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D1 ELECTROSTATICS

D1 ELECTROSTATICS

D1-RTO1: ELECTROSCOPE NEAR A CHARGED ROD—ELECTROSCOPE NET CHARGE

A charged rod is brought close to an electroscope that is initially uncharged. In Cases A and B, the rod is positively
charged; in Cases C and D, the rod is negatively charged. In Cases A and C, the leaf of the electroscope is deflected
the same amount, which is more than it is deflected in Cases B and D.

A B Cc D

Rank the net charge on the electroscope while the charged rod is near. (The net charge will be a negative
value if there is more negative than positive charge on the electroscope.)

OO

| 1 2 3 4 All All Cannot |
| Greatest ~ Jeast = thesame zero determine!

Explain your reasoning.

D1-RT02: TRANSFER OF CHARGE IN CONDUCTORS-—CHARGE ON LEFT CONDUCTOR
Two identical conducting spheres are shown with an initial given number of units of charge. The two spheres are
brought into contact with each other. After several moments the spheres are separated.

Rank the charge on the left sphere from the highest positive charge to the lowest negative charge after they
have been separated. (Note that —6 is lower than —2).
| oo [ ][] |]

1 2 3 4 All Al Cannot |
Greatest . Least  thesame _ zero determine,

Explain your reasoning.
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D1-RT03: INDUCED CHARGES NEAR A CHARGED ROD—NET CHARGE
A charged rod is moved to the same distance from a pair of uncharged metal spheres as shown. The spheres in each
pair are initially in contact, but they are then separated while the rod is still in place. Then the rod is removed.

G OC

Rank the net charge on each sphere from most positive to most negative after the spheres have been
separated and the charged rod removed.

1 2 3 7 5 6 All Al Cannot |
. Greatest . least  thesame zero determine|

Explain your reasoning,

D1-WWT04: CHARGED INSULATOR AND A GROUNDED CONDUCTOR—INDUCED CHARGE
A charged insulating sphere and a grounded conducting sphere are initially

far apart. The charged insulator is then moved near the grounded conductor

as shown. A student makes the following statement:

“When the charged insulator is brought close to the grounded conductor, it

will cause the negative charges in the conductor to move to the side closest

to the insulator. If the charged insulator is taken away, the conductor will

be left with a negative charge evenly distributed over its surface.”

What, if anything, is wrong with this statement? If something is wrong, explain the error and how to correct
it. If the statement is valid, explain why.
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D1-QRTO05: THREE CONDUCTING SPHERES—CHARGE
Two conducting spheres rest on insulating stands.
Sphere B is smaller than Sphere A. Both spheres are
initially uncharged and they are touching. A third
conducting sphere, C, has a positive charge. It is

brought close to (but not touching) Sphere B as shown.

Sphere A | Sphere B

(a) Is the net charge on Sphere A at this time (i)
positive, (ii) negative, or (iii) zero?
Explain your reasoning.

(b) Is the net charge on Sphere B at this time (i) positive, (ii) negative, or (iii) zero?
Explain your reasoning.

(c) Is the magnitude of the net charge on Sphere A (i) greater than, (ii) less than, or (iii) equal to the magnitude of
the net charge on Sphere B?

Explain your reasoning.

Sphere B is now moved to the right so that it touches
Sphere C. As a result of this move:

(d) Does the magnitude of the net charge on Sphere
A (i) increase, (ii) decrease, or (iii) remain the same?

Sphere A Sphere B

Explain your reasoning.

(e) Does the magnitude of the net charge on Sphere C (i) increase, (ii) decrease, or (iii) remain the same?
Explain your reasoning.
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D1-WWT06: UNCHARGED METAL SPHERE NEAR A CHARGED RobD—CHARGE DISTRIBUTION
A student observes a demonstration involving an interaction between a
neutral metallic sphere suspended from a string and a negatively
charged insulating rod. The student makes the following statement:

“As the negatively charged rod nears the sphere, it causes the elecirons

in the sphere to move away from the rod. The side of the sphere nearest  Insulating Neutral

fo the rod becomes positively charged while the other side becomes rod conducting
negatively charged. So the sphere will be attracted toward the rod. If sphere
they touch, the sphere will swing back since they will both become

neutral,”

What, if anything, is wrong with this statement? If something is
wrong, explain the error and how to correct it. If the statement is
valid, explain why.

D1-SCTO07: CHARGED ROD AND ELECTROSCOPE—DEFLECTION

A positively charged rod is brought near an electroscope. Even though the rod
does not touch the electroscope, the leaf of the electroscope deflects. Below, three
students discuss this demonstration.

Amadeo:  “There are positive charges that jump from the rod to the plate of the
electroscope. Since the electroscope is now charged, the leaf moves
out.”

Barun: “Charges don't have to move from the rod to the plate to deflect.
When the rod comes close, electrons in the electroscope move toward
the plate. This leaves the bottom of the electroscope positively
charged, and the leaf lifis.”

Carmen:  “Positive charges are fixed in place. When the rod is brought close to
the electroscope plate, the electrons in the plate are attracted and
Jjump to the rod. This leaves the electroscope positively charged, and

the leaf lifts.”
With which of these students do you agree?
Amadeo Barun Carmen None of them

Explain your reasoning.
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D1-QRT08: CHARGED ROD NEAR ELECTROSCOPE—CHARGE

A student first holds a positively charged rod near the top plate of an electroscope
without touching it. The electroscope foil deflects. The electroscope was initially
uncharged.

(a) Is the electroscope now (i) positively charged, (ii) negatively charged, or (iii)
neutral.

Explain your reasoning,.

She then touches the electroscope plate while keeping the positively charged rod
near the plate. The electroscope foil falls back to its undeflected position.

