37R?) (e) 3I/(2wR?)
18. What is the magnitude of the magnetic field at a distance r in the region r < R?
(a) poJoR?/(3r)  (b) poJor/R  (c) podor/3  (d) poJor?/(3R) () 2uoJomR?/r
Questions 19-21

Two coils each with 2000 turns have both radius R = 0.1 m. They are placed parallel to each other and
are on the same axis as shown in the figure. The distance between the coils is equal to R. The first coil

carries a current I = 1 A. There is initially no current in the second coil. (Take g = 47 x 10~7 Tm/A)

19. What is the magnitude of the magnetic field B at the center of coil 1?
(a) 47 x 1073 T (b) 47 x10>T (c)4rT (d) 0 (e) 4rx1074 T

20. What is the magnitude of the magnetic field B on the axis of the current-carrying coil 1 at the position # = R/2, halfway
between the two coils?

(a) [167/(5v/5)] x 1073 T (b) [327/(5v/5)] x 1072 T (c) [4n/(5v/5)] x 1073 T (d) [87/(5v/5)] x 1073 T (e) 0
21. Now both coils are energized and carry the same current I = 1 A in the same direction. What is the magnitude of the magnetic
field B on their axis at the position z = R/2, halfway between the two coils?

(a) [167/(5v/5)] x 1073 T (b) 0 (c) [647/(5v/5)] x 1073 T (d) [327/(5v/5)] x 1073 T  (e) [87/(5v/5)] x 1073 T
Questions 22-25

The figure shows a cross section across the diameter of a long, solid, cylindrical conductor. The radius of the cylinder is
R =8.00 cm. A current 4 = 1.00 A is uniformly distributed through the conductor and is flowing out of the page. Calculate
the magnitude of the magnetic field: (Take m = 3)

22. at r, = 0.00 cm
(a) 025 T (b) Incalculable (c) 0 (d) 1073/32 T (e) 2.5x1076 T
23. at r, = 3.20 cm
(a) 025 T (b) 6.25x10°° T (¢) 25T (d) 1006 T (e) 10°/32 T
24. at r. = 8.00 cm
(a) Incalculable (b) 2.5x107% T (¢) 2.5x107°T (d) 1/64 T (e) 6.25x107° T
25. at r4=10.00 cm
(a) 2.0x1073 T (b) 2.0x108 T (c) 1.56x1072 T (d) 6.25x1075 T (e) 0
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account.

Questions 1-4

The capacitor in the figure is initially uncharged and the switch is open.

I, L

RF2Q  Rp40)|

1. Immediately after the switch is closed, what is the current I; through resistor R;?
(a) 2A () 3A (¢)5A (d 1A (e)dA

LT

2. What will be the potential difference across the capacitor a long time after the switch is

=10V -
closed? T e T C=1000pF
15 10 20
3. After a very long time, the switch is reopened. What is the current through resistor R; immediately after the switch is
reopened?
5 10 3 5 10
— A — A — A — A — A
@ 7A ) —A ©3A @=A (@
4. What is I(¢), the current through the resistor Ry after the switch is reopened at ¢ = 07

(a) %:e—(SOOt/S) A (b) %e_(250t/3) A (C) %e—(400t/3) A (d) ge—(QOOt/:&) A (e) %e—(loot/:s) A

Questions 5-7

The magnetic field B in a certain region is given by B= 87+ 3k in units of tesla. (Unit vectors
pointing along the z, y and z axes are %, 7 and k respectively.)

5. What is the magnetic flux across the surface OYZ in the figure?

(a) =75 Wb (b) 0Wb (¢) —30 Wb (d) —60 Wb (e) —15 Wb
6. What is the magnetic flux across the surface OXY?

(a) =75 Wb (b) 0Wb (¢) +15 Wb (d) =30 Wb  (e) +30 Wb

7. What is the net flux through all four surfaces that enclose the shaded volume?
(a) +75 Wb (b) =30 Wb (¢) 0 Wb (d) +60 Wb  (e) —15 Wb

8. An insulator in the shape of a circular loop of radius R has uniformly distributed total charge of Q. It rotates with a constant
angular speed w about an axis perpendicular to the plane of the loop and passing through its center. What is current produced
in the loop?

3Quw 5Qw Quw TQw Quw
() 47 (b) 47 (c) 27 (d) 5T (e) 3m

9. An insulator in the shape of a circular loop of radius R has uniformly distributed total charge of Q. It rotates with a constant
angular speed w about an axis perpendicular to the plane of the loop and passing through its center. What is the magnetic
field at the center of the loop?

