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220 — Y/orksheet — _Lorces and _fLields Zfnit Deview

LO1 - Electrical Interactions and Electroscopes

Use the following information to answer Q1.

A student places a positively charged sphere near a metal rod. Both are on insulated stands and

+ + e
4+ + :IX Y
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the rod is grounded.

Q1: The distribution of charge on the rod is

a. Positive at end X and electrons move off the rod into the ground

b. Negative at end X and electrons move off the rod into the ground

c. Positive at end X and electrons move onto the rod from the ground
Negative at end X and electrons move onto the rod from the ground
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L02 — Coulomb’s Law in 1-D

Q2: A spherical object of mass 0.35kg and charge +1.60uC is temporarily brought into contact with an
identical object of charge -6.00uC, then separated again. The objects are then separated to a distance of
2.00m. The electrostatic force of __i _ between the two spheresis __ii _N.

A | attraction | 1.09 x 10 \_q J

B | attraction |2.16x10”
@ repulsion 1.09 x 10™ @@
D repulsion 2.16 x 10

4 )

Fe~ k3.9, . (8990° Y 2.2%074)(2 25078
e~ k4q, . (8990 Y 2.2x:0°)(22%0™) = 0.60108#39 N

cz 20) 2
G = .06 N {rc(;ulswc_?

Q3: The force between two positive charges that are 5.0 m apart is 1.8 x 10 N. If one charge is twice as
large as the other charge, the magnitude of the smaller charge is

a. 2.5x10MC Fe = k@»)(za,)
b. 5.0x10™C *
(© 5.0x10°cC ).8x107% = (89%/00')(22,2)
d. 70x10°C 52
9 2 250290

Q, = 500’(!0 -6 C

Q4: Coulomb started with two identically charged spheres separated by a distance r. The force between
the spheres was F. If he changed the separation to gr, then the force between the spheres would have

become
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Use the following information to answer Q5:

Two charged spheres are positioned on a horizontal, frictionless insulating surface, as shown below.

Sphere 1 Sphere 2
g,=+5.00x 107 C g, =+5.00x 107 C

H

H S 3 : R
m,=1.60x 107 kg m,=150x 107 kg
[ 1.25m -

Q5: In the arrangement above, the magnitude of the instantaneous acceleration of sphere 2 will be

a. 1.20x10% m/s? R-l,9, _ (8490 )(500x0 *)5.005077 )
b. 1.12x 10" m/s? = - =\ 2

9.59 x 10" m/s? - Q'b)
d. 8.99x10%m/s’ s 65.00143& A

_ 3 -2
asfot . QOO L g sgx0 02
™ ).50%10 "%
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L03 — Coulomb’s Law in 2-D

Use the following information to answer Q6.

Two identically charged objects are placed near a point, P, as shown below.
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Q6: Which of the following free-body diagrams, drawn to scale, illustrates the electrostatic forces acting
on a positive test charge placed at point P?

A, -f——-—I B.

@«‘- z D. 1
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L04 — Coulomb’s Law Examined Graphically and Algebraically

Use the following diagram to answer Q7:

The electric field strength of an unknown charge is measured at various distances from the
source. The data is linearized and plotted below.

Electric Field Strength of an Unknown Charge

g &
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Q7: Using the graph above, what is the magnitude of the unknown charge?

1.50x10%° ¢ E-Q«L};'; e

b. 2.36x10°C

-1
c. 550x107C 5{0@ - kg
d. 1.35C

;3_3‘_8_. - g 7"09
28 - (897 )e

g = 1.50x0™"°¢C.
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Q8: Which of the following graphs represents the relationship that Coulomb determined between force
and the distance between two charged metal spheres?

A,

LO5 — Electric Fields

B.

ﬁ‘
N

Use the following information to answer Q9:

Vector Fields

v/ | Gravitational
4

* 1l Magnetic

Electrical

Q9: Which of the vector fields above are produced by a charged particle at rest?

a.

n@ I'and Il only

I'and Ill only
Iland Il only

C.
d.

Hes mass . Hes chaise. Not movﬂng?
Hlens g Hes E e
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Use the following information to answer Q10:

Four point charges are arranged as shown.

