Dawson College

Physics 203-SN2-RE Electricity & Magnetism
(New Science Program)

Sample Final Exam

Part 1: Multiple Choice Questions (30 x 2 marks each = 60points)

Part 2: Long answer problems (4 x 10 marks each =40 points)

NOTE: It is suggested that you simulate an actual exam by setting aside 3 hours
to do this exam without interruptions, using only the formula sheet and your
calculator. Once you have finished then check your answers (see end of this file).

IMPORTANT: This sample final is only meant as an approximation of what a
typical 203SN2 final could be like. The exact content of your exam will follow the
course outline for the course and the distribution of grades may vary from year to
year. Your teacher will inform you of the specifics regarding your particular exam.
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Part 1: Multiple choice questions (2 points each —total points = 60)

1) Which of the following diagrams represent the forces that three charged objects might exert

on each other?
(Fig.1) (Fig.2) (Fig.3)
(a) Fig.1.
(b) Fig.2.
(c) Fig.3.

(d) Fig.1 and Fig.3, but not Fig.2.
(e) All three.

2) The force acting on an electron is 4.337 x 10716 N along the +y-axis. What is the magnitude
and direction of the electric field vector at the electron’s position?:

(a) 6.95 x 10735 N/C along the —y-axis.

(b) 4.76 x 107 N/C along the —y-axis.

(c) 2.71 x 1073 N/C along the —y-axis.

(d) 2.71 x 1073 N/C along the +y-axis.
)

(e) Defined only for a positive charge.

Two positively charged objects are on the x-axis, as shown below. The object on the left has
a larger charge than the object on the right.

. & > T

On the z-axis there is a position where E=0 N/C. This position is

) to the left of the larger charge.

b)

(¢) between the two charges, exactly in the middle.
)
)

(a
(

between the two charges, but closer to the larger charge.

(d) between the two charges, but closer to the smaller charge.

(e) to the right of the smaller charge.
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4) A —3nC charge is at the origin, as shown below. (Each square is 10x10cm)

Y

S T
X

What are the components (E,., E,) of the electric field at the position " X", measured in N/C?

5) A positively charged particle is in a uniform magnetic field. As it moves along the —z-axis
(7 = —wi) the magnetic force it experiences points along the —z-axis (Fy, = —Fk). The
magnetic field vector points along

(a) the +az-axis (+1i

(b) the +y-axis (47

(¢) the +z-axis (+k).

(d) the —y-axis (—}).

)

some other direction, not listed.

).
).

6) A proton has velocity ¢ = (=300 m/s)? + (+400 m/s)j. It is moving through a uniform
magnetic field B = (0.5 T)2 4+ (+0.5 T)j. The magnetic force acting on the proton is:

a) +8.01 x 10718 N k.

~8.01 x 10718 N £.

+5.61 x 10717 N k.

~5.61 x 107" N .

Zero.
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7) A conducting loop and a long straight wire are shown.

There is a current along the wire and a current around the loop. If the magnetic field is zero
at the center of the loop then direction of current flow in the wire and in the loop must be:
(a) right; clockwise.

(b) right; counter-clockwise.
(c
(d

(e) two of the the above are correct.

)
)
) left; clockwise.
) left; counter-clockwise.
)

8) If a proton is in a uniform magnetic field 37.3 mT (perpendicular to the proton’s velocity),
how many orbits will the proton have completed after 20.0 ps?

(a) 12

(b) 75

(c) 22 thousand
(d) 137 thousand
(e)

e) 3.6 million

9) In a uniform electric field E = (+32 N/C)i + (=45 N/C)j what is the difference in electric

potential Vg — V4 if Ais at + = —0.050 m, y = —0.200 m and B is at x = —0.050 m,
y = +0.200 m?
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10)  An electron, between the oppositely charged plates of a capacitor is launched towards the
negative plate. As it moves closer to the negative plate

(a) AV >0V and AU, > 0J.

(b) AV >0V and AU, < 0J.

(¢) AV <0V and AU, > 0J.

(d) AV <0V and AU, < 0.

11)  What is the speed of an electron after it has crossed a potential difference of AV = +9V if
its initial speed was 4.2 x 1016 m/s?
a) 1.8 x 10T0 m/s.
(a)
b) 3.8 x 10t m/s.
(
(c) 4.2 x 100 m/s.
(d) 4.6 x 10t6m/s.

