Physics 12 Name:

Ultimate Electrostatics Assignment
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1.

Which of the following best illustrates the electric field between parallel plates with opposite
electric charges?
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2.

The atomic nucleus of uranium contains 92 protons. What is the direction and magnitude of

the electric field 2.5 x 107'® m from this nucleus?

DIRECTION OF ELECTRIC FIELD MAGNITUDE OF ELECTRIC FIELD
A. towards nucleus ¥ 5.3x10* N/C X
B. away from nucleus v 5.3x10% N/C X
C. towards nucleus 2.1x10" N/C v
@ away from nucleus v 2.1x10" N/C 4
3.

A 0.16 C charge is moved in an electric field from a point with a potential of 25 V to another
point with a potential of 95 V. How much work was done to move this charge?
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4.
A beam of electrons is directed to a region between oppositely charged paraiiel piates as shown
in the diagram below.

9V | 1 *
R ¥ o 0.020 m
— W

0V | I

0V 380V

a) The electron beam is produced by accelerating electrons through an electric potential
difference of 380 V. What is the speed of the electrons as they leave the 380 V plate?
0 - ) (3 marks)

y /)
KE +PC. - KE + PE
' ¢ £ ¢
o Z
PC - - /vaqf

- 1
Qv~€m\/f

Voo aqv 20(1.6x "' (389

™M ol x g 2




b) What is the electrostatic force on electrons in the region between the horizontal plates
when they are connected to a 9.0 V potential difference? (4 marks)
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5.
A positively charged oil droplet is in a verticattlectric field.

4\1\ A A A E
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Which of the following is a correctly labelled free-body diagram showing the forces acting on
the oil droplet?

A. B. C. @ Fy
FE FE FE
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6.
What are the magnitude and direction of the electric field between the plates in the situation
shown below?

250 V
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- 63500 Vv
4.0x1073 m M
DIRECTION OF FIELD MAGNITUDE OF FIELD (V/ m)
A. left X 8.3x10°
B. right VvV 8.3x10° X
C. left  x 6.3x10* vV
@ right v 6.3x10° v



7.

Electric charges O, and Q, are arranged as shown in the diagram below.

(&)}

0 =75%x10°C Q,=-2.5x10°C -
r
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le—— 020 m > 0.15m ——>
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What is the electric potential at point P? (7 marks)
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8.

A student decides to investigate how electric field varies along the line connecting two positive
point charges. Charge Q, is greater than charge Q,.

0, Q,
N ®

Using principles of physics, describe the electric field along the line from Q, to Q,. (4 marks)
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9.

Which of the following best describes how electric potential varies with distance in the region
around a point charge?
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10.
Three identical positive electric charges are fixed as shown in the diagram below.

o 0, 0
® ® . ®
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What is the direction of the net electric force on O, due to O, and Q5?

@ to the left
B. to the right

C. the net force is zero

D. cannot be determined & .
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11.

In an experiment, a positively charged oil droplet weighing 6.5x 107" N is held stationary by
a vertical electric field as shown in the diagram.
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If the electric field strength is 5.3 x 10° N/C, what is the charge on the oil droplet?
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@1.2x10—18c - m C.9% 10 _
B. 3.4x107C ~—;_’2" - = .22 x 10
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C. 4.1x10*C E 5.5 x\0

D. 8.2x10"7C
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12.

Electric charges are arranged as shown in the diagram below.

0 =7.5x10"°C 0, =-2.5x107°C
@ @ o ©

P
l——— 0.20m >l< 020 m ———>

What is the electric field (magnitude and direction) at point P midway between the charges?

(7 marks)
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13.
The electric field is uniform between

]’IQT(TQC
two positive point charges.

A
B. two negative point charges.
C. two opposite point charges.

@ two oppositely charged parallel plates.

What is the magnitude and direction of the electric field at point P due to the two f;gd charges?

+4.0x107° C ~1.0x10°C P E kq\
©) S °
& e————3.0m ———>1. 0 m —>| v g)
-y \Oq) \X 10
ELECTRIC FIELD AT POINT P 1
MAGNITUDE DIRECTION
) N nk
A. 6800 N/C / Right X Y ¢O / rig
6800 N/C Left v P ) ( c,)
| C -fxdt) Gixo
C. 11000 N/C % Right ¥ 1
D. 11000 N/C Left v ‘
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A proton with kinetic energy of 2.1x 107" J is moving into a region of charged parallel plates.
The proton will be stopped momentarily in what region?