9 ¢ ~12uC
1.0m
i
9 @ +3.0uC
1.0m
+ 5.0 pC +50uC
®—1.0m-~ 10m—»
s P 14

Q10: The magnitude of the net electric field at point P due to these four point charges is

a. 5.4x10*N/C Shoct {’ldhoa

b. 4.5x10%N/C = R

c. 27x10°N/C Ey end Ey cenal each ofhkr ovt.

(2“7.52 L’rz
50 l:-z', and Ez cencel eacln otler out.
Net E-fiad i3 2.
M

2 - %% 02 -6

HE (84 /oz)z(/z;uo | PR — v L]

/EZ{ E [g'qqxloc’ys)(lo-s) z 26,01?0 h//( [(Aow(\]

,?.

/Eg[ - (S’.OIQxloé’)(&qo‘é) > Y 950 [tfj)‘t.]
{'L

/Eq/ s (&%XIOC')C';.OX(O") - 4¥, 950 e [14{43
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LO7 — Parallel Plates

Use the following information to answer Q11-Q12 and Q18:

One of the methods used to link a person to a crime scene is DNA fingerprinting. DNA
fingerprints are as unique as the patterns on fingertips. The laboratory procedure used to
produce a DNA fingerprint is called gel electrophoresis.

The apparatus used in gen electrophoresis consists of two parallel plates that have an electrical
potential different between them. A layer of thick gel is placed in the region between the
parallel plates such that the electric field direction is parallel to and inside the layer. In one
step in creating a DNA fingerprint, molecules from a sample are given an electrical charge
turning them into ions. These ions are placed at one end of the gel layer next to the negatively
charged plate. As a result of the electrostatic repulsion, the electrical force does work moving
the ions through the thick gel. lons with a smaller size or a larger charge move farther through
the gel layer.

Negatively charged plate

Positively charged plate
Gel

Q11: As an ion moves toward the positively charged plate, the magnitude of the electrical force
experienced by the ion

o Pc_ro,l[a, plo:\C/ »
JEl= &Y

a. Increases as the distance decreases
Is constant as the distance decreases
c. Increases as the square of the distance decreases

40 i5 (onsreat .
d. Decreases as the square of the distance decreases

IF= q/El,
40 et 5 alse constent.



N Vey R

Q12: The magnitude of the electric field between the plates, expressed in scientific notation, is a.be x
109 N/C. The values of a, b, ¢, and d are , , , and . (1 mark)

(Record your four-digit answer in the numerical-response section on the answer sheet.)

=)_ 4V .00x10™

x 2.00%!03 %

Q13: The direction of the electric field between two charged, parallel, metal plates is shown by

@-{-—%m- B |-
+ . - + - -
+ - + -
+ - - + - -
+ - - + - -
C,+ _ D.+ _
+ - + _
Hy oyl I
+ — + -
+ - + -
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Use the following information to answer Q14-Q15:

Thundercloud

Q14: If the bottom of the cloud is relatively negative and the surface of Earth is relatively positive, then
the direction of the resulting electric field, along line XY, can best be pictured as

A

X
Y
Y
C D.
X X

e}
et

Q15: Assume the bottom of the cloud and the surface of Earth are parallel and that they are separated
by a distance of 2.00 km. If a potential difference of 5.00 x 10° V is created between the bottom of the
clouds and the surface of Earth, the magnitude of the electric field created is

. 8
2.50x 10°V/m B~ &Y - 20O . 250,000 ¥
2.50x 108 V/m 2x103

b.
c. 1.00x10°V/m
d.

% 2.50KD° N
1.00 x 10 V/m
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LO8 — Parallel Plates and Projectile Motion

Use the following diagram to answer Q16:

Two horizontal plates are separated by a distance of 5.00 cm. A beam of electrons is directed,
horizontally, into the region between the plates. The path of the beam is deflected as shown
below. Electrons in the beam have a speed of 9.00 x 10° m/s as they enter the region
between the parallel plates. The electric field strength in the region between the plates is

3.10 x 10° N/C.

Positively charged plate

2.00 cm
Pathof e
electron beam T 5.00 cm
m-.q.l)m()'&)ﬂ 3.00 cm
g~ 1.60m0™ C

Negatively charged piate

Note: This diagram is not drawn to scale.

Q16: The horizontal distance travelled by an electron in the beam in the region between the horizontal

plates is cm.