12) An electric dipole consists of charges +5.00 pC separated by
1.20 mm. It is placed in a vertical electric field of magnitude ~5.00 uC
525 N/C oriented as shown in the figure. The magnitude of the
net torque this field exerts on the dipole is closest to

(a) 2.02 x 10- N-m / >

=y

(b) 3.15 % 1076 N'm #2000
(¢) 2.41 x 106 N'm
(d) 1.01x 10 N-m
(e) 1.21 x 107 N'm
13)  If the current through the 6Q resistor is 2A, the power 6Q
dissipated by the 4Q resistor is AAAY,
(a) 40W
(b) 36W |
(c) 24W t UL ?
(d) 16W +
(e) 9.6W
NN
4Q
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14)  In the circuit shown below each resistor is 100 Q. The current flowing through the 25 V
battery is 200 mA, and the current flowing through the 10 V battery is 150 mA.

AAAA.
yy

25 V----+

AAAA
\AAAJ
L

AAAA.
vy

The current through the resistor in the center is:

(a) 150 mA from a towards b.
(b) 150 mA from b towards a.
(

)
)
(¢) 50 mA from a towards b.
d)
)

(e) OmA.

50 mA from b towards a.

15)  Two uniformly charged rings are placed on the x-axis, as
shown. Each ring has radius R and total charge @ < 0C.
One ring is centered at x = —2R, and the other is centered

=10V

at the origin. At the origin, what is the x-component of the
net electric field?

4 kel
@+’

2 kelQl
(l)) + :73 R2

(c) O

2 kel@
((1) - ;75 R2

4 kel@
(e) —':73 R

>

16) A pair of charged conducting plates produces a uniform field
of 12,000 N/C, directed to the right, between the plates. The
separation of the plates is 40 mm. An electron is projected
from plate A, directly toward plate B, with an initial velocity
of vg = 1.0 X 10" m/s, as shown in the figure. The distance of

closest approach of the electron to plate B is nearest to
(a) 16 mm.
(b) 18 mm.
(¢) 20 mm.
(d) 22 mm.
(e) 24 mm
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17) The charge on the square plates of a parallel-plate capacitor is @. The potential across the
plates is maintained with constant voltage by a battery as they are pulled apart to twice their
original separation, which is small compared to the dimensions of the plates. The amount of
charge on the plates is now equal to

(a) 4Q.
() 2Q.
(0 Q.

@) Q2.
e) Q4.

18)  Two conducting loops are in the plane of the page, as shown.

The current around the loop on the left is initially zero, increases up to a large clockwise
current, then decreases back down to zero. The current induced in the loop on the right is:

(a) initially clockwise, then counter-clockwise.

(b) initially clockwise, then clockwise again.

(c) initially counter-clockwise, then clockwise.
)

(d) initially counter-clockwise, then counter-clockwise again.

19)  Current flowing through a 80 mH inductor increases from 400 mA to 1.2 A over 128 pus. If we
cross the inductor in the direction of current flow, the difference in electric potential is

(a) +750V
(b) +500V
(c) =18V
(d) =500V
(e) =750V
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20) The capacitors in the network shown in the | |
figure each have a capacitance of 5.0 uF. Whatis 4«

the equivalent capacitance, C,, of this capacitor | | _I:I—
network?
(a) 20. uF S I —
®) 3.0 uF
(¢) 10.pF be
(d) 5.0 uF
(e) 1.0 uF
21) For the circuit shown in the figure, what is the 160
equivalent resistance of the circuit? 20 Q
(a) 52 Q e
[,
®) 190 al
(c) 1.4 Q — AAA—
6O
d) 33Q
_W_
20
22) For the circuit shown in the figure, the switch
S is initially open and the capacitor voltage is § .
80 V. The switch is 'then closqd at time t=0. 2uF % 5 8 MO
How long after closing the switch will the
current in the resistor be 7.0 pA?

(@) 95 s
(b) 78 s
(c) 69s
d) 42s
(e) 87s
23) A proton is initially moving with a velocity v, = +(700km/s)i through an electric field

E = —(0.370N/C)i. How much time does it take for the proton to have the same speed
but in the opposite direction? (Gravity is completely negligible)

(a) 199 ms
(b) 39.5 ms
(¢) 19.8 ms
(d) 141 ms

(e) 72.3 ms
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24) Given the equipotential surfaces shown on the right, which of the
following choices best depicts the corresponding electric field
lines?
N 7
(a) (b) (e) (d) (e)
25) A negatively charged particle is moving to -Q
the right, directly above a wire having a —-

current flowing to the right, as shown in
the figure. In which direction is the

magnetic force exerted on the particle?
(a) into the page
(b) out of the page
(¢) downward
(d) upward
(e). The magnetic force is zero since the velocity is parallel to the current.
26)  Which of the following statements about the net force F‘net and

net torque Tpet acting on the wire rectangle is true?:

(a) E‘net is upwards, and Tpet iS not zero.
(b) Ii’net is zero, and Tpet 1S zero. I\
(¢) Fpet is downwards, and Tpet 1S not zero. >

A

(d) Fet is zero, and Tyt iS not zero. 7
(e) Fet is downwards, and Tpet 1S zero. !
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27) A circular metal ring is situated above a long
straight wire, as shown in the figure. The straight
wire has a current flowing to the right, and the
current is increasing in time at a constant rate.
Which statement is true?