100 A% 200 A% 300 v 400 V
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16.

A proton, initially at E—S_'E at point X, will have what speed at point Y? (7 marks)
+3.5%10°C Proton
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18.

What is the electric potential at point P due to the two fixed charges as shown?

Q, €<—— 7.0m ————>|
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19.

A moving proton has 6.4 X 107'® J of kinetic energy. The proton is accelerated by a potential 0
difference of 5000 V between parallel plates.

OV ~5000V KC +Pé k¢ 4\6/

v v
H->----- ————@ —————— F---->
proton (6 z
Clxo + {Vfi ”‘V{‘
16 /5
Clirig [ / g 7
The proton emerges from the parallel plates with what speed? é* IO (S' o®
A. 8.8x10° m/s )2 m
B. 9.8x10° m/s GJ—I’(ID +(éx1 )(5‘3037
D) 1.3%x10° m/s . Sy 6 "
D. 1.8x10° m/s ( 6)(/@7_)(10 ) F \./1(\:/‘3 110 /{
20.
a) How much work is done in moving an electron from point X to point Y? (5 marks)
© ; ©
electron 0=-5.0%x10"°C
X Y
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b) What is the potential difference between point X and point Y? (2 marks)
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21.

Which of the following diagrams shows the electric field between two equal but
opp051te charges?
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22.
A proton initially at rest is accelerated between parallel plates through a potential difference
of 700 V.
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+200 V soov V= | Q,v
A

What is the maximum speed reached by the proton?

A. 8.6x10% m/s

5 v . -1 | s~
B. 3.1x10° m/s ¢ 1(“@(!0 )(700? = 3.4( xlo "1/{

{CD 3.7x10° mys 6310 2

D. 1.6x10° m/s



23.

What are the magnitudes of the electric field and the electric potential at point P midway

between the two fixed charges?
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24.
A charge g of 30.0 uC is moved from point X to point Y.

\

8.00 m ———— >

® 0,=+70.0 uC (® g=+30.0uC
T (fixed) -7 X

How much work is done on the 30.0 uC charge? (1 uC=1x10"° C) (7 marks)
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26.

Which pair of values will cause the greatest deflection of an electron beam in a cathode
ray tube?

S ma“ 0\C ce (QFOJ\@

ACCELERATING VOLTAGE DEFLECTION (PLATE) VOLTAGE Vo H (N 8’2
A. 400v / 20V
@ 400V ov Vv \‘ma/‘ de flectia,
C. 800V i 20V vol l“"\gx
D. 800V ¥ 4ov v
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28.
a) Find the electric potential at point A and at point B. (Note: 1.0 uC is 1.0x107° C)
(3 marks)
0=-15.0 uC
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b) What is the potential difference between A and B? (1 mark)

/SVZ V- ~ ~4$000 ~ ~23000
A @

-~ - 19000 v

ANSWER:
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b) potential difference:

c) 0.036J of work must be done to move a charge ¢ from A to B. Find the magnitude and

polarity of this charge. (3 marks)
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29.

In a cathode ray tube,

}< protons are accelerated from anode (positive) to cathode (negative).
B. protons are accelerated from cathode (negative) to anode (positive).
C. electrons are accelerated from anode (positive) to cathode (negative).

electrons are accelerated from cathode (negative) to anode (positive).
30

Charge @, islocated 5.0 m from charge (), as shown.

0,=2.0x10°C 0,=5.0x10°C
® S5 @
le— 2.0m —>he 30m ———»
| 5.0m >|

How much work must be done to move charge (J; 2.0 m closer to charge Q,?
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An electron orbits the nucleus of an atom with velocity v. If this electron were to orbit the
same nucleus with twice the previous orbital radius, its orbital velocity would now be
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32.
An E!ectron}passing between parallel plates 0.025 m apart experiences an upward
electrostatic force of 5.1x107'° N.

