., L =

Unit 2 — Forces & Fields _ [ 22 marks

Q14: A current-carrying conductor that is 4.00 x 102 m long is placed perpendicular to a magnetic field
that has a strength of 6.00 x 10™ T. During a 20.0 second time interval, 7.00 x 10*° electrons pass a point
in the conductor. The magnitude of the average magnetic force exerted on the conductor, expressed in
scientific notation, is @.be x 107 N. The values of a, b, c,and dare : . , and

(Record your four digit answer in the Numerical Response boxes below)

19 2
t[2]4] T 29 mwo(zggtsowo )

Fro = ivl@/ oc }?,IL/E\/
Feo= (0.56 X% 0046 2)(¢.60%/0°2)
2 0.001249¢
x /.39Y x;5"3
= ).34Y %1062 ~

= 6.56A

Q15: In a Millikan-type apparatus, a plastic sphere that has a mass of 6.0 x 102 kg is suspended in an
electric field that has a strength of 2.0 x 10* N/C. The charge on the sphere is

a) 1.6x10%°C Qo
b) 3.0x10™cC F3 ~ Fe
(@ 29x10%c T o0< q_/E/
d) 2.8x107C ?‘P 3 1)
(6-0x075)(2.81) = (9)(2-0xt0
i 9~ 293x0™ C
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Use the following information to answer Q16:

Two oppositely charged parallel plates have an electric potential difference of 1.2 x 10* V across
them. The plates are 4.5 x 10 m apart. An alpha particle enters the region between the plates
through a hole in the negatively charged plate and comes to rest just before it reaches the positively
charged plate.

Positively charged plate

| |
| 1L i |
Negatively charged plate
Path of
alpha particle

Q16: The initial speed of the alpha Earticle as it enters the electric field is

/Aepncte
@ 1.1x10° m/s Lx — Ep |E/> %: 26466
5 -~
b) 5.1x10°m/s 2av® > 9 AV ’?‘ZE 3 8.53)(10-'6#/

c) 5.4x10°m/s

-23 -
d) 7.6x10°m/s 260" W* = (22160807 (1.2510%)  5: E, - .283%10" ),

v 115988 72180 .5

2,2
V = 167, Y65. 699082 s Ng“ = Ve 28
® )07 xip S N¢ > J07, 465.67908) «

Q17: One charged object exerts a force, F, on a second charged object. If the distance between the two
charged objects is doubled, and the charge on one of the objects is doubled, then the electric force that
one charge exerts on the other is

r._. ,Z < 2, )
F e ﬁ 2 qu k( ‘2)(4_2 . 2‘3,25 p ’éF—
@ ;rF

. (2o He*
c) F

T

a)

d) 2F
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Use the following information to answer Q18:

A magnet moves into a coil of wire, as shown below.

N l Direction of motion

Coil

As a result of this motion, a current is induced in the coil and a magnetic field is produced.

Q18: Which of the following diagrams best shows the direction of the induced electron flow in the coil
of wire and the direction of the magnetic field around the coil?

A, B.
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Use the following information to answer Q19:

Diagram I
Electric Field

Diagram 11
Electric Field

Positively

ctharged @

sphere l\
| 1

°

¢ N\
Directions

K e
N ED

Diagr
Magpelic Field
0 A wire with electron

r
j.
Aow into the screen

N

Diagram IV
Magnetic Fietd

]

¢’

€

x9Y

Q19: Using the numbers of the directions as given above, match the direction of the field at Point P in

each diagram as described below.

Number: <=4 | 6
Description:  Direction of the Direction of the
electric field in magnetic field in
Diagram 1 Diagram TI

(Record your four digit answer in the Numerical Response boxes below)

“416

2|5

N\ 2 1 5

Direction of the
electric field in
Diagram I}

Direction of the
magnelic field in
Diagram IV
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Use the following diagram to answer Q20:

A cyclotron uses a magnetic field to move charged particles in a circular path. It also uses a
high frequency power supply to repeatedly accelerate the particles.

TopView

> > E
i P A -
’

‘“*qo‘n;*)Q *

,® P v
¢

PR

%
# F) ¢ F » *
R0 g ’ rh At G B >
& 5 v ’ S A TR T
L] & ¢ £ - *
A 74 ' '
Y0 s EF b
¥ £
4 ¢
%
*
L]

-
’*"
e R T N

»
hL R

B R N O

Injection of
electrons Ouiput beam of high
velodity electrons.
Directions
A o
5 6
\ i i / L

Q20: Use the Numerical Response numbers corresponding with directions above to determine the
direction of each of the following vector quantities at Point P.

