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Section 1: General Knowledge Based Questions

Answer all questions in this section
Each question is worth 1 point

1.1: If the distance between two negatively charged ions is doubled, the force on one of them due to the
1: If the dista £ ’

other will: !/7’/“ r;(
a) increase by a factor of 2 ;

b) remain the same

c) decrease by a factor of 2

ecrease by a factor of 4

1.2: When placed a distance d from a positive point charge, a positively charged particle has a potential
energy U due to the electric field created by the point charge. If the charged particle is moved to a

o

distance 2d, which of the following represents its potential energy?
Xdfve ot Clotencp o E ¥
)U/a . V)
/2 b Sy
d) 2U

1.3: A charged particle is moved from a great distance to a distance d from a point charge. At distance
d, the electric field has a strength E and a potential V. Which of the following represents the work done
per unit charge q? - -
a)Vv
b) Eqd

q
d) Eg/d
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1.4: Three point charges are separated by the distances shown. If all charges are equal, which of the
following is true?
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a) The electrostatic force on q2 due to gl is half as great as the electrostatic force on g3 due to g1
b) The electrostatic force on q2 due to gl is equal to the electrostatic force on q3 due to q1
- ¢} The electrostatic force on q2 due to gl is twice as great as the electrostatic force on g3 due to ql
‘he electrostatic force on q2 due to q1 is four times as great as the electrostatic force on g3 due to q1




. 1.5: Inside a vacuum chamber, a point charge g1 is se
hollow sphere with a radius r and made of 3 du
the Coulomb’s law constant,

parated by a distance d from the surface of a
conducting material. The sphere has a charge q2. Note k is
What is the electric field strength a distance r/2 from the center of the

—T

sphere?
a) zero » A
» T 5
Q@n/rz l' '\
@ d c) 2kqy/r (a+%)
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d) kqu/(4r?) B

q2

: - ; half
1.6: The curve shown is made from a nonconducting material. It holds a positive charge ?n |t5ft<|3"p a )
and a negative charge on its bottom half. Which of the following represents the direction of the ne
electric field at point a?

1.7: A and B below are neutral conductors hanging from a string that do not conduct electricity. If a
p;:;s-itive!y charged rod is placed near A as shown, and B is then separated from A:

a) Both A and B will be'pogsftively charged
b) Both A and B will gatively charged

c) A will be positively charged and B will be negatively

charged
will be positively charged and A will be negatively
S > 4

Positively charged rod
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a1
b

battery

@Fhe volt

5& 1.9: Apiece of iron is wrapped by copper wire as shown. Which of the following is correct

fo & B
8: Which of the following is true for any circuit: X
it o i intint ircui

} The rate of flow of electrons is the same at any pointin the c

magnetization
¢) Both a) and b) are true
d) Neither a) or b) is true

. - Lt nt
a) A current in the wire will turn the iron into a bar¥iagne
b) If the iron is magnetized, a current will be produced in the wire during

& ‘:‘\ ]“ Vv )“(If (SIS {i“"

ég 1.10: A conducting coil is rotated at a constant speed in an external magnetic field as shown. A current

is generated within the loop. T represents the time re
Which of the following most likely represents the curre

time.

B.
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quired for the loop to make one full rotation.
nt i generated within the coil as a function of



% 1.11: Which of the following would increase the current generated in the coil?
i} increase the speed of rotation of the wire loop

i) increase the size of the coil o~ .
iii) increase the strength of the magnetic field P .. . ‘ //:,,
; . /S e
a) i) only : . .
b) i) only side view
¢) i) and ii) only
d) 1), ii) and iii)

1.12: A conducting bar is slid at a constant velocity v along two conducting rods. The rods are separated
by a distance [ and connected across a resistor R. The entire apparatus is placed in an external magnetic
field B directed into the page. How will the current in the apparatus be generated?
a) sinusoidally
b) clockwise (up through the resistor)

counter clockwise (Down through the resistor
d) There is not enough information to determine the

A ,’.l ;

R

direction of the current e e e :
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1.13: A magnet is pulled through a stationary, conducting ring at a constant velocity. In which direction
will the current in the ring be generated when the magnet moves completely through the ring?