(Record your three-digit answer in the numerical-response section below)

(D> &= 30000 Y

Fl .| F] @ IF/ 9lEl > (1.60x167)(3.16x03) * Y.%xi0 " u
-6
3 = et 'iﬁél‘lf?_" - yu - "{M/:_
O a - 20 0 S 4956691054 <16 5

3-comp
x—(omQ

d: 200%67%m

o= 54YY5.. xR Ve N ® .d:*

Vez O 0’)3 ) -q)
27 J< (ﬂ.oosqo")(sz 52...%x10
d=Vipa oot ® Ay = 3.714993 0828 x10" %
Zooxets (5445, w0 dx % FH ce

£+ 3. 346 %7... wio™'?

L= §59133256875%0 s
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LO9 - Parallel Plates and Conservation of Energy

Use the following diagram to answer Q17

Two oppositely charged parallel plates are separated by 0.20 m and have an electric potential
difference of 1.20 x 10° V across them. Locations I and Il are in the region between the two
plates, as shown below.

s

0.20m 0.16 ,;, 1.20 x 10°V

-4IF

H
H
H

Q17: The work required to move an electron from location / to location Il is a.b x 10 J, where a, b, c,

and d are § , , and

(Record your four-digit answer in the numerical-response section below)
EASY MeTHoD
e —————

A€p
5 -\/ el
N - A S N 1
AEP:. 1A\/ = (l.‘OXlOQW'X/-QO*(O3>
HMD ["ETHOQ = [qleo’lé_r
a0
/E/:%: %—Q{—'Q C;()‘(.\—S 'C('OM = 4'0—77-7_ 15 8070 of *"é éb“mce,

%0 tequices 80f of e veck,
JEl = booO Y z

Bot of 192x0°%x : 53607 T
JEE g)EL = (160106000 | = 50"y
z 960 %1046/‘/
NEER
% ("1.60 xio 16 )(0-’6)

).536 x 0716 5
~ 1.hxio ¢ 1

A
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Use the following information to answer Q11-Q12 and Q18:

One of the methods used to link a person to a crime scene is DNA fingerprinting. DNA
fingerprints are as unique as the patterns on fingertips. The laboratory procedure used to
produce a DNA fingerprint is called gel electrophoresis.

The apparatus used in gen electrophoresis consists of two parallel plates that have an electrical
potential different between them. A layer of thick gel is placed in the region between the
parallel plates such that the electric field direction is parallel to and inside the layer. In one
step in creating a DNA fingerprint, molecules from a sample are given an electrical charge
turning them into ions. These ions are placed at one end of the gel layer next to the negatively
charged plate. As a result of the electrostatic repulsion, the electrical force does work moving
the ions through the thick gel. lons with a smaller size or a larger charge move farther through
the gel layer.

Negatively charged plat

i
A1
iy

e (3 ) Y ]

2.00 x 10? V =F~

Positively charged plate
Gel

Q18: In forming a DNA fingerprint, a particular ion has been moved 3.00 cm through the gel. The
magnitude of the charge of the ion is 2e. The work done by the electrostatic force to move the ion this

distance is O ?,00’,

2
@ 1.20x10%ev JE)= & = 2ZLOXO". 2000
b. 1.20x 10} 2l
c. 4.00x10%eV IFF 9l81 = (2<160m07%X(2060) = 4 4oun "N
2
d. 4.00x 10 W R s (640x070)(3.00%0%) = 1925077 T
17 —
L92x107"y  Jev . 120eV = 1.20x07 eV
' ).60x 07T

f&'ﬁ?oo 20

ABp= g4V = (2e)2.00x0% = Ho0eV
Movel 30% of #he vorj? 20% of the werk done.
ot of H00eV : 120V

1}
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Use the following information to answer Q19.

An electron is initially at rest at the negative charged plate. At the instant illustrated below,
the electron has 50.0 eV of kinetic energy.

i —

) v=215V

:‘0".‘

Electron

Q19: At any point along the path followed by the electron, the sum of the kinetic energy of the electron

and its electrical potential energy, in units of electronvolts, is eV. (1 mark)

(Record your three-digit answer in the numerical-response section on the answer sheet.)