(b) Is the electroscope (i) positively charged, (ii) negatively charged, or (iii)
neutral,

Explain your reasoning,

While holding the positively charged rod stationary, she removes her hand which is touching the
electroscope. Finally, she removes the charged rod.
(c) Is the electroscope (i) positively charged, (i1) negatively charged, or (iii) uncharged.

Explain your reasoning.

(d) Will the electroscope foil be (i) deflected or (ii) undeflected?

Explain your reasoning,
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D1-QRT09: Two CHARGES—FORCE ON EACH
In each case shown below, two charges are fixed in place and are exerting forces on each other.

For each case, draw a vector of appropriate length and direction representing the electric force acting on each
charge due to the other charge. Draw the vector representing the force with the length proportional to the magnitude
on the left charge above that charge; and draw the vector representing the force with the length proportional to the
magnitude on the right charge below that charge (see the example). For each diagram, use the same scale as the
example.

(a) ¢+2:Q oo
(b) T e (@) —2tQ +Q¢
©| o0 | w0 )
o [T T 1T [ 620 | 406 | | )
© 60 1] ] s00 I
O | | | 1 | e2 | | | | | wee | | | 5

Explain your reasoning.

D1-WWT10: Two NEGATIVE CHARGES—FORCE
Two negatively charged particles are separated by a distance x. The particle on the left has a charge —Q which is
three times the charge —¢ of the particle on the right.
-0 -
&}

SRR

“Since F = kQq/x’ and Q and q are both negative, the force on Q will be positive. Therefore, the force on Q points to
the right.”

A student makes the following statement:

What, if anything, is wrong with this statement? If something is wrong, explain the error and how to correct
it. If the statement is valid, explain why.
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D1-WWT11: Two NEGATIVELY CHARGED PARTICLES—FORCE

A student’s diagram for the electric forces acting on two negatively charged (—Q and —-4Q) particles is shown.
Particle A has four times the mass of particle B.

— —

FonAbyB ‘-Q, 4/71 —4Q, m FvanyA
§——0
Particle A Particle B

What, if anything, is wrong with this diagram? If something is wrong, explain the error and how to correct it.
If the diagram is valid, explain why.

D1-RT12: Two ELECTRIC CHARGES—ELECTRIC FORCE
In each figure, two charges are fixed in place on a grid, and a point near those particles is labeled P. All of the
charges are the same size, O, but they can be either positive or negative.

e T SRV

E i i ! . 1'
+0 -0 P ||l € P +Q || +2 +0
| | | o | |

P

{

|
]
o | "' | e 3

Rank the strength (magnitude) of the electric force on a charge +¢ that is placed at point P.

o (][] [

| 1 2 3 4 All All Cannot |
| Greatest Least  thesame  zero determine|

Explain your reasoning.
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D1-RT13: PAIRS OF POINT CHARGES—ATTRACTIVE AND REPULSIVE FORCE
The following diagrams show three separate pairs of point charges.

A B C D E F
+2¢g -4q +2qg -2 +3q +3q
I X > -— Xx/2 x

Rank the force on each point charge from most attractive to most repulsive.

ox [] [] []

5 3 2 5 § All Al Cannot |
| Greatest , , . Least  thesame zero determine|

Explain your reasoning,

D1-RT14: Two CHARGED PARTICLES—FORCE
In each case, small charged particles are fixed on grids having the same spacing. Each charge ¢ is identical, and all
other charges have a magnitude that is an integer multiple of g.

A B C D

q —4q q +8¢

Rank the magnitude of the electric force on the charge labeled ¢ due to the other charge.

ox [ 1 [1 [

T ) 3 7 Al Al Cannot |
. Greatest N ~ Least the same  zero  determine|

Explain your reasoning,

O

+4q

!
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D1-TT15: Two CHARGED PARTICLES—FORCE
Shown below is a student’s drawing of the electric forces acting on Particle A (with charge +Q and mass m) and
Particle B (with charge +4Q and mass m).

— —

FanAbyB +Q, m +4Q, m FoanyA
~F—0 -
Particle A Particle B

There is something wrong with this diagram. Explain what is wrong and how to correct it.

D1-RT16: Two AND THREE CHARGES IN A LINE—FORCE
In each case, small charged particles are fixed on grids having the same spacing. Each charge g is identical, and all
other charges have a magnitude that is an integer multiple of ¢.

A B Cc D

() & ) () ()
~2q q +2q q +2q | ||{-2¢ q +2q||||+29 q

Rank the magnitude of the electric force on the charge labeled ¢ due to the other charges.
| OR

T 2 3 1 Al Al Cannot |
. Greatest  Least  thesame _zero determine]

i

Explain your reasoning,
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D1-RT17: CHARGED PARTICLES IN A PLANE—FORCE

In each case, small charged particles are fixed on grids having the same spacing. Each charge ¢ is identical, and all

other charges have a magnitude that is an integer multiple of Q.

A D 7
q 10
+4Q
B
+2Q qo c3+2Q E Oq
Cc
—2Q q +2Q +8QO

Rank the magmtude of the net electrlc force on the charge labeled q due to the other charges

—
. Greatest

Explain your reasoning,.

5
Least

ORD

All
the same

D1-BT18: THREE LINEAR ELECTRIC CHARGES—ELECTRIC FORCE

In each figure, three charges are fixed in place on a grid, and a point near those particles is labeled P. All of the

charges are the same size, Q, but they can be either positive or negative.