a) clockwise then counter clockwise clockw e S
@counter clockwise then clockwise PR 3
c) clockwise only . o C L
e & " :

d) counter clockwise only

1.14: Two long wires 1 and 2 separated by a distance d conduct current in opposite directions. Which of
the following statements is true? -
¥
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,

i1

i2
T Y |
a) The magnetic field created by i creates a net force on both wires
_b) The magnetic field created by i; creates a net force on wire 1 only
The magnetxc field created by i, creates a force on wire 2 only



not create a net force on either wire.

ic fi i; does ; i i
d) The magnetiaflelc created magnitude exists in each of the rings shown. At which points

1.15: A clockwise current of the same
shown is the magnetic field strength the greatest?
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Section 2: Electrostatics

Answer only 3 of the 4 questions in this section
Each question is worth 3 point

2.1: If the voltage difference between the upper and lower metal plates is 10 V, with the upper plate at the higher

potential, determine the total positive charge on the plate connected to the positive terminal of the battery.
Assume that the electric field is uniform and confined inside the “capacitor” plates. Also take the depth of the
plates to be 10 mm.

p—

metal q_ 2
+ Eq = 2.00 I 1mm
oy — , 4
- 8,2 :300 . 2mm
metal 10 mm




2.2: If the voltage difference between the upper and lower plates is 10 V, with the upper plate at the higher
potential, use either Poison’s or Laplace’s equation to obtain an expression for the potential as a function of
position between the plates. Assume that the electric field is uniform and confined inside the “capacitor” plates.
Take &,; = ¢&,; =2.50 . Also take the depth of the plates to be 10 mm.

metal
g,y =0 1mm
10V : '
£y =230 2mm
v
10 mm
metal

2.3: A small 1 mm gap is introduced between the two dielectric materials. Use the principle of virtual work to
determine an expression for the electrostatic force trying to bring the dielectric media together. Assume that the
electric field is uniform and confined inside the “capacitor” plates. Also take the depth of the plates to be 10 mm.
Take the electric field value in the dielectric mediurn with &, =2.00 as 1V/m.

metal

£, =2.00 1 mm

10v — 1
Flmm

p— - X
; Epa = 2.530; S 1mm

e —————————— -

P .
metal 10 mm



2.4: An air filled parallel plate capacitor is shown in the figure. The voltage is adjust?d stfcft!r‘thatr"teh;:t‘iicr:fl; field
between the plates is exactly 10 V/m (down). A rigid dipole is placed inside the capacitor m. e : IWh " :h own,
Take q to be 1 C and the charge separation to be 1 mm. What is the net force on the dipole? . .a is the net
torque on the dipole (indicate CW or CCW as well)? Assume the dipole does not alter the electric field between

the capacitor plates.

metal
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Section 3: Magnetostatics

Answer only 3 of the 4 questions in this section
Each question is worth 3 point

3.1: Define paramagnetic, diamagnetic and ferromagnetic. Indicate at least one interesting magnetostatic
property of each. Indicate what property of the electrons in the atoms is responsible for the magnetic behaviour.

3.2: An infinite flat metal plate carries a uniform surface current of 1 A/m in the direction shown. Determine the
. : ————
magnetic flux density vector at a point 1 cm above the plate.
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Infinite flat metal sheet

. — X
Uniform surface

current in positivey
direction

k 3.3: A toroid is shown in the figure. The radius of the toroid r =5 cm and hasac

diameter d = 10 mm. A current | = 1 A flows in the windings.
determine H", M and

ircular core cross-section with a
If the core is has a relative permeability of 20.0,
B inside the toroid. Assume the magnetic field is uniform over the cross-sectional area of the

toroid.

1A
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A section of an infinitely long and perfectly straight coax cable
is shown in the figure. The inner conductor has a radius a = 1
mm and carries a current I in the Z direction. The inner
conductor has a relative permeability, B = 1.00. The outer
conductor region is in the shape of metallic cylindrical shell of
inner radius b = 5 mm and outer radius ¢ = 6 mm. The outer

Freespace .

metallic shell carries a total current of I in the —Z direction.
The outer metallic shell conductor has a relative permeability,
M2 = 2.00. Assume the current is uniformly distributed over

the cross-section of the conductors.

3.4: Determine the magnetic flux passing through a
rectangular surface defined by the radial range a <17 <b
and axial range 0 <z < 1m. Take the current Iy = 1 A in the
3 direction and the current I, = 1 Ain the —2 direction.