2l 15 AEP=QA\/

(}e,)(ZlSV)
215eV

Ao porotel Aifene Rebvern ()\c.ks s 215 eV.
j{XHa\\:S this weold e 215V oFf IEP e 1%
ov & evanéw-lES o~k do 215eV ofF Bk

u

M dhe croeunk Agpickd  Bp > B + 8
215eV —> 50eV + |65eV
Bt the doid enefgy s sl 2150y .
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If the source of Earth’s magnetic field were a bar magnet, then the best diagram to show this field

Q20

would be
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Q21: Which of the following diagrams best illustrates the magnetic field near a wire that carries an
electron current out of the plane of the page?

A. B.

© D.
@

Use the following information to answer Q22:

A negatively charged rubber rod is moved from left to right.

Q22: The magnetic field induced around the rubber rod as it moves is represented by

I i W
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Use the following information to answer Q23:

The graphic below shows a compass to the left of an electromagnet. The

compass needle is not visible on this diagram.
&

Compass Electromagnet

Positive Negativ

erming

Q23: Which of the following diagrams represents the orientation of the compass needle in this
situation?

A.

Points i A reckion
of Reld lives
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L13 - Motor Effect on a Point Charge

Use the following information to answer Q24and Q34:

A scanning electron microscope (SEM) is a ?—-—-\ Electron gun
microscope that uses a beam of electrons rather

than visible light to produce images of
specimens.

Description of the Operation of an SEM

Electrons are accelerated from the electron gun
to the anode. The electric potential difference
between the electron gun and the anode
accelerates the electrons to a speed of 2.65 x
10" m/s. After this acceleration, the electrons
pass through an opening in the anode and enter
the magnetic lens.

The magnetic lens focuses the beam of
electrons. A particular electron experiences a
magnetic force of 3.31 x 10™ N while in the
magnetic lens. As a result of this magnetic force,
the path of the electrons spirals and the beam
of electrons become focused.

Scanning coils deflect that beam of electrons
back and forth across the specimen.

Some electrons from the beam reflect off the
specimen at the same speed at which they hit.
The backscattered electron detector picks up
these electrons. These backscattered electrons

provide information about the composition and
surface characteristics of the specimen. Ve 265 %07 %Yy

- i3
The electron beam causes the specimen to emit Fon = 3.5140™w
electrons from its surface. The secondary Me= AUl xo "3 kg
electron detector picks up these electrons. ze = 160X @

Information collected from the scattering coils
and the two detectors is sent to the image
processor. This processor produces a three-
dimensional image of the specimen.
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Q24: The magnitude of the magnetic field in the magnetic lens, expressed in scientific notation, is
x10™T.

(Record your three-digit answer in the numerical-response section below)

Feo = QOB
Fl.]18]! (33|x10“‘2> (,/60*10"%)(265%:0:“)\6(

|Bl = 0.786 6603373358 T
~ A.8Ixio" T

Q25: The diagrams below show the direction of the magnetic field relative to a set of coordinate axes. A
L.H.R. negatively charged particle travels across the page in the positive x direction. The magnetic

Pl i)

configuration that will cause the particle to bend in the positive z direction is

A. B.

<l

0,

Tw&x
4

Q26: An electron moving at 2.5 x 10’ m/s perpendicularly through a magnetic field of 0.60 T experiences

an acceleration of

a. 1.5x10"m/s Foo > v B/ ;
b. 4.2x10" m/s’ = (16O x0T TY 2.5107)(060)
2.4x10"® m/s’ = 240%06 "t A
2.6x10" m/s’ 7
‘ a: _E—SD.e'L - 2"{0)((0 - 2,63"(0“9’(‘0/7-

™M A x0 ">
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Use the following information to answer Q27:

Moving electrons can be deflected by electric fields, gravitational fields, and magnetic fields. One
electron is allowed to enter each type of field, as shown below.
) ® Represents field out of surface
Field 1 ,
_ . X Represents field into surface
€ E
P . Field 2
e
3
S .
o, o i N
e e v,
Field 3
e -
3

Q27: If the electron is deflected downward in each field, then field 1, field 2, and field 3 are,
—_—
respectively,

@ Electric, magnetic, and gravitational
b. Gravitational, magnetic, and electric
c. Magnetic, gravitational, and electric
d. Magnetic, electric, and gravitational
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114 — Motor Effect on a Wire

Use the following diagram to answer Q28:

A styrofoam cup is placed on a scale, and the scale is initially zeroed out. When the power
supply is turned on, a magnetic field of unknown strength influences 3cm of a wire with a
current of 1.25A, creating a downward force. The scale reads 0.12 grams.