All

010

Cannot |

|

determine |

A B C D
+Q +Q +0 P || tQ+Q P+0 100 P+Q || +2-Q +Q P |
00 ox |l 00 X 0 0 0 X 0 | 00 0 X
| ‘i | I A oo
Rank the magmtude of the net electric f01 ce on a char ge +q that is placed at pomt P.
| or ] |
1 2 3 4 All All Cannot |
| Greatest Least the same  zero  determine|

Explain your reasoning.
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D1-QRT19: Two UNEQUAL CHARGES—FORCE

D1 ELECTROSTATICS

Shown below are two charged particles that are fixed in place. The magnitude of the charge Q is greater than the

magnitude of the charge g. A third charge is now placed at one of the points A~E. The net force on this charge due to

g and Q is zero.

(a) Both g and Q are positive.
At which point A-E is it possible that the third charge was placed?
Explain your reasoning.

(b) Charge q is positive and charge Q is negative.
At which point A~FE is it possible that the third charge was placed?
Explain your reasoning,

(c) Charge g is negative and charge ( is positive.
At which point A-E is it possible that the third charge was placed?
Explain your reasoning,.

(d) Both g and Q are negative.
At which point A-F is it possible that the third charge was placed?
Explain your reasoning,.
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TIPERs

D1-QRT20: THREE CHARGES IN A LINE I—FORCE
Three charged particles, A, B, and C, are fixed in place in a line. Charge C is twice as far from charge B as charge A
is. All charges are the same magnitude.

In the chart to the left below, use arrows (¢ or —) to indicate the direction of the net force on charge C due to
charges A and B. If the force is zero, state that explicitly.

In the chart on the right below, use arrows (¢ or —) to indicate the direction of the net force on charge B due to
charges A and C, If the force is zero, state that explicitly.

F on charge C SF on charge B
. A B C | Direction: A B C | Direction:

o O (¢} o O (&)

+ + 7 + 7 + + 7 +7 ’ 7 B
A B C | Direction: A B C | Direction:
o o 0 (o] (e} o]

ot = o ot -
A B C ' Direction: A B C | Direction:
0O O [0} O o 0

t - ot - LI N
A B C | Direction: A B C | Direction:
o O o] 0 O 0

- T t T i S
A B C | Direction: A B C | Direction:
o O 6} o (o} 0

-t * R S S ,
A B C | Direction: A B C | Direction:
o O (o] (o} 6] 0

-t - - T R
A B C | Direction: A B C | Direction:
o 0 (e o O (o]

-7 L ; -7 + o
A B C | Direction: A B C | Direction:
O O o O ©0 (e]

Explain your reasoning,
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D1-QRT21: THREE CHARGES IN A LINE ll—FORCE

Three charged particles, A, B, and C, are fixed in place in a line. Charge C is twice as far from
charge B as charge A is. All charges have different magnitudes.

D1 ELECTROSTATICS

o
Oty

For each of the following combinations of charge signs, determine whether it is possible
for the net electric force on each charge due to the other two charges to be zero.

Explain your reasoning,

1Oty +O% +0%

.
(e]
77+
A
o]
A
e
‘+
A B
(] Q
+ -
A B
o o
-
A B
o o
-t
A B
o o
A B
o o

10Oy +00y | 0(‘3‘+0Q§

10 +00y.

1l0q§+0<'3‘;

F on charge A
Must be nonzero[ ]
Possibly zero[ |
Must be ﬁonzei‘o[]r
Possibly zero[ ]
"Muét bé ndﬁiefolj
Possibly zero[”]
Musrt‘bé‘honz‘erb[:]

Possibly zero[”]
Must be nonzero[_|
Must be nonzeroD

Must be nonzero[_|

Possibly zero[_]
‘Mus‘t be nonzeroD 'fﬂMust be nonzero[]
Possibly zero[ ]
Must be nonzero[ ] | Must be nonzero[|
Possibly zero[ |

Possibly zero[_|

Possibly zero[ ]

ZF on charge B

Must be nonzero D

~ Possibly zero[ ]

Must be nonzero[ ]

Possibly zero[ ]

Must be nonzero[]
Possibly zero[ ]
Must be nonzero[_]

‘Must be nonzero Il
Possibly zero[ ]
Must be nonzero[_]

Must be nonzero[_]

Copyright © 2015 Pearson Education, Inc.

289

Must be nonzero[|
Possibly zero[ ]

5 Must be nonzero ]
Possibly zero[ ]

Possibly zero[_]

>F on charge C
Must be nonzero[ ]
Possibly zero[ ]
Must be nonzero[ ]
Possibly zero[ ]
Must be nonzero D
Possibly zero[ ]

Possibly zero[]
Must be nonzero[_|
Possibly zero[” ]

Possibly zero[ |
Possibly zero[ ]

Must be nonzero[_]
Possibly zero[ |

on



TIPERS

D1-QRT22: THREE CHARGES IN A LINE lll—FORCE
Three charged particles are fixed in place in a line. Charge C is twice as far from charge B as
charge A is. It is known that there is no net force on charge C due to charges A and B.

Indicate whether each of the following statements is true, false, or cannot be determined.

Cannot be
Statement , True False determined

(a) Charge A has a greétér maghitudé than charge C.
| (b) Charge A has a greater magnitude than charge B..
| (c) Cﬁ&ge C hzyl‘sw a gfeétér fnégﬁitudé fﬁan chérge B:
(d) | Charge A has the same magnitudc as charge . | |

(e) Charge A has the same magnitude as charge B.

® Charge C has the same magnitude as charge B. i

Explain your reasoning.

Three charged particles, A, B, and C, are fixed in place in a line. Charge C is twice as far from
charge B as charge A is. It is known that there is no net force on charge B due to charges A and
C.