5p0Qw poQw TpoQw poQw 3poQw
b d
@ —fr O or © TSmO 5 © Thg

10. A thin disk of insulating material of radius R has a total charge @ distributed uniformly over its surface. It rotates with a
constant angular speed w about an axis perpendicular to the surface of the disk and passing through its center. What is the
magnetic field at the center of the disk?

poQw 5p0Qw TpoQw poQQw 3o Qw
b d
(a) 2R (b) 4R (c) 5TR (@) AR (€) AR

Exam Type A Page1 /2



FIZ 102E Midterm II December 9, 2017

Questions 11-14

A circular conducting ring of radius R with an average resistance of r is located in the
xy-plane, as shown in the figure, in a region of magnetic field B = atk, where B is in
Tesla, t is in seconds, and « is a positive constant.

11. What is the SI unit of the constant a? * .
@ g ) G @ g (@) e (@) g . :

12. What is the magnitude and the direction of the induced current on the ring? - . N
(a) 3Q;R2, clockwise (b) CWRQ, clockwise (c) on;ii%Q’ counterclockwise . .
(d) ol , clockwise  (e) o , counterclockwise . .

13. What is the induced electric field at point (x,y) = (0, R/2)?

aR | aR | aR aR | all |
(a) fSTz (b) —— 1 (c) — ¢ (d) —5 ¢ (e) !

14. If the magnetic field were of the form B = a(yl% + z7) what would be the induced
current on the conducting ring?

(a) amR? amR? amR? arR?

(b) 0 () (d) (e) 3—

3r r 2r

Questions 15-17

A very long cylinder of radius R carries a uniform current I3 in the z-direction and a uniform

x
current 15 flows in opposite direction on a very thin cylindrical shell of radius 2R, as shown
in the figure. - 12
15. What is the magnetic field B(z = R/2,y = 0,z = 0)? 2R L 7
poli . poli poli . poli . polr . T—R Z
b - d) —i () —/}/—,j5j === -
@ fr? O gr? O Tard W opgrt © R L~
16. What is the magnetic field B(z = 0,y = 3R/2,z = 0)?
poli poli . poly > polr . poly
b - E o (d) — -
@ erm’ ® Gt © gt O ogRd © Tgg! %
17. What is the magnetic field B(z = 3R,y =0,z = R)?
po(ly — Iz) . po(ly — Iz) . po(f1 + 1) po(l + Io) po(l1 — Iz)

@ =g 7 O —gr " O —gr W g (©) %R

Questions 18-20

18. A constant current I flows through the wire as shown in the figure What is the magnetic field
at the origin, B(z =0,y =0,z = 0)?

tolo - molo . . tolo » tolo »
@0 (o) Lol o) ol g el ) ol

19. What is iche magnetic force on a particle of charge ¢ at the moment it passes the origin with
velocity V =V, i+ V, k ?
quoloVz quoloVz quolo(Vii+ Vy9) quoloV, . quoloVs .
47070 b) —A£0°0" d) —A£0- 0" _ 4r0-0%z
(a) —<p—7 (b) sz © 6rR (d) n ) ) gt

20. If a particle of charge g passes the origin at ¢ = 0 with a velocity V = V,i+ V, k what is the
work done on the charge by the magnetic force in the time interval t =0 to t = 17

(@) 0 (n) —Loloelli

quoloViPt quoloV2t quoloVity
16R “—sr Y "%r © " r

S8R 16R 16R
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1.

A metal wire has resistance R. What will be the resistance of this wire in terms of R if it is stretched to 4 times of its original
length, assuming that the volume and resistivity of the material do not change when the wire is stretched?

(a) B (b) 8R (c) 4R (d) 16R () 2R

. An electron that has velocity ¥ = (10°m/s)i enters into a region with magnetic field B = (0.050 T)i — (0.20 T)j. What is the
force on the electron acted by the magnetic field? The charge of an electron is ¢, = —1.6 x 107 C.
(a) (=0.16 x 107 N)k  (b) (0.32x 10" BNk (c) (=3.2x 10" BNk (d) (=0.32x 10" BN)k (e) (3.2 x 1073 N)k
. An electric generator consists of 50 turns of wire formed into a rectangular loop of side lengths 15
20 cm by 10 cm, placed entirely in a uniform magnetic field with magnitude B = 2.0T. What is | T
the maximum value of the electromotive force (£) produced when the loop is spun at 1000rev/min /' / i _______ @
about an axis perpendicular to B? (Take 7 = 3.) /
(a) 200V (b) 24V () 2400V (d) 240 V  (e) 1200 V 2
/
. Which one of the following defines the displacement current in empty space (vacuum)?