Direction: D ® 9 ‘l b \l 6
Quantity: Velocity Magnetic Magnetic Acceleration
Field Force

(Record your four digit answer in the Numerical Response boxes below)

3]19]6]6
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Use the following diagram to answer Q21-Q22:

A chlorine ion (CI ) with a mass of 5.85 x 10% kg is projected with an energy of 8.50 keV
perpendicularly into a magnetic field with a strength of 0.650 T.

C1” o5 it grited oce
o Wity e(&‘:kﬁ'ﬂ, & heg o

N > |s net ~le Chcréﬂri.

Q21: Based on the information above, the magnetic force of deflection on the chlorine ion will be

towards:

a. the left
b. the right
@ the top of the page
d. the bottom of the page

Q22: The magnitude of the magnetic force experienced by the Chlorine ion (CI")is a.b x 10° N, where
abcanddare ___, , ,and __ .

(Record your four digit answer in the Numerical Response boxes below)

= 20y . -10 <
2 1 14 Ex = 850 Vv 850[08\/ Iy z.so,:(\? N ;5.:
Ek > 3 cay?

136x10” "7 - 5(5.85”0'29\/ %

VE: Y L4a53. w000
N = 2.15628 2 105 M,

Feo= yol B/
G (/.6ox¢o"")(2 15628 x105Xo, £50)
® 2.212538 29949 x5,y
x 2.24 x5
= 2.2up™" N
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Use the following information to answer Q23:

Three Types of Vector Fields
I - Electric
Il - Gravitational

Il — Magnetic

Q23: An electron is moving through empty space at a constant speed. The vector fields for which the

electron is a source are
Hhs 055, 50

a) land llonly s Chase, 55 E
b) 1and li only
c) Mand Il only

@D 1,1, and m

/“/OVFrB Chcr‘;z, 50 g

Use the following information to answer Q24:

— — — — - — -

(®Position N

Position M

+ + + -+ + + +

Q24: A positively charged object is moved from Position M to Position Nin a region between oppositely
charged parallel plates as illustrated above. As a result of this change in position, the

a) Electric force on the object has increased /\Ia,u,! Gostent! 1€ =
b) Electric force on the object has decreased
c) Electric potential energy of the object has increased

@ Electric potential energy of the object has decreased - (oavated  a Ex”?

o E—:zg

N
i



- AeyR

A= 0Y%? s et = ON
Q25: An oil drop with a mass of 7.20 x 10°%¢ kg moves upward at a constant speed of 2.50 m/s between
two horizontal, parallel plates. If the electric field strength between these plates is 2.20 x 10* V/m, the

magnitude of the charge on the oil drop is a.b x 10’ C, where a, b, ¢anddare__ ,_ ,  and

(Record your four digit answer in the Numerical Response boxes below)

221 Ta ?7’51 B =

2/51 = My i(z.zomo"’) : (?.Zowo"‘)(%{
: 9 = 3.2x107¢

\L L
AR (oc Ze)

Use the following information to answer Q26:

Two parallel plates are 0.45m apart, with a Potential Difference of 13.5V, as shown below. An
electron is fired horizontally at 2.4 x10°> m/s through the plates

+

< 0.15m —>

Q26: As it passes through the plates, it experiences a vertical deflection of m.

(Record your four digit answer in the Numerical Response boxes below)

=N .5
| ]« |1O]3 @ /L‘,' -;‘3—:( 2 éj-tg - BO’J/C
@ F"ZE = (160 x107'%)(30) = ;{_gx,o"@A/
@ a = Kt YBxp -t o
s AUl 5.2689 35236 wapo ~MY/,2
X-(de i
Vi = S x ;—#—L N
o d~v;t f‘;"a‘t
.a\2
2.9%p° : ot.lS = '7!,(5.2689... xfo'z)(é-zsxlo 3)

o © 1.0290889 (3 284
£ 4.25x10 S 2103
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Use the following diagram to answer Q27:

®

Q27: A positively charged object of charge +q and a negatively charged object of charge —q are placed
equal distances from a point, P, as per the diagram above. The electric field at point P is:

) @\
AN 4

Q28: Two charged spheres, separated a certain distance, attract each other with an electrostatic force of
8N. What will be the new force if the charge on both spheres is halved and the separation distance is
halved?