A
Indicate whether each of the following statements is true, false, or cannot be determined. 2
Cannot be
Statement True False determined

: ChargeA has a g‘reéterﬂrn;tghirtﬁdé Vtrhaﬁ Vc’:harge C.
) ”Cha‘lrr’gerA haé argrea{er’ magmtude tﬁén chai'gé B
,’ VChérg’e C has é greatef rrnagﬁitude‘than éhargé B
éﬁargcfi ﬁaé Vthé srarwnvér mégﬁitﬁdé asﬂ crhrarger ‘C.W |

Charge A has the same magnitude as charge B.

Charge C has the same magnitude as charge B. ,

Explain your reasoning,

Copyright © 2015 Pearson Education, Inc.
290

+0
| Oty E’jl
o

o‘q)

-

B
o

+00 i +



D1 ELECTROSTATICS

D1-BCT23: THREE CHARGES IN A LINE IV—FORCE
Three charged particles, A, B, and C, are fixed in place in a line. Charge C is twice as far from charge B as charge A
is. All charges have the same magnitude.

Construct a bar chart for the net force on charge B due to charges A and C. Use positive values for net forces
directed to the right and negative values for net forces directed to the left. If the force is zero, state that explicitly.

EﬁonchargeB
-8 -7 -6-5-4-3-2-1201 2 3 4 5 6 7 8

R T i R S B B s et s e
CaseA| © © o
A B C
Case B o o0 o
ko -
A B C
CaseC, ©O ©O ¢)
L= o
A B c
CaseD| ©O © 0
Sy - T
A B C
Case E o o0 0
-
A B C
CaseF, O © (e}
-t - -~
A B C |
CaseG| O O o |
A B C
CaseH o o (o]

Explain your reasoning.
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TIPERs

D1-TT24: NEUTRAL METAL SPHERE NEAR A POSITIVE POINT CHARGE—FORCE
A positive point charge is placed a distance d away from a neutral solid metal
sphere.

+q Neutral
A student makes the following statement about the electric force betweenthe ~ @ --------~--~-~ mﬁta.l
neutral metal sphere and the point charge: ] . d » Sphere

“There is an attraction between the point charge and the sphere. Since the
sphere is a conductor, the external positive point charge pulls electrons in the sphere toward it. This leaves positive
charges on the other side of the sphere, since the sphere is still neutral. The force between the point charge and the
sphere is just the attraction between the negative charges on the left end of the sphere and the point charge.”

There is at least one problem with this student’s contention. Identify any problem(s) and explain how to
correct it/them.

D1-SCT25: UNCHARGED METAL SPHERE NEAR A POSITIVE POINT CHARGE—FORCE
In each case shown, a point charge +¢ is a distance d from the closest point of an

uncharged metal sphere. The sphere in Case B has a larger diameter than the Case A
sphere in case A. Three students are comparing the two cases: '*‘g
Aaron: “I don’t think there would be any electric forces in either case. Since d ‘
the sphere has no net charge, there is no attraction or repulsion.”
Bae: “The forces on the point charges are equal in the two cases. There is Case B
an attraction because the point charge will pull the electrons in the +g
sphere toward it. But the distance between the point charge and the Y YOUTU
electrons Is the same in both cases, so the force of attraction is the d .
same.”
Carlota: “When the electrons are pulled toward the point charge, they leave a pool of positive charges on the

other side of the sphere. These positive charges repel the point charge, and this balances the attraction
of the electron. The sphere overall is still uncharged, so there is as much positive charge as negative
charge, and there is no net force between the objects.”

With which of these students do you agree?
Aaron Bae Carlota None of them

Explain your reasoning.
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D1 ELECTROSTATICS

D1-WWT26: NEUTRAL METAL SPHERE NEAR A POSITIVE POINT CHARGE—FORCE
A positive point charge is placed a distance d away from a neutral metal sphere.

A student makes the following statement:

“The electric force is zero. Coulomb’s law states that the electric force between two objects is proportional to the
product of the charges. Since the charge of the sphere is zero, and zero times anything gives zero, the force between
the point charge and the sphere is zero.”

What, if anything, is wrong with this statement? If something is wrong, explain the error and how to correct
it. If the statement is valid, explain why.

D1-RT27: NEUTRAL METAL SPHERE NEAR A POINT CHARGE—FORCE

A point charge is placed a distance d away from a neutral metal sphere. The diameters of the spheres in Cases A and
C are the same and smaller than the equal diameters in Cases B and D. The point charge is positive for Cases A and
B, and negative for Cases C and D.

Rank the magnitude of the force exerted on the point charge by the sphere.

o [ | [] []
o 2 3 4 All All  Cannot |
. Greatest ~ Least  thesame zero determine|

Explain your reasoning,.
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TIPERs

D1-LMCT28: NeUTRAL METAL SPHERE NEAR A POSITIVE POINT CHARGE~—FORCE
A positive point charge is placed a distance x away from the closest surface of

a neutral metal sphere that has a diameter D. +q
T P
F h ch: listed, state whether th itude of the f
(a) For each change listed, state whether the magnitude of the force B

exerted on the point charge by the sphere increases, decreases, or remains
the same. (Assume that all of the other given variables remain the same for
each change given.)

_ Effect on the force exerted on the particle

Remains
... Change | Noforce |Increases |Decreases | the Same
(a) - Increase the dis;gpce L R -
(b)] Increase D, keeping the charge a distance x away. } ; ) )
() - Increase the charge of the particle. ) N )
(d ) Make the charge of the particle —q. -
@] Addnegativechargetothesphere.| | N R

Explain your reasoning.

(b) For each change listed, state whether the magnitude of the force exerted on the sphere by the point charge

increases, decreases, or remains the same, (Assume that all of the other given variables remain the same for each
change given.)

| Effect on the force exerted on the sphere
Remains

- B Change No force | Increases | Decreases | the Same
Oy  Increasethedistancex. | | | ]
(g) | Increase D, keeping the charge a distance x away., S I R R
(| Inoreasethe charge of the particle. | ] I R
i) Ma%eth@ charge of tl}iparticle =q. L i -
) , Add negative charge to the sphere.