(2) 'uoeodg% (b) _'uodg% (c) _60% (d) Go,%d% (e) Eodg%

Questions 5-8

Time dependent current flowing through a cylindrical wire given in units of amperes is I = 20 sin(1007t), where t is measured
in seconds.

. What is the amount of charge that passes through this wire between t=0 s and t=0.01 s in units of coulombs.

@ % 02 ©= @ ©r

. If the cross section of this wire is circular, its radius is lmm and the current is uniformly distributed through its cross section,

what is the charge density at t=1/200 s in A/m??

%107 2x107
(a) T (b) mx 107 (c) 2mx 107 () 2T

(e) 47 x 107

. If density of the charge carriers is n=102" 1/m?, what is the drift speed of the charge carriers at t=1/200 s in m/s units?

(|ge] = 1.6 x 1071 C).

@)% b)) @ @F (© e

. If the resistance of 10 meters of this wire is 10 £, what is the magnitude of the electric field at t=1/200 s inside the wire in

V/m?
(a) 0.05 (b) 10 (c) 0.1 (d) 2 (e) 20

Questions 9-11

10.

11.

. What is the reading of the ammeter, in ampere units, just after the switch S is closed?

All the capacitors are initially uncharged in the circuit given in the figure. The battery
has no internal resistance and the ammeter is ideal. Here £ = 11V, C = 2 uF and
R=1Q.

(a) 117 (b) 4 (¢) 2/3 (d) 3/2 (e) 33/14

What is the reading of the ammeter, in ampere units, long time after the switch has
been closed?

(a) 11/7 (b) 7/4 () 4/7 (d) 6/11 () 11/6

What is the charge on the capacitor, in ©C unit, closest to the battery long time after the switch has been closed?
(a) 11/6 (b) 11/3 (c) 22/7 (d) 3/11 (e) 2/7
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Questions 12-13

A charged particle enters a uniform magnetic field and moves in a circular path perpendicular to
the direction of magnetic field in an experiment. It takes 3 x 10~%s for the particle to make one

revolution. Magnitude of magnetic feld used in this experiment is 0.1T. Take 7 = 3. 17
12. What is the charge/mass ratio of this particle in C/kg unit?
(a) 3x 107 (b) 8x 107 (c) 4x 107 (d) 2x 107 (e) 107 =

B
13. If the radius of the circular path is 0.5 m, what is the speed of this particle in m/s? )
(a) 8 x10° (b) 2x10* (c) 5x10° (d) 105 (e) 108

Questions 14-16

A very long solid cylinder has a current density J = ar and is parallel to a thin and very long wire
which carries current I. Currents in both conductors flow in the same direction, « is a constant
and r is the radial distance from the cylinder axis. The wire is h away from the cylinder axis.

14. What is the net current flowing through the cylinder?

(a) @ (b) 2a7R  (c) ?’O‘%R‘l (d) anR2  (¢) anR? I

15. What is the magnetic field created by the cylinder at the position of the wire?

UomaR3 arR? oah oo R3
() B (b)) = (0 By (@) 3uarR? (o) Py
16. What is the magnitude of the magnetic force that the wire exerts on the unit length of the cylinder?
U R3T tothl arR31 pomaR3T
(a) 3%k (b) BuoanR°T  (c) 3R3 (d) I (e) 3%

Questions 17-18

A wire carrying current I is bent to make a quarter circular current loop as shown in the figure. The radius of
the inner circle is b and of the outer circle is a.

17. What is the magnetic moment of this current loop?
In(a?+b?) In(a?—b%)(a?+b?) In(a?—b?) In(a?—b?) In(a?+b?)
(@) =5 — O Zab ©—73— @5 (©—75
18. What is the magnitude of the magnetic field generated by this loop at the center position, O7
piol (a+b) fiol (a—b) pol(a®~b?) pol (a®+b%) pol (a®—b%)
(2) 8ab (b) 8ab (c) 8ab (d 8ab (e) 4ab

Questions 19-20

A solenoid with radius R and number of turns N is in a uniform magnetic field along its axis. The magnetic field is time
dependent and is given as Cil—?: « where « is a positive constant. Magnitude of the magnetic field is zero at t=0.