§ o Relute g Feos KG9 Xd9) | 34y,
b) 4N : CA )* E z
(@ &N = %

d) 16N g
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Use the following information to answer Q29:

Acceleration Plates in a Mass Spectrometer

Square of Ejection Speed, v?2

Accelerating Voltage, AV

Q29: Which of the following expressions best describes the slope of the graph above?

() %q b. sz C. ﬁ d. %
Accelasoric, Plodes %fﬂv Q_AU J)AV LS
EP - Br f 22 AV
24V > Feov® e Y Gl x + b

Q30: Two parallel plates are 0.50m apart. The magnitude of the uniform electric field is 2.5x10° N/C. If
an electron is pulled to the far right terminal and released, then the electron is moving at a.be x 10° m/s
when it strikes the left terminal, where a, b candd are . ] ,and .

(Record your four digit answer in the Numerical Response boxes below)

- =, /QV
9AV = Feoy* 25x0% = 2
AV = ) 2606 v

(16050™X1250) = s (di1xip?) , >

v= 2 095‘//86 x/() N')/ﬁ
x 2.10%10Y m
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Use the following information to answer Q31:

A positively charged ion travels through a region that contains perpendicular electric and magnetic
fields. The ion passes through the region undeflected at a constant speed.

Nepatively charged plate

[

Region containing perpenditular

clectfrand magnetic fighds 2
- El
2

7 1 + Undetiected puth of positive jon
T Fe
= +

S "R, ~S, = )
Positively charged plate

Directions
K AT : 7 x9
- 5 6 -
\ 4 A‘ +{

Q31: Match the numbers on the directions given above with the descriptions given below.

Direction: T D | 5 J’é QQ &

Description:  Direction of the Direction of the Direction of the Direction of the
electric force on electric field in the magnetic force on magnetic field in
the ion region the ion the region

(Record your four digit answer in the Numerical Response boxes below)

51516
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Use the following information to answer Q32-34:

Top view of a Cyclotron

AC voltage

fX Bin

A uniform magnetic field of 3.40mT is directed into the page. At an instance in time, the electric field
between the plates is directed downward.

Q32: At the instance shown above, a

i__ particle is currently at__ii

i

i

Megrehe Sield jado pase, 4 perticle

o

™must ke positive.

A Psitica T Brcavse that (5 wolare

Positive Position I
B. Positive Position I
K | Negative Position 1
M | Negative Position 11

+He é'\:m\é roould  accelarede 14
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Q33: If a proton were travelling at 7.50 x 10° m/s while at Position 111, and the potential difference
between the plates is 6.25 x 10’ V, what is the speed of the proton while at Position IV?

a. 7.50x10°m/s

(® 8.26x10°m/s
kB

c. 1.67x10°m/s OVt - 94AV > o’

7
d. 148x10"m/s 3(1.67x/072* ) (3.50%05) %, (160%D79)(6.25x10%) = 4 (167w°
Vg = 8.25990 x/55 A

Ex; + Ep;, — Ekg

Q34: If the proton is at Position IZI and travelling at 7.50 x 10° m/s, the radius of curviture is

-3
a. 1.26x101m F'('\,); FZ
b. 434x10"m
O 230m 948 = o
. (5
d 460m

([5 (ERY S @A?wo'?")(‘—?jox.os)

s 220
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Use the following information to answer Q35:

fields.

AW | 2\

the fields (region 8).

The Venn diagram below can be used to compare gravitational fields, electric fields, and magnetic

Venn Diagram?* of Fields

Gravitational ficld

Electric ficld
/ f/’“— _\”'--..,‘\\ v /.w"“' "V—w-h“"\ / J
~ -
/’ /4’ N, \\\
\ / 4 P \‘-, .
2 ,:\ \4

/ /
(D« e )

| . ]
g‘:, 3 / [\N/)
\, (z’ 8
\\. ) / L $ p/
T
Magnetic ficld 7

*In this Venn diagram, the numbered regions represent aspects of fields that are unique to one field (regions 1, 2, and 3),
shared by two of the fields (regions 4, 5, and 6), shared by all three of the fields (region 7), or are not an aspect of any of

T

+N

R N

Q35: Match the numbers of the regions in the Venn

Can be directed
toward the source

Number:
Description:

away from the
source

(Record your four digit answer in the Numerical Response boxes

6

7

512

Can be directed

diagram above with the descriptions given below.

-

5 8
Is inversely Is directly
proportional to the proportional to the
distance squared distance squared
Noge.
below) ‘é/ P

/‘/rj Sield waics
< /3.