Explain your reasoning,
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D1-CT29: CoNDUCTING CUBE BETWEEN POINT CHARGES—NET FORCE

D1 ELECTROSTATICS

In both cases, two particles with equal and opposite charges are fixed in place a Case A
distance d apart. The cases are identical, except that in Case B an uncharged metal +0Q, -0,
cube is placed between the two particles. O --———mmmmmm -
Is the net electric force on the positively charged particle (i) greater in Case A, l<-—————— d -———-—>|
(ii) greater in Case B, or (iii) the same in both cases?
Explain your reasoning, Case B

+Q5  |Uncharged| —Qo

O--1 metal |[--O
cube

«—d

D1-QRT30: CuBes BETWEEN POINT CHARGES—FORCE EXERTED BY ONE CHARGE ON THE OTHER

In both cases, two equal and opposite charges are fixed in place a distance 4 apart. The
cases are identical, except that in Case B an uncharged metal cube is placed between the
two charges.

(a) Will the force exerted on the positive charge by the negative charge be (i) greater
in Case A, (ii) greater in Case B, or (iii) the same in both cases?
Explain your reasoning.

(b) Since the cube in Case B is metal, there will be electrons in it that are free to
move around. What, if anything, will happen to those electrons?

Explain your reasoning.

Case A
+ Qo "‘Qo
-------------

+Q |Uncharged| —%
O-- metal |--O
cube

«— d

Now the uncharged metal cube in Case B is replaced with an uncharged plastic cube, keeping everything else

exactly the same.

(c) Will the force exerted on the positively charged particle by the negatively charged particle be (i) gréater in

Case A, (ii) greater in case B, or (iii) the same in both cases?
Explain your reasoning.

(d) Since the cube is plastic, there will be no electrons in it that are free to move around, but the molecules
can become polarized (i.e., the electrons move closer on average to one end of the molecule and the protons

move closer to the other). Will the plastic cube exert a force on the positive charge?
Explain your reasoning.
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TIPERs

D1-RT31: Two CHARGED PARTICLES—ACCELERATION
In each case shown, a particle of charge +q is placed a distance d from a particle of charge +4¢. The
then released simultaneously. The masses of the particles are indicated in the diagram.

particles are

Case 1 Case 2
A B C D
HG Qe O +g, m 17N > P -0 +4q, 3m
d ———»] d —>’

Rank the magnitude of the acceleration of each particle just after it is released.

w0 O

I 2 3 4 All Al Cannot

| Greatest  Least  thesame zero determine

Explain your reasoning.

D1-WWT32: ELECTRON IN A UNIFORM ELECTRIC FIELD—VELOCITY
An electron is placed in a uniform electric field with an initial velocity of 5 m/s as shown.

A student makes the following statement:

“The electron will continue to move in the same direction at a constant velocity because it
is moving in the same direction as the electric force on it; since the electric field is

constant, the force on the electron is constant.”

What, if anything, is wrong with this statement? If something is wrong, explain the
error and how to correct it. If the statement is valid, explain why.
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D1 ELECTROSTATICS

D1-LMCT33: PosITIVE CHARGE IN A UNIFORM ELECTRIC FIELD—ELECTRIC FORCE
A particle with a charge +q is placed in a uniform electric field.

Identify from choices (i)~(vi) how each change described in (a) to (e) will affect E F.
the electric force on the particle, +qO———f>

This change will:

(i) change only the direction of the electric force.

(ii) increase the magnitude of the electric force.

(iii) decrease the magnitude of the electric force.

(iv) increase the magnitude and change the direction of the electric force.
(v) decrease the magnitude and change the direction of the electric force.
(vi) not affect the electric force.

All of these modifications are changes to the initial situation shown in the diagram.

(a) The charge g on the particle is doubled.
Explain your reasoning,

(b) The sign of the charge ¢ on the particle is changed to the opposite sign.
Explain your reasoning,.

(c) The particle is given a push, causing a leftward initial velocity.
Explain your reasoning.

(d) The magnitude of the uniform electric field is halved.
Explain your reasoning.

(e) The direction of the uniform electric field is rotated 90° clockwise.
Explain your reasoning,
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TIPERs

D1-SCT34: ELECTRON IN A UNIFORM ELECTRIC FIELD—ELECTRIC FORCE
Consider the following statements about the motion of an electron placed at rest in a uniform electric
field as shown and then released:

E
Anna: “Since the electron is negative, it will move downward. Since the field is uniform, it will
move at a constant velocity proportional to the strength of the electric field.” o
Brooke:  “The electron will accelerate upward because particles move in the direction of the electric e

field, which points upward.”

Chico: “The electron will move downward because it is a negative particle. The force acting on it
will be opposite the direction of the electric field. It will move with a constant acceleration.”

With which of these students do you agree?

Anna Brooke Chico None of them

Explain your reasoning.

D1-SCT35: TWo NEGATIVELY CHARGED PARTICLES—ACCELERATION

Two negatively charged particles labeled A and B are separated by a distance x. -3q A B_—g
The particles have different charges and masses as shown. m ° o Im
e —]

Antonio: “The magnitude of the force that A exerts on B will be the same as the magnitude of the force that B
exerts on A. Since A has less mass, it will have a larger acceleration.”

Three students are discussing what will happen just after the particles are released.

Brenda: “The magnitude of the force on A by B is greater than the magnitude of the force on B by A since B
has more mass. So A will have the largest acceleration.”

Cho: “A has more charge but it has less mass. The larger mass of B is exactly compensated for by the
larger charge of A. The acceleration of both will be the same.”