N

|
— | ||'||||||l'|||'|||'|||
&= 'lli*,l ||'||||'|||I"|||'||||'||
VAL RNERARRREA
o =0

19. What is the magnitude of the magnetic flux through one of the windings of the solenoid?
(a) NmaR* (b) maR*t (c¢) NmaR? (d) N?maR?’t (e) maR?

20. What is the magnitude of the electromotive force (emf) in the solenoid?

(a) 2ma?  (b) NraR? (c¢) 2N%maR? (d) N%*maR? (e) 2nRa
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Questions 1-2

A silver wire 2.0 mm in diameter transfers a charge of 432 C in 50 minutes. Silver contains, 6 x 10?® free electrons per
cubic meter. (Take 7 = 3, magnitude of the charge of the electron: 1.6 x 1071° C)

1. What is the current in the wire?

(a) 834mA (b) 144mA (c) 525mA (d) 0 (e) 432mA

2. What is the magnitude of the drift velocity, in units of um/s, of the electrons in the wire?
(a) 56 (b) 0 (c) 5.0 (d) 144 (e) 2.4

Questions 3-4 r,,z,\ZQ,, ||12 v

The internal resistance of the battery r = 22 for the circuit shown in the figure. v

3. What is the rate of dissipation of electrical energy in the internal resistance of the battery? R=4}
(a) 20W  (b) 0 (c) 8W (d) 24W (e) 12W

4. What is the rate of dissipation of electrical energy in the external resistor, R?
(a) 0 (b) I6W (c) 2W (d) 48W (e) 24 W

. —WVW\
Questions 5-7 S R1=8Q) Ial
The capacitor in the figure is initially uncharged and the switch is open. l §R2—6Q §
E=42V - R3=3Q)
5. Immediately after the switch is closed, find the current I; through the resistor R;. T
() 0 (b) 42A (c) 3A  (d) 9A (e) 6A I 2 Tecaur

6. After the switch has been closed for a long time, find the current I3 through the
resistor Rj3.

(a) 5A  (b) 3A (c) 42A (d) 0A (e) 1A

7. After the switch has been closed for a long time, find charge on the capacitor.
(a) 72puC  (b) 4uC  (c) 30uC (d) 0 (e) 16.8uC

Questions 8-12

The pie shaped current loop shown in the figure subtends an angle of # = 36° and lies in the
xy-plane. The radius R = 20cm and the current I = 4.0 A. The loop is in a uniform magnetic
field with B = 0.5T parallel to the z-axis. Take cos36° = 0.8, sin36° = 0.6, cos53° = 0.6,
sin 53° = 0.8 and 7 = 3.

8. What is the magnetic force on the segment a-b?
(a) (40.27)N  (b) (=0.2/)N (c) (=0.4))N (d) (+0.45)N (e) (—0.32j)N

9. What is the magnetic force on the segment b-c?

(a) (0.247 —0.085)N (b) (0.4 40.32))N  (c) (0.247 +0.087)N  (d) (0.4: —0.325)N  (e) 0

10. What is the magnetic moment of the loop in units of A.m??
(a) (48 x 1072k) (b) (24 x 1072k)  (c) (60 x 1073k)  (d) (=24 x 1073k)  (e) (48 x 1073k)
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(for questions of 11 and 12) When the plane of the loop makes an angle of 53° relative to the xy-plane,

11. What is the magnetic potential energy of the loop?
(a) +24mJ (b) 7.2mJ (c) —9.6mJ (d) 19.2mJ (e) —14.4mJ

12. What is the magnitude of the net torque that the magnetic field exerts on the loop?
(a) 9.6x1072N.m  (b) 19.2x1073N.m (c) 14.4x107>N.m (d) 24x1073N.m (e) 7.2x1073 N.m

y

Questions 13-15

A wire consist of four quarter circles with radii 1 = 4cm, o = 6cm, r3 = 10cm,

r4 = 3cm and straight sections as shown in the figure. The wire carries a current

I =2 A in the direction shown. Take p, = 12 x 107" T.m/A. r2

X

13. What is the magnitude of the magnetic field at the origin due to the part of a-b?

(a) 6T (b) 10uT (c) 25uT (d) 30uT (e) 7.5uT rs
14. What is the magnitude of the magnetic field at the origin due to the part of ¢-d? M