"Q-)__(_{: ________
= l
electron
a) What is the magnitude of the electric field between the plates? (3 marks)
U = -6
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b) What is the potential difference between the plates? (2 marks)

TV _ - €d=GigsNooss)
d

z 390 v

¢) On the diagram below draw in the connections to the power supply necessary for the
electron to experience this upward force. (2 marks)

electron | - |
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33.

The diagram shows the electric field lines near two point

polarity of these point charges.

S A A
POLARITY OF L POLARITY OF
@ Negative \/ Negative v
B. Negative / Positive ¥
C. Positive ¥ Negative 4
D. Positive Positive X
34.

An electron orbits a nucleus which carries a charge of +9.6x 107" C. If the electron’s orbital
radius is 2.0x 107" m, what is its electric potential energy?

é@-ﬁﬁMWmJ fg: kchql

B. -3.5x107%7J

C. 47 ”—;:__~
D. 2.2x10"7 ’
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35.

Two charges are positioned as shown in the diagram below. \e ‘% %
|
0 =8.0uC 0, =-2.0uC A
® © .
«— 40m > 2.0m —>

a) Find the magnitude and direction of the electric field at A. (Note: 1.0 uC=1.0x107° C)

B 0\) ¢C)\) (4 marks)
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s aforce of 4.0x107> N towards the right. What are
? - (3 marks)
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36.

Which of the following correctly describes the polarity of the charges X and Y?

\\_>/_//
\__»__/
POLARITY OF X POLARITYOF Y
Positive Negative /
B. Positive \/ Positive \/
C. Negative X Negative /
D. Negative Positive

37.
Three positive charges are fixed as shown in the diagram below.

0,=4.0x10°C  Q,=5.0x10°C 0,=8.0x10"°C
@ @ ®
le—— 0.20m > 0.50 m >
. - -4
Calculate the net electric forceon @, dueto O, and Q;. r :( Ci {/’OQ) 403 é) el )
Ql)'z , Zt
MAGNITUDE OF FORCE DIRECTION OF FORCE
A. 30N Left =45 W R’g“
J
31N Right
C 5.9N Left
D. 59N Right
_ ! ( R
7 bk o (507 (307 gy et

3,2

Mok ds— Ly = 30 N right



38.

A cathode ray tube beam deflects to the location as shown in Diagram [ when a certain voltage
is applied to the deflecting plates.

CRT Screen CRT Screen
RN /ll‘\
2
3
\L/ 4
Diagram | dq“ocl' Diagram Il
/ doun

The connections to the deflecting plates are then rev‘e/rsed and the deflecting voltage is
reduced. Which location in Diagram II best represents the new beam position?

Ol‘({:\{ C‘\‘/)A. Location 1

B, Location 2
s ocation

Location 4



39.

An electron moving at 7.5x10° m/s enters an electric field between parallel plates by
passing through a small hole in one of the plates.

j«—— 0.050 m —>]

|
|
|
|
|
|

7.5x10°m/s H

A8 1Y« 0 +250 V
What is the impact speed of the electron on the second plate? (7 marks)
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40.

Which of the following best represents the electric field between oppositely charged parallel

plates?
. s
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41.

Three point charges of equal magnitude but oppositéAign are arranged as shown in the diagram
below.

0Os

Which of the diagrams below best represents the electric forces acting on Q5 due to the other
two charges?
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43.

Two point charges O, and @, are arranged as shown in the diagram below.

0, > 0,=2.5x10°C
O . O,
le——— 0.60m ——>}e«— 0.30m —>]

The electric potential at point P due to these charges is found to be 1.9x10° V. What are the
magnitude and sign of charge Q,? (7 marks)

VAR VARV
Q 4
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44.

A cathode ray tube is adjusted so as to deflect the beam as shown.

Side View Front View

If the deflecting voltage is held constant and the accelerating voltage is then decreased, which

—

diagram displays the new deflection?




45.

What is the change in Kinetic energy of an electron that moves from the negative plate to the
positive plate in the situation shown below?

(<0.050 m—>|

1 AKE =-4PE

. Alossof 4.8x10717 ]
C. Againof9.6x107'¢J
. Aloss of 9.6x107'¢ J

Againof4.8><10”J - L/g v /O//?l

46.