With which of these students do you agree?

Antonio Brenda Cho None of them

Explain your reasoning.
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D1-RT36: THREE CHARGED PARTICLES ARRANGED IN A TRIANGLE—FORCE
In each case, three charged particies are fixed in place at the vertices of an equilateral triangle. The triangles are all

the same size.

D1 ELECTROSTATICS

A

+2q/q

D

+2g /Q
4 \

Rank the magnitude of the net electric force on the lower-left particle.

All All
the same  zero.

Cannot
determine |

4
Least

1 2
. Greatest

Explain your reasoning,

D1-QRT37: FORCE DIRECTION ON THREE CHARGES IN AN EQUILATERAL TRIANGLE—FORCE
Three charges are fixed at the vertices of each of the equilateral triangles shown below. All charges have the same
magnitude. Only charge 1 is positive.

Determine the direction of the net electric force acting on each charge due to the other two charges in the
same triangle, Answer by using letters A through L representing directions from the choices below.

Net Force A Net Force

+ Direction L B - Direction
Charge 1 = ‘ | D (Charged |

" \ | Charge 2 ! . - | Charge 5 7
el ‘~- |Charge3 - ‘A~ Charge 6
gw o7 [MNArES | H 5 F <5>» ~c6> (Lharged !

3

Explain your reasoning,
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TIPERs

D1-QRT38: FORCE DIRECTION ON THREE CHARGES IN A RIGHT TRIANGLE—FORCE

Three charges are fixed at the vertices of each of the right isosceles triangles shown below. All charges have the
same magnitude. Only charge 1 is positive.

Determine the direction of the net electric force acting on each charge due to the other two charges in the
same triangle. Answer by using letters A through H representing directions from the choices below. If the angle is
between two directions, indicate both directions such as AB for a direction between A and B.

Net Force A Net Force
;O+‘1 o ‘ Direction : H \ /’B 6 4 7 o Direction
| ECharge 1 } | " | é/Charge_{l I
‘ . (Charge2 E » (Charge 5
"0 o~ Charge3 | "o o |Charges |
2 3 5 6

Explain your reasoning,

D1-RT39: NEAR A POINT CHARGE—ELECTRIC FORCE AT THREE-DIMENSIONAL LOCATIONS

There is a positive point charge +¢ located at (0, 0, 0) in the three-dimensional region below. Within that region are
points located on the corners of a cube as shown.

Rank the strength (magnitude) of the electric force on a +3¢ point charge if it is placed at the labeled points.

o« [ ] [

1 2 3 4 5 All Al Cannot |
i Greatest ~ least  thesame zero determine|

Explain your reasoning,
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D1 ELECTROSTATICS

D1-WBT40: FORCES ON THREE CHARGES ALONG A LINE—CHARGE LOCATION
Three charges are fixed in place along a line. All three charges have the same magnitude, but they may have
different signs. Shown below are diagrams showing the forces exerted on each charge by the other two charges.

In each case, the sign of one of the charges is shown, as well as its position along a dashed line. Indicate the signs
of the other two charges and their approximate positions on the dashed line.

Case 1
Charge A Charge B Charge C
D Ui >
12 UN 12 UN 3 uUN 3 uN
Charge C
Case 2
12uN  ChargeD 12N 12 uN Charge E ~ Charge F 12 uN
&
3 uN 3uN
+
________________________________ .@______.____________.______._____
Charge J
Case 3
Charge G 12 uN 12 UN Charge H Charge J
g -
12uN 3 uN 12 uN 3N
+
________________________________ ...._...._........__.._..._..._.._.....-____._.__.__._.___
Charge F

Explain your reasoning.
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TIPERs

D1-WBT41: FORCES ON THREE CHARGES IN TWO DIMENSIONS—CHARGE L.OCATIONS

Three charged particles are fixed to a grid and are exerting electric forces on one another. Particles A and B have a
charge +2¢, and particle C has a charge —g. The diagrams at the right, below, show the electric forces exerted on
each particle due to the other two particles.

Particle B is shown fixed at the origin of a grid. On the grid, indicate the positions of particles A and C relative
to particle B,

: e : g Charge A (+2g)

_ B =
2 uN
) ) Charge B (+29)  gyN
OCharge B > >
4 uN
A N o o N
2 HN\ Charge C (-g)

Explain your reasoning.

D1-RT42: ELECTRON BETWEEN TWO PARALLEL CHARGED PLATES—FORCE ON THE ELECTRON
In each case, an electron is momentarily at rest between two parallel charged plates. The electric potential of each
plate and the separations between the plates are shown.

i | +100v i | +100V _{ | +s0v i | +100V
lcm oc- 1cm oc— lcm oe-
2 cm o €~ I 1 I 1] I 1
. VP T | P T T Ty
T Tov
Rank the magnitude of the force exerted on the electron.
o [ [ ]
| 1 2 3 4 All All Cannot |
. Greatest Least ~ thesame  zero determine

Explain your reasoning.
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D1 ELECTROSTATICS

D1-RT43: SUSPENDED CHARGES IN AN ELECTRIC FIELD—ANGLE

A charged sphere is suspended from a string in a uniform electric field directed horizontally. There is an electric
force on the sphere to the right and a gravitational force pointing downward. As a result, the sphere hangs at an
angle @ from the vertical. Combinations of sphere mass and electric charge are listed in the chart for four cases, all
in the same uniform electric field.

\ > Mass Charge
o\ . B 6x  4c
\‘ ., C ox 2
> ., D 65  snc

Rank the angle @that the string forms with the vertical for these different spheres.

o« [ 0O O
-1 2 3 4 Al Al Cannot |
 Greatest . Least  thesame  zero determine,

Explain your reasoning,.