(a) 0T (b) 6uT (c) 13.3uT (d) 17.1uT (e) 7.5uT C

15. What is the magnitude of the total magnetic field at the origin?
(a) 25.5uT (b) 125uT (c) 102uT (d) 40uT (e) 22uT

Questions 16-17

The figure shows the cross-section of a very long coaxial cable. The radius of the
inner conductor part of the cable is a, the outer radius of the insulator is b = 2a and
the outer radius of the conductor part is ¢, 2a < ¢ < 3a. The current density in both
conductive regions is constant. The internal current, Iy = I, flows into the plane
of the page and the current in the outer part, I = 21, flows out of the page plane.
(take m = 3).

16. What is the magnitude of the magnetic field, in terms of u,, I and a, generated by
these currents at the point r = %?

(a) Kol () Hol (g ol gy el () Kol

12a 24a 54a 18a 2a
17. What is the magnitude of the magnetic field, in terms of u,, I and a, generated by these currents at the point
r = 3a?
ol ol ol pol ol
b d
@ 50 O pe @ gy W5 © 5
Questions 18-20 a
A rectangular conductive loop is placed near a long, straight wire at a distance a carrying L;
2
an alternating current of I(t) = I,sin(w,t). Here, w, = Tﬂ, T = 0.02s is the period
of the alternating current. Both the wire and the loop are in the same plane. The side  7(#) L, R

lengths of the loop are Ly = a and Ly = 2a, and the resistance R = 202 is connected
between the two open ends of the loop (take in2 = 0.6 and 7™ = 3).

18. What is the magnetic flux, in terms of u,, I, and a, passing through the loop at ¢t = 7'/47?
(a) 10apol, (b) 0.lapol, (c) 2auol, (d) 0.2ap.l, (e) 3apol,

19. What is the voltage, in terms of u,, I, and a, between the ends of the resistor at ¢t = 7'/27?
(a) 12apol, (b) 50apel, (c) 180apol, (d) 60au.l, (e) 6apol,

20. What is the current, in terms of u,, I, and a, passing through resistance at t = T'/27
(a) apolo  (b) 9apol, (c) Bapol, (d) 3apels () dapiol,
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1. Which of the following combination cannot be a unit of the magnetic field?
(N: Newton, J: Joule, W: Watt, C: Coulomb, A: Ampere)

(a) N-s/(A-m) (b) N-s/(C-m) (c) W-s*/(C-m?) (d) J-s/(C-m?) (e) kg/(A-s?)
Questions 2-3

Consider the circuit shown in the figure on the right. Both capacitors are uncharged and
the switch is closed at time ¢ = 0.

2. Find the currents i1, i2, 3 in units of /R at ¢ = 0, immediately after the switch is closed. R
(a) 1/2,1/4,1/4  (b) 2/5,1/5,1/5 (c) 1/3,1/3,0 (d) 0,0,0 (e) 2/3,1/3,1/3 iy
3. Find the currents i1, 42,73 in units of ¢/R when t — oo.
(a) 2/3,1/3,1/3 (b) 2/5,1/5,1/5 (c) 0,0,0 (d) 1/2,1/4,1/4 (e) 1/3,1/3,0
Questions 4-5 €
Consider the circuit shown in the figure on the right. Take £1/2 = €3 = e3 = ¢ and +};_
Ri/2 = Ry — Ry — R. %
R
1
4. What is the magnitude of the current through the resistor R3? 82_ +£3_
(a) 0 (b) 4¢/5R (c) 2¢/3R (d) 2¢/5R (e) ¢/5R a'—{ R b
3
5. What is the the potential difference V;, — V,, between points a and b. A
(a) 0 (b) 6e/5 (c) —6¢/5 (d) —2¢ (e) 2¢/3 R,
Questions 6-8
In a mass spectrometer particles pass a velocity selector and enter a region me < X B,X
of uniform magnetic field where they move in circular orbits. FE,B are XX X
the strengths of the uniform fields in the velocity selector and B’ is the
magnetic field in the second part. || EaTE R
I ] /
6. What is the speed of the particles that move in a straight line in the velocity B | x| XX [ x XX X )
selector part? XXX XXX [ ROX XX
() (B/2B)? (b) B/B (c) /2E/B' (d) E/2B (e) 2E/B o i xox o x
7. What are the charges of the particles that have paths 1, 2, 37 3 X x X
(positive: +, neutral: 0, negative —) v ow % x
(a) +,0,— (b) 0,0,0 (¢) =, 0,4+ (d) —,0,— (e) 4,0, + U
8. Find the expression for the mass of particle 1 with charge ¢, given in terms of the variables shown in the figure.
(z is the distance of its final point from the entering point in the second region.)
(a) qzBB'/(2E) (b) qzE/(BB') (c¢) qzEB'/(2B) (d) 2qzBB’'/E (e) 2qzEB'/B
Questions 8-9
Two very long parallel wires, each carrying a current ¢ in opposite directions, are located Ya
perpendicular to the zy-plane, as shown in the figure. i
9. What is the net magnetic field vector at point P? @ P
(a) Sk (b) 4250 (o) 40 (@) =57 () b a ¢
10. A point charge ¢ moving in the xy-plane has the velocity v = vj' at the instant when it is i®
\