(a) There is an induced current in the metal
ring, flowing in a clockwise direction.

(b) There is an induced current in the metal
ring, flowing in a counter-clockwise direction.

(¢) There i1s no induced current in the metal ring because the current in the wire is
changing at a constant rate.

28) A 45-mH ideal inductor is connected in series with a 60-Q resistor through an ideal

15-V DC power supply and an open switch. If the switch is closed at time ¢ = 0 s, what
is the current 7.0 ms later?

(a) 650 mA
(®) 250 mA
© 550 mA
(d) 280 mA
() 850 mA
29) An insulated wire of diameter 1.0 mm and negligible resistance is wrapped tightly

around a cylindrical core of radius 5.0 cm and length 30 cm to build a solenoid. What
1s the energy stored in this solenoid when a current I = 0.20 A flows through it?

(a) 0.12 md
(b) 0.96 md
(c) 0.48 md
(d) 0.24 md
(e) 0.059 mdJ

30) Anelectronis orbiting a proton. Ifitis traveling in a circular path centered on the stationary
proton with a speed 1.09x106m/s, what is the radius of its orbit?

(a) 20.7 pm
(b) 14.6 um
(¢) 0.426 nm
(d) 0.213 nm
(e) 0.107 nm
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Part 2: Long answer questions (10 points each —total points = 40)

1) Four charged objects are arranged as shown. If the —6.0nC
bottom-most object has charge @ = +17nC, and all - (== ~
objects have the same mass m = 25X107%kg, 20nC .~ - ' N
determine the following: @ : @

(a) What is the magnitude and direction of the M : v
net force on the bottom-most charge (@)? (5 \ '
points) 50cm
(b) If one of the +2.0nC charges was free to L,
move, calculate its speed when it was a @
long way from the other charges. Assume 0
none of the other charges move. (5 points)
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2) Below is a circuit with four branches. The currents I; and I3, and the emf & are unknown.
The current flowing from c to e is 2 A.

a c L=2A ¢

L 210

& L [ $120 120
+ &,=4V

b p f

(a) (2pt) What is the current flowing through each of the 12 €2 resistors?
(b) (2pt) What is the value of the emf &7

(¢) (4pt) What are the currents I1 and I2, and in what directions do they flow?

(d) (2pt) Is the emf & providing energy or is it absorbing energy? What is the power it is

providing or absorbing?
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3)  Two long, straight, parallel current-carrying wires are shown below. The wires are parallel to
the z-axis (the +z-axis points out of the page). The current in the wire above the origin is
flowing in the +z-direction (I; = 3.2 A, out of the page), while the current in the wire below
the origin is flowing in the —z-direction (I; = 3.2A, into the page). The wire above the origin
passes through y = +13.3 cm, the wire below the origin passes through y = —13.3 cm, and
the point P is at z = +35.0 cm.

Yy

I

I

(a) (5pt) Find all three components of the magnetic field vector at the point P on the z-axis.

(b) (2pt) If an electron were traveling in the +z-direction at 5200 m/s what would be the
magnitude and direction of the magnetic force acting on it as it passed through P?

(c) (3pt) What electric field (state all three components) would we need to apply to the
electron in part (b) so that the net force acting on it were zero?
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4)  There is a rectangular conducting coil, measuring 40.0cm by 20.0cm, with resistance 50.00hm
has 10 turns, as shown below. The coil moves at a constant speed of 50.0 cm/s from a region
where the magnetic field is zero and into a region where the field is 2.00 T pointed along the
+z-axis.

While the coil is in the process of entering the magnetic field (and neither full in nor full out
of the field):

(a) (4pt) Determine the magnitude and direction (as viewed from above) of the induced
current in the coil.

(b) (2pt) Determine the magnitude and direction of the magnetic force that acts on the coil.

(¢) (4pt) From the moment that the coil begins to enter the field until the moment that the
coil has fully entered the field what will be the total amount of energy dissipated by the
coil’s resistance?

END.
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