D1-RT44: UNIFORM ELECTRIC FIELD—ELECTRIC FORCE ON CHARGE

A large region of space has a uniform electric field in the +x direction (=). At the point (0,0) m, the electric field
magnitude is 30 N/C.
A+

¢ a1 b F Ly
R O A A Om | 5m
B E C 3m | 5m
X =] L o
D 3m 5m
E 3m 2m
g Fi_6m | 5m_
Rank the strength (magnitude) of the electric force on a +5 nC charge when it is placed af rest at each of the
labeled points.
« [ 0 O
1 2 3 4 5 6 All Al Camnot |
. Greatest . Least the same  zero  determine

Explain your reasoning,
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TIPERs

D1-RT45: UNIFORM ELECTRIC FIELD—ELECTRIC FORCE AT THREE-DIMENSIONAL LOCATIONS

All the labeled points are within a region of space with a uniform electric field. The electric field points toward the
top of the page (that is, in the positive z-direction).

—————————————— %A
7/ /I
// // |
e Ve |
e e )
v ’ |
’ , |
7 - |
A pa )( B !
F i !
[~ o4 I
’ |
' S1C. 70 |
I < 1
| ot b |
| | [ ]
1 AN -’
i
|-
. Z-4Di Ty
7/
| 4
I | e
I o,
| I//
_____________ 4

Rank the magnitude of the electric force on a charge of +2 pC at the labeled points,

ox [ [] T[]

j 1 2 3 4 All All Cannot |
i Greatest o ~ Least ~ thesame  zero determine;

Explain your reasoning,

D1-BCT46: POINT CHARGE—ELECTRIC FIELD
Points P, R, S, and T lie close to a positive point charge. The concentric circles shown are T
equally spaced with radii of , 2r, 3r, and 4r. The magnitude of the electric field at point
P due to the point charge is shown in the bar chart below.

Compilete the bar chart to indicate the relative magnitude of the electric field at
points R, S, and T.

Magnitude of electric field

Explain your reasoning.
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D1-RT47: Two ELECTRIC CHARGES—ELECTRIC FIELD ALONG A LINE

D1 ELECTROSTATICS

In each figure, two charges are fixed in place on a grid, and a point near those particles is labeled P. All of the

charges are the same size, Q, but they can be either positive or negative.

A 8
0 p-0 | +2 -0 P

[
1

i i ol

Raunk the magnitude of the electric field at point P,

1 2 3 4 All All
. Greatest Least

Explain your reasoning,

D1-SCT48: THREE CHARGES IN A LINE—ELECTRIC FIELD
Shown are two cases where three charges are placed in a row. Three students are
comparing the electric field that exerts a force on the middle charge in the diagrams.

Adrianna: “All three charges contribute by the principle of superposition. So the
field is going to be greatest in case A since the contributions due to the
three charges will be greatest.”

Brandon: “I think it's a bogus question. The field at that point is undefined
because there is a charge there.”

Catalina: “I don’t think that’s right. The field that exerts a force on the middle

charge is the field due to the other two charges because a charge
cannot feel it own field. Since those other two charges don’t change,
the field acting on the middle charge is the same in both cases.”

With which of these students do you agree?

Adrianna Brandon Catalina

None of them

Explain your reasoning,
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TIPERs

D1-RT49: FouR POINT CHARGES IN TWO DIMENSIONS—ELECTRIC FIELD
In each case, four charged particles, each with a charge magnitude Q, are fixed on grids. The cases are identical
except for the signs of the charges.

A |Q1 B 13; g 17? )

| | | |
06’00l 406— %60 || + Yy

o3 1 pefos v oolas v eoles v e
+0 -0 -0 -0

Rank the magmtude of the electrlc field at the locatlon marked thh an “x ”

o« [ O O
1 2 3 4 All All Cannot |
. Greatest  Least ~ thesame  zero determme%

Explain your reasoning.

D1-RT50: Six CHARGES IN THREE DIMENSIONS—ELECTRIC FIELD
In each case, six point charges are all the same distance from the origin as shown. All charges are either +Q or —Q.

A Z+Q B zé+Q c Z~|—Q D Zé+Q
+Q +0 +0 —Q +0 +0
-0 o> o> -0
+Q +0 Y -0 +0 Y -0 +0 Y
X X X
p+0 P2 i

Rank the magnitude of the electric field at the origin.

oo [J [ T[]

I 2 3 a All Al Cannot |
 Greatest  Teast _ thesame _zero _determine,

Explain your reasoning.
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D1 ELECTROSTATICS

D1-TT51: POTENTIAL NEAR TWO CHARGES—ELECTRIC FIELD

Two equal magnitude electric charges are separated by a distance d. The electric
potential at the midpoint between these two charges is zero. A student
considering this situation says: o O
“The electric field at the midpoint between the two charges will be zero also, "*—‘ d —’l
since the two charges are opposite in sign, so the fields will be equal but

opposite, and add to zero.”

There is something wrong with the student’s statement. Identify any problem(s) and explain how to correct
it/them.

D1-CT52: POTENTIAL NEAR CHARGES—ELECTRIC FIELD

In each case, a point midway between equal magnitude electric charges is identified. CaseA
The signs of these charges are not given. The electric potential at this midpoint is 2V
in both cases, where V, is the potential due to a single positive charge. O0—X%—©0
Is the magnitude of the electric field at the midpoint (i) greater in Case A, (ii) V=2V,
greater in Case B, or (iii) the same in both cases?
Explain your reasoning. CaseB o
(} RN S ,A,O
v=2v, A
0
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TIPERs

D1-SCT53: CHARGED INSULATORS CONNECTED WITH A SWITCH—CHARGE

Two solid, insulating spheres are connected by a wire and a switch. The spheres are the same size, but they have
different initial charges.

