Restroom breaks are NOT allowed during the test. If you need one,
take it before starting the test. ,/\, 3 $202 e

Internet access and Phone Use are not allowed.
Only a calculator is allowed for calculations.
Turn off your cell phone. Everything you write must be your own work.

1. Force on a moving electric charge in a magnetic field: F = qVBsin#.

2. Force on a moving electric charge in an electric field. F =gxE

2
3. Centripetal force: F, = m%

4. Force on a current in a magnetic field. F =1x Lx BxSinf

i (P
Wl e = 4rons (4T)

5. Magnetic field produced by electric current: B = 5
r

6. Faraday’s law of induction and Magnetic flux: £ = —N%;(D =B A

7. Equations for transformers and power loss during transmission are shown below:

V. N, _ _ v,
?27 IVs =1V, P=I P,=I'R V=IR Vrms:\/_%
P P
8. Reactance (Xc) of a capacitor and Reactance (X.) of an inductor:
1 _ 1
Z(':zw- ZL_27#L' f—;

- 9. Impedance (Z) of a series RCL circuit: Z = V{(R’ +(x; - 1’0)2-

1
2z JIC

10. Resonant frequency (fo) of a series RCL circuit: 7, =

E
11. Electromagnetic waves: C = B c= Af

12. Circumference, C and Area, A of a circle (radius r): C =2nr A= nr?
Area of a rectangle = length x width. Area of a triangle = % X base X height

13. Proton charge = 1.6 x 10°°C.  Proton mass = 1.673 x 10?7 kg
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- JA. Select the correct answer for the multiple choices questions and write your answer in
4/}/ the line next to the question number. Write down your answers for others.
Z g,/»W
_C 1. The angle that the magnetic field of the earth makes with respect to the surface at

any point is:

a. angle of declination b. angle of rotation

c. angle of dip d. angle of latitude

2-3) The magnetic force, F on a moving charge in a magnetic field is given by:
F = qVBsinf
2. Define 6, in the above equation: an(-( betwer. /' anel 5.

b 3. The SI unit for magnetic field, T is equivalent to: B F — _/_\_j,,
g b, s & g, S g im0 ey
" Cs ‘cm "Cs * g " c t A

C 4. At alocation near the equator, the earth's magnetic field is horizontal and points
north. An electron is moving vertically up from the ground. What is the direction of the

magnetic force that acts on the electron? e
a. North b. South c. East d. West w &

C 5. Which one of the following is a unit for electromagnetic energy? o
a.C b. W c.J d.T e. Wb f.A

> 6. Who is credited for measuring the speed of light accurately for the first time?
a. Maxwell  b. Michelson c. Tesla d. Hertz e. Faraday

'C 7. What is the angle between the E and B fields in an electromagnetic wave?

o« 8. What is the angle between the centripetal acceleration and magnetic force for a
charged particle moving in uniform circular motion in a magnetic field?

Answers for 7 & 8: a. 0° b. 45° c. 90° d. 120° e. 180°

b 9. Which one of the following is not a ferromagnetic material?
a. iron b. aluminum c. cobalt d. alnico e. chromium

1 10. Which one of the electromagnetic waves is used for medical

imaging of the human body?
A. radio wave B. ultraviolet C. Gamma
D. X-ray E. Infrared X X x X X
X X X X X
Q__11. Refer the figure to the right. The magnetic field is X “i’gx w.! %
into the page. What is the direction of the magnetic force "1
on the bottom charge, which is electron and moving to the left? X ¢ X . X XX
Xv+X X X X
a. UP b. DOWN ¢. LEFT
X XX X X
d. RIGHT e. OUT f. IN
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12-13) Consider the ac voltage shown to the right: {»~ TTT T TR
€ 12. What is the rms voltage for the ac voltage?

a. 71V b. 10V b.14V d. 40V N o
A 13. What is the frequency of the ac voltage? B $—fTme |40V
a.250Hz  b.500Hz c.750Hz  e. 1000 Hz s}

Wy

Tz 4t = 0-00G% ,;‘(;\T/: 5‘/# - 2Sotb
.D‘\.

d 14. Which one of the following is an AM wave?

(a) (b)

15-17) The drawing shows a straight wire carrying a current /.