Section 4: Magnetic Circuits
Answer only 3 of the 4 questions in this section
Each question is worth 3 point

4.1: The cast iron magnetic core is shown in the figure has a cross-section area of 4 ;mz, length of 0.438 m and
relative permeability of 400. The air gap has a length of 2 mm. The attached coil has 1000 turns and flows a
current of 1 A. Determine the mmf, reluctance of the core and air gap and the magnetic flux in the core material.

R il

core

1A

1000 turns

g <1

f’f”&& (




. A transformer i : od usi :
4.2 A' !ins :T er is manufactured using a material with the hysteresis curve shown in the figure. The core
material has the shape and dimensions as shown. Determine the hysteresis power loss in the core when operated

at 69 Hz and magnetic properties follows the hysteresis curve to saturation. Note that an exact answer is not
required, but show and describe your procedure used for your calculations.
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4.3: Atransformer is rated at 10 KVA and operated at 60 Hz. The turns ratio is 60:40. A 100 volt peak AC voltage is
connected to the transformer and used to step l_j-}_)‘the voltage delivered to a 100 {2 resistive load. Draw the circuit

diagram including the transformer. Determine the peak AC voltage, Mcurrent and peak apparent power
dissipated in the resistor. '

4.4: In a region of space the magnetic field increases linearly with respect to the x coordinate distance as given by

E—

the following B =2xZ (tesla). A metal loop that rests in the (x, y) plane is pulled at a constant speed towards
increasing x with a velocity of 2 m/s. The resistance of the metal loop is 3 2. Determine the expression for the
B e

current in the loop and make a plot of current versus time for the interval 0 <1< 2s . The figure below shows the
geometry involved at t = 0s. The sides of the loop are straight and parallel to the coordinate axis.

Z

8cm




Section 5: Electrical Power and Motors V b \/

Answer only 6 of the 7 questions in this section
Each question is worth 3 point

5.1: Identify and describe the two dominant loss mechanisms present in a real transformer. Indicate how these
loss mechanisms are minimized in transformer design. Identify at least one other non ideal property ot g
transformer and discuss its origin.

Diagram and description for questions 5.2 and 5.3. A (1 “
segment of a three phase transmission system is shown : |

in the figure. The generators are balanced and supply ,u: ’ |
200V AC. The relative phases for the generatorsis A= | A ) B8 ‘
0" B = 120" and C = 240" and the rotation sequence is

ABLC. The generators are connected in a delta C
configuration. The load consists of three identical P
resistors connected in the star configuration. The \&
individual resistance value is 1 k2. \

5.2: Determine the line to line voltage phasor V;;. Make sure to indicate the line to line voltage phase relative to
the phase of generator A. Draw the phase diagram.

5 3. Determine the current phasor |, flowing in resistor R1. Make sure to indicate the current’s phase angle
relative to the phase of generator A. Draw the phase diagram showing the voltage current relative angles.

5.4: A linear device is shown in the Bt

figure. It consists of a movable bar, Rail

length L1 = 1 m, in electrical contact

e ————" i

with two metal rails. The bar is set + —> v

moving to the right at constant 10V —&

velocity of 2 m/s. The magnetic field
S— st s

is uniform over the entire structure,

pointing into the page and has a

magnitude of 1 tesla. Determine the

¢ o

following:

i) The emfinduced across the bar.

iy The current magnitude and direction (up or down) in the resistor.

iii) Is the structure operating as a motor or a generator?

100 (2

5.5: A device known as a commutator is a key component in many D.C. motors, Describe the commutator and
indicates its role for the D. C. Motor.

5.6: Select either the synchronous motor or the induction motor. Using diagrams and explanation text indicate the
structure of the motor you chose and how shaft rotation is obtained. As an indication as to the depth of answer
required, | should be able to provide your description to mechanical engineer, with some electrical background,
and he can build the motor based on your description.
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5.7: A permanent magnet dc motor has the following nameplate information: 50 hp, 200 V, 200 A, 1200 rpm and
armature resistance of 0.05 Q. Determine the output power if the voltage is lowered to 150 V and the current is
200 A. Assume rotational losses are proportional to speed. Determine the efficiency of motor not including field
coil excitation?
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