Insulator Insulator

o

+20 nC +60 nC

Three students are discussing what would happen if the switch was closed.

Arturo:  “Since the spheres are the same size, charge will move until there is an equal charge of
40 nC on each.”

Beth:  “I agree, but since they are insulators, the charge will move very slowly. Eventually there will be the same
charge of 40 nC on each, but it will take a long time, perhaps 5 to 10 minutes.

Caitlin:  “No, since they are insulators the charge cannot move. It doesn’t matter whether the switch is open or
closed.”

With which of these students do you agree?

Arturo Beth Caitlin None of them
Explain your reasoning,

D1-RT54: PAIRS OF CONNECTED CHARGED CONDUCTORS—CHARGE

Two pairs of charged, isolated, conducting spheres are connected with wires and switches. The spheres are very far
apart. The larger spheres (A and B) are identical, and the smaller spheres (C and D) are identical, Before the
switches are closed, both spheres on the left have a charge of +20 nC, and both spheres on the right have a charge of
+70 nC.

A B
+20 nC oo +70 nC
C D
+20 nC o +70 nC

Rank the electric charge on the spheres after the switches are closed.

ORI:’

T 2 3 4 All Al Cannot |
| Greatest ] o Least ~ thesame  zero  determine!

Explain your reasoning,
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D1-RT55: Four CHARGES IN-TWO DIMENSIONS—ELECTRIC POTENTIAL
In each situation shown below, small charged particles are fixed on grids having the same spacing. Each charge Q
on this page has the same magnitude with the signs indicated in the diagrams.

D1 ELECTROSTATICS

A +Q B +Q C -0 D -0
r S ;,,,, — . i O-; 1 c? -
] g S N N
-0 9 00| +00 X060 0 T 00|00 %00
L L Lo | i
+Q -Q Q -0
Rank the electrlc potentlal at the locatlon marked w1th an “x »

o [1 [] []
1 2 3 4 All All Cannot |
| Greatest _ Least thesame  zero determine|

Explain your reasoning.

D1-RT56: POINTS NEAR A PAIR OF EQUAL OPPOSITE CHARGES—ELECTRIC POTENTIAL
Two equal and opposite charges are fixed to a grid at the locations shown. Four points in the vicinity of these
charges are labeled A-D.

1
AL

i

i
| l
L+ ‘
E ,,,,,,,, Ow.,,,,.* 5 -
; 1 Bg c D
Rank the electric potential at the labeled points.
; 1 2 3 4
Greatest Least

Explain your reasoning.

.

All

_the same
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TIPERs

D1-RT57: NEAR A POINT CHARGE—ELECTRIC POTENTIAL AT THREE-DIMENSIONAL LOCATIONS

There is a positive point charge +¢ located at (0, 0, 0) as shown in the three-dimensional region below. Within that
region are points located on the corners of a cube as shown.

Rank the electric potential at the labeled points.

] O O]

| 1 2 3 4 5 All All Cannot |
 Greatest . Leat  thesame zero determine|
Explain your reasoning.

D1-RT58: TWO ELECTRIC CHARGES—ELECTRIC POTENTIAL

In each figure, two charges are fixed in place on a grid, and a point near those particles is labeled P. All of the
charges are the same size, @, but they can be either positive or negative.

A s — e o

R | T S A
< rL2 N -0 P
O X0 00 X
L | ?

| |

0 p+0 || +0 +0 p
|

(
i

i

X @ | e @@ X

|

t

§
|
|
|
|
|
|

L ]

Rank the strength (magnitude) of the electric potential at point P,

ox [

| i
I 2 3 4 All Al Cannot |
| Greatest o  Least  thesame zero _determine|
Explain your reasoning.

Copyright © 2015 Pearson Education, Inc.
310



D1 ELECTROSTATICS

D1-LMCT59: FOUR CHARGES IN TWO DIMENSIONS—FIELD AND POTENTIAL
Four identical point charges are fixed at the same distance from point P. The charges are

either +Q or ~Q. +0 -0
A e /;,,,,,,.,M.W_k,.,,o B
Each action described is made to the situation shown in the diagram (i.e., “Change sign of T } |
charge D” means that charges A, C, and D will be positive and charge B will be negative). L P
For each modification: ' ; }
e Indicate whether the magnitude of the electric field at the origin (i) increases, (ii) cCo—'—0D
decreases, or (iii) remains the same. +0 -Q

e Indicate whether the electric potential at the origin (i) increases, (ii) decreases, or (iii) remains the same. (Use
the convention that the electric potential is zero far from the charges.)

e Indicate the direction of the electric field at the origin after the modification.

Electric  Electric  Electric field

Modification field potential direction
(a) A,?E%P‘%E_FP? sign of‘qharge A, |
(b) - Change the sign of charge B. |
(c) Change the sign of charge C. ) » -
) (d) Change the sign of charge D. -

(¢) | Change the signs of charges BandD. | |

® Exchange charges A 'fxgd B. - e
(8 Exchange charges A and D.

Explain your reasoning,.
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TIPERS

D1-RT60: UNIFORM ELECTRIC FIELD—POTENTIAL DIFFERENCE
Two parallel plates that have been charged create a uniform electric field of 30 N/C between the plates.

+ - From To
M . A M | N
s - B N~ o
X - cC P M
Y w oN o - D P | N
+ X X X _ E P 0
N : F N M

Rank the electrical potential differences of all the different combinations listed between the four points A/ at
(2, 0) m; N at (5, 0) m; O at (8, 0) m; and P at (2, 3) m within this region. (Positive values are larger than

negative values.)
« [ O O

1 2 3 4 5 6 All All Cannot
. Greatest . Least _ thesame  zero determine

Explain your reasoning.
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