(c)

Above the wire is a rectangular loop that contains a resistor R, R
located in the same plane as straight wire. 2 A ‘/\

v

N\
Ll 5. What is the direction of the magnetic field inside the loop? ¥ _‘: ’ w
a. coming out (*) b. going in (X) &
e~ —
_C 16. If the current ] is constant, what is the direction y
of the induced current through the loop? | nead«
Q4 17. If the current / is decreasing in time, what is the direction
of the induced current through the loop?
Answers for 16 & 17:  a. clockwise b. counterclockwise ¢. no current
Ci 18. Radio waves travel at the speed of light, 3.0 x 10® m/s. What is the wavelength y 200

of the 1000 kHz radio wave? -2k Al
a.0.3m b.3m c.30m d.300m  e.3.0x10°m , =<z o

,Y ieo0

v 19. Identify the diode among the circuit elements shown below:

(HIE YO

A

1) 20. Which one of the following ﬁgures correctly shows the variation of reactance of an
inductor as a function of frequency?
I

Reactanice | ‘ Reactance Reactance / Reactance
\ j
|
=3

Frequency Frequency Frequency frequency
A B



B. Four currents of equal magnitude (3 A) are passing through 4 long conductors (1,2,3,4)
located along the corners of a square (side length = 4 cm) as shown below. The currents
are perpendicular to the page and the direction of current flow is either a cross (going into
the page) or dot (coming out of the page). The center of the square is C.
1. Determine the perpendicular distance to C from each of the current.
2. Show the magnetic field by each of the current at C. . 3
3. Determine the net magnetic field at C due to all four (\ 2ce @
currents. 2

i, Y’}:'ZL'('l - L(,__‘LL{;: §~——§Y: 5?:2'5’?6

Y=2.83 S =b.p253m
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C. A velocity selector is shown below for negatively tharged particles.

£ 1. Show the charges in the capacitor plates, electric field (E), and the magnetic field (B)

between the plates, for this to work.
2. Derive an expression for the velocity of the charged particles in terms of E and B that

will move through the capacitor plates without any deflection.

£ - fs
&

SuP - Q& (n
qQu & MT% |
que = 9 F === I

(-7 SRR

3. Show the motion of the charge particles in the magnetic field which is strong enough
E for the charge particles to make a semi-circle and derive an expression for the radius.
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D. Power generation and transmission

1. Identify a step-down transformer, step-up transformer, and high-voltage transmission
lines in the diagram above.

2. Describe the purpose and function of a transformer in electric power transmission to a

lay person. ) .
'AJ(VA/V\S«F";VM&V Coonn \NCYEAN Aeceres g Ao VD[{—Z,(/ Wé\/\ L\

LS QCWJ‘)/{/‘\S((A—Q_J( b~y L,L,givj N A/\W N lenr 4_‘(14%
L e Py & Secodany a1t Tt Eamens frman

The L\“M/( i< P“’MM b\’f 'ULAX VM—? wethc fﬁe(d/ volileln o
High - UB[W,JV\(;\MSVM%%&A MArne. bk (N2 ~ vo | {z?,(/ S
Trzvwrm) sshen v

3. If there are 50 turns in the primary of the step-up transformer, how many turns are
there in the secondary?

NS _ Vg i
Np-So, Nez’ p /‘*;/? N = (oe®
2¢0° (noD
Ne  Neg _ 249000 N SemE—= 109
/: —— e —— \2/ DQO :
N So ~ 12,000

4. 1f 2.2 MW of power is transmitted to a town located 37 km away, how much power is
lost in the transmission lines? Assume that each of the two transmission lines has a
resistance per kilometer of length of 4.5 x 102 Q/km.

7.8
P 1 R- §cx10 x2%27

L i’ = -
220 -2V]A Pos.” TR:
- . 22T "
L= 240,000
5. What happens to the lost power in 3, above? _
Lest a- he ot tv o M%,Vo{/ﬂ%( LA mMASSH B L vis .

4
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E. Faraday’s law of induction: £ = —N% ®=B A4 Ohm’slaw:V=IR f =

A loop of wire has the initial shape shown in the drawing. The top part of the wire is bent
into a semi-circle of diameter 0.40 m, which can be rotated with the handle. A constant
magnetic field of magnitude 0.45 T is directed out of the paper.

Initial Shape of the loop Shape of the loop after % a revolution

o o R
: _)/ QY

\,\\ ®
v ¢

_- B, out-of paper

1. Sketch the shape of the loop in the box above when the semi-circular side is rotated
through % of a revolution.
2. What is the change in magnetic flux when the semi-circular side is rotated through 2

of a revolution, starting from the position shown‘7 .

Af{D'——BLA--0 (ffx‘mr— D([/Sx(‘\x(jz
a. T
A:/\Y: Ax &2 AC} 0-0 SbS T.m

A (ol |2 CD "~
3. If the above % of a revolution takes 6.5 ms, what is the induced emf in the loop?

g B N - <___D D@A) 7 (/”D/-é
S ala s *

&f 434 7D -
4. If the resistance shown in the loop is 3.2 ohm, what is the induced current?

. Bl -3 :7 A

=V - / 2 .

5. Describe 4 ways to increase the 1nduced current in the loop. . [ewren e @51 Stane.
Hlx dacnigfon o fqﬂ}o\/’

Twnintawn B " Tncveax i

6. Show the direction of the induced current in the loop?

7. What is the period and frequency of the above rotation?

- i¢
z 2~fé>MS 13 ms= B-BI2
1= L =77tk

—_—

6ol
8 Sketch the 1nduced emf aé a functlon;of tlﬁqﬁ)r 3 periods.

e