Q28: The strength of the magnetic field acting on the wire is a.bc x 107 T, where a, b, ¢, and d are ,
, , and

(Record your four-digit answer in the numerical-response section below)

Addibonal  Aownwetd 4_‘“(@')
Nod 3(0.\/\'43 (Mb 6@.&-—), acJ\)&l(J Fe

2114 |2

i | e

L) FE 5 m\\i ) NN
rog 5 peally T8
(012x073)2.81) = (125 3000 D B/

/B/= 6.031%92 T
~ 3 1Yx 07 T
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Use the following diagram to answer Q29:

A styrofoam cup is placed on a scale, and the scale is initially zeroed out. When the power supply is
turned on, a magnetic field of unknown strength influences cm of a wire with a current of 2.50 A,
creating a downward force. The scale reads 0.16 grams.

Q29: The strength of the magnetic field acting on the wire is a.bc x 10 T, where a, b, ¢, and d are )

]

,and

(Record your four-digit answer in the numerical-response section below)

2

O

qQ

2

“Adibvnal (ess” dve b downuocd K B e.cm\(x
dve b .

4o mis;q-)apnké NS i5 O\CA”JB T3/
Mg = /B8]
(016x5>X9.80) = (250)(3.00x07%)] 8l
|B/= 6.020728 T

s 20928 o T

= 2,o°tx/o'2 T
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Use the following information to answer Q30:

Electrons flow in the direction indicated through a copper conductor located
midway between the poles of a horseshoe magnet.

conductor

B horseshoe
magnet

yoke of the
horseshoe
magnet

Q30: If the conductor is free to move, it will be forces

a. Toward the S pole of the magnet
b. Toward the N pole of the magnet

(© Downward, toward the yoke of the magnet
d. Upward, away from both poles of the magnet

Q31: A 0.50 m length of copper wire is perpendicular to a magnetic field that has a strength of 0.30 T.
When a magnetic force of 4.0 N acts on the wire, the current in the wire is equal to

27 A Fo = LB
b. 2.4A (4o) = = (05)X06-%)
c. 0.60A

d. 0.15A T 268 A
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L15 — Motor Effect and Circular Motion

Use the following diagram to answer Q32-Q33:

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.

B.Oox0"eV | LbowO™ =
\ leV

beant ) 2 v < 5(1.(,?“0‘”)\/‘
. ).5329... %0"
V= 3001523, w1080y

High-frequency
power supply
Ernest Lawrence was the first person to use a cyclotron. His cyclotron accelerated protons to a
P - ae

maximum energy of 8.0 x 10* eV. With this energy, the protons moved in a circular path with a
radius of 6.5 x 10 m.

Q32: The magnitude of the magnetic field used by Lawrence was

4 Feo = Fc
a. 3.4x10*T 9B * vt
. 13x107°T = 0
@ 6.3x107°T (/.GOXIO"'C')B = (Léqxlo-la)(?;.ngZ?.., x 10
1.6x10°T 6.5 %1672
|B) = 6.6289 T
= 4567 T

Q33: The direction of the magnetic field is__i _, causing a force directed __ii__ on the proton.

i ii
upward towards the center

upward wayfromthecenter

downward | towards the center

downward |awayfromthecenter—
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Use the following information to answer Q24 and Q34.

A scanning electron microscope (SEM) is a microscope that uses a beam of electrons rather than
visible light to produce images of specimens.

Description of the Operation of an SEM

Electrons are accelerated from the electron gun to the anode. The electric potential difference
between the electron gun and the anode accelerates the electrons to a speed of 2.65 x 10’ m/s.
After this acceleration, the electrons pass through an opening in the anode and enter the magnetic
lens.

The magnetic lens focuses the beam of electrons. A particular electron experiences a magnetic force
of 3.31 x 10™ N while in the magnetic lens. As a result of this magnetic force, the path of the
electrons spirals and the beam of electrons become focused.

Scanning coils deflect that beam of electrons back and forth across the specimen.