passing through point P. What is the magnetic force on the point charge at this instant?

(a) Grgg  (b) gt (o) =Gtk (d) =y (o) —f5k
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Questions 11-13

A very long conducting wire carrying a current ¢ is coaxial with a very —
long solid conducting cylinder of inner radius R and outer radius 3R, as _— )
shown in the figure. The solid cylinder is also carrying a uniform current = w1

1 but the current is in the opposite direction to the current of the wire. e

11. What is the magnitude of the magnetic field at r = R/27 -

(a) 425 (b) 4% (o) 2 (d) 2% (o) 4% - —
4T R TR TR 3TR 2R

12. What is the magnitude of the magnetic field at r = 2R? ——

5uu0i Qugi 4pgi 5u06 7o
(@) oirr (b) i (@ r () FE (e aing

13. What is the magnitude of the magnetic field at r = 4R?
() 25 () 20 ()0 (d) 42 (o) 4

Questions 14-15

A current in the form I = Ijsin(wt) flows through a long straight wire, where I = [,sin of

w is a constant angular frequency. There is a rectangular ring with edge $a
lengths 3a and b at a distance a from the long wire, as shown in the figure.

The resistance of this ring is R. 3a

14. What is the magnetic flux (into the page) passing through the rectangular b
ring?

(a) uobl();irn(wt) In?2 (b) uobl()Qc?;)s(wt) In 4 (C) nolo s;n(wt) In 4 (d) uob10287irn(wt) In 4 (e) ,u07lr)Io In 4

15. What is the maximum value of the induced current in the rectangular ring?

(a) 0 nd  (b) 4904 (c) @20 Ind () 20 m2  (e) 5% Ind

Questions 16-18

A parallel-plate, air filled capacitor is being charged. The circular plates have

the radius 5.0 cm. At a particular instant the conduction current /. in the wire L

is 0.5 A. (Take 7 = 3, the electric permittivity of the air as €y, and the magnetic —_—
permeability pg.)

16. What is the magnitude of the displacement current density between the plates?
(a) £= x 103 A/m? (b) £ x 102 A/m* (c) 2 x10° A/m® (d) 3 x 10" A/m?® (e) 10° A/m?
17. What is the rate at which the electric field between the plates is changing?

(a) 300 x 10 &L (b) 10%e0 &5 (¢) 56 x 102 &L (d) 76 x10° &5 (e) 3 x 10° &%

18. What is the induced magnetic field between the plates at a distance of 2.00 cm from the axis?
(a) B2 T (b) 42T (c) HoT (d) T (o) BT

Questions 19-20

Wire section (1) of cross sectional area A; = 3mm? and wire section (2) of cross
sectional area Ay = 4mm? are connected by a tapered section as shown in the figure.
The number density of conduction electrons in the wire is 103? e/m?, electronic charge
e = —1.6 x 10712 C and resistivity of the wire p = 2 x 107Qm. Assume that the
current is uniformly distributed across any cross-sectional area through the wire’s
width. Magnitude of electric field in wire section (2) is 3V /m.

19. What is the current flowing in the wire?
(a) 4A (b) 1A (c¢) 6A (d) 2A (e) 8A
20. What is the drift speed of conduction electrons in wire section (1)7

(a) 25x107°m/s (b) 6 x10%m/s (c¢) 1.5x10°m/s (d) 12.5x107%m/s (e) 25 x 107 %m/s
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