Two 2.0x107° C charges are positioned as shown in the diagram below.

F\J\é wor\e  9n \ng 5&‘” ) X =
Nen doudle 11 Q’S/U\% et
Q‘P 0@

2.0x10°C @ 20x10°cC

e

What work must be done tomove a 1.2x1077 C charge from location X to location Y?

3.6x107 ] W = Lq G \<0L\C\,L

B. 1.5x107] - - ; (,)
C. 18x107J £ i q) ,> ;
D. 3.9>><<1o2 TG ,Q‘ ) g\) (\‘7. X \5"?)(’“ m«ﬂ (°1 Y\ (l()’t X1 (Z)«\o
ANREVAUTAL AL e
e ~ -3
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47.
Calculate the net electric field (magnitude and direction) at point P due to the two point charges

shown in the diagram. (7 marks)
0,=50x10°C > 0,=-2.5x10"°C
@ . ©
e 0.60m ——>}<«— 0.30m —>
= -6 .
E] = lfi‘_ A(Q Yloq)(g 10 ) ~ IQS)OOO N/ QuﬁVA‘
(o L C
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N

q .
’kojm\ “ 3 TFS x\\Q ’\}/C [\[('3\/\)[



Scholarship Questions (Nasty, but cool!)
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48. In one model of the hydrogen atom the electron orbits the proton at a distance of

53x 10" m.

a) Calculate the electric potential energy of this electron. (3 marks)

b) Calculate the kinetic energy of this electron. (5 marks)

c¢) Calculate the total energy of this electron. (2 marks)
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49.
Electric charges Q; and Q, are arranged as shown in the diagram below. Find the electric potential
difference, Vg, due to these charges. (12 marks)
=

g

Ql=2.00ucé>—3'0m—;<_30m ®Q2=6.OOHC
\40m : 4'1.0m
ow | 4 :
B
\/A: ‘ﬁr‘iu \ L\:(z i (¢ woo‘>§1x\o‘é) +<°"<‘°q)(6¥|0’€) ) lq)lma
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50.
a) A small sphere carrying 5 exrss electrons is suspended between horizontal parallel
plates as shown
P N e
4 |
24x107m ® — V=115x10°V
Foo T
Find the mass of the sphery,-/ Fg (6 marks)
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. . 2
b) If the same apparatus is allowed to accelerate downwards in an elevator at 2.7 m/s”,
B R A 2y PYIIS FIP NN 71 | IRVOAS I IS RS A NP AY AN P s e ot PG A TASSNSAu | A P
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(6 marks)
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51.
A small 4.0x107 kg charged sphere is suspended by a light thread between parallel plates, as
shown in the diagram below. When the plates are connected to a 500 V source, the thread makes
a 15° angle with the vertical.
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What is the charge on the sphere? (12 marks)
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52.

Two protons are separated by a distance of 1.5 x 10° m. If both protons are initially at
rest and then one is released, what is the final speed of the released proton with respect to
the fixed proton? (10 marks)
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Answers:
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21.
22.
23.
24.
25.
26.
27.

d

d

b

a)v=1.2 x 10" m/s
b)F=7.2x 10" N
d

d

V=43x 10*v

see solution key

b

.a
1.
12.
13.
14.
15.
16.
17.
18.
19.
20.

a

E=2.3x 10° N/c
d

b

b

v=2.0 x 10° m/s
d

d

C

a)2.4x 10157]
b) V=1.5x 10*v

28.

29.
30.
31.
32.

33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43

49.
50.

51.
52.

a) Vp=-27000 v, V2=-45000 v

b) AV =18000 v
¢) g=+2.0x 10°C

d

C

b

a)E=3.2 x 10> N/c

b)V=80 v

c) see key

a

a

a) E=2.5 x 10° N/c to left
a

b

C

v=1.2x 10" m/s

d

d

oops, I missed #42. Sorry!

.Q=+7.7x 10°C
44.
45.
46.
47.
48.

a

a

a

E=3.8 x 10° N/c to the right
a)-4.35x 1078
b)2.7x 1018]
¢)-217x 107
Vap=3.6x 10° v
a)3.9x 10" kg
b) 833 v
q=53x10"C
v=1.4 x 10* m/s