Some electrons from the beam reflect off the specimen at the same speed at which they hit. The
backscattered electron detector picks up these electrons. These backscattered electrons provide
information about the composition and surface characteristics of the specimen.

The electron beam causes the specimen to emit electrons from its surface. The secondary electron
detector picks up these electrons.

Information collected from the scattering coils and the two detectors is sent to the image processor.
This processor produces a three-dimensional image of the specimen.

Q34: The instantaneous radius of the resulting spiral of the electron’s path in the magnetic lens is

a. 5.17x10°m V= 2.65x107 W/

b. 3.54x10"m Fo: 3310200

© 1.93x10"m M= %0 iy

d. 7.29x10"m 9w 160x6™ ¢
Fr = Te

(331:p""2) = cov?
\8

2
c: ov: _ (auxo™ Y 2.65x0%)
(331x6™"™) (3.31x0™%)

c: ),0/_%‘)(!0'Li M
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L16 — Motor Effect, Generator Effect, and Mass Spectrometer (and Lenz’s Law)

Use the following diagram to answer Q35:

A copper ring is suspended by insulating string. The north pole of a bar magnet is brought
toward the ring.

* Copper ring

The approaching magnet induces an electron flow in the copper ring. The interaction of the
magnetic effects of the induced electron flow and the bar magnet causes the ring to swing.

Q35: The ring swings __i _ the magnet and the electron flow at point P is toward the __ii of the page.

Row |i i

A away from top

B away from bottom
C toward= top

D teware= bottom

Q36: A beam of alpha particles is directed with a horizontal speed of 2.0 x 10’ m/s into a mass

spectrometer that has a vertical magnetic field strength of 3.0 T. What is the radius of the path of the

beam in the spectrometer?

Fm = Fe
a. 0.072m B - -
(® 0.14m -
c. 0.28m 8= v
d. 72m 9 -

(o onv . (645%027)Y20%07)
93 (2x16oxi109)(3 .0)

2 0.1385m
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Q37: An alpha particle passes without deflection through perpendicular electric and magnetic fields. The
magnitude of the magnetic field is 2.20 x 10” T. The electric field is maintained by a 3.00 x 10* V
potential difference across plates that are 4.00 cm apart. The speed of the alpha particle is

a. 7.50x10°m/s Feo = Fe
b. 1.36x10°m/s o= oIE|
c. 1.20x10°m/s A . %A\/
(@) 3.41x10°m/s viBl = vy
- <3.00er7')
v(?. 20%1072) = (4.00%x1072)

V*© 340,909 s
ve Yl xo s

L17 — Millikan Oil Drop Experiment

Use the following information to answer Q38:

+ ¢ 4+ + + 4+ 4+ 4+ +

'
charged qE
Sphere d=10Xx10"m
ng
\

In the diagram a small sphere of mass m hand charge g is suspended between two charged
horizontal plates. The potential difference V across the plates is 2.1 x 10° V.

Q38: If g = 2 elementary charges, then mass m is

a. 6.7x10™kg }'i: ¥q
(6) 6.9x10™ kg 9JEl = g
c. 3.4x10"kg AV
d. 6.9x10" kg g =4
(2.0 x1bowi™) (2.1 x16>) . w(a)
(1.0%10°%)

M= (.85 X'O—’S)Zj
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Q39: An oil drop of mass 6.6 x 10™ kg is suspended in an electric field of 2.0 x 10° N/C between
horizontal plates that are 4.0 x 102 m apart. The number of excess electrons on the oil drop is

3 e

c. 5 i“:;/ ) rﬁ

d. 20 1(2_Owoe) = (6.6 x/o“”)(‘tel}
—-I‘iC

q > 3.23°33 %0
q - 20233125¢ 7 Nope.
q.z 2@ eXOC’LU-

o § A

Q40: An oil drop with a mass of 3.33 x 10™ kg is suspended between two large horizontal plates that are
1.00 x 10 m apart. The potential difference between the plates is 4.08 x 10° V. The number of excess
electrons on the oil drop is

a. 4 re - @

® s

c. 6 El= ™

d 8 il =
2 o

4.08x0%) - (33 3X,D-'5)(9.81>
(I.OOXID"Z)

9> §.00669... xi0™c

g’—‘-b'e



