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The Electric Field

26.1 Electric Field Models

26.2 The Electric Field of Multiple Point Charges

L.

You’ve been assigned the task of determining the magnitude and direction of the electric field ata
point in space. Give a step-by-step procedure of how you will do so. List any objects you will use, any
measurements you will make, and any calculations you will need to perform. Make sure that your
measurements do not disturb the charges that are creating the field.
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Is there an electric field at the position of the dot? If so, draw the P
electric field vector on the figure. If not, what would you need to /
do to create an electric field at this point?
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This is the electric field in a region of space. .
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a. Explain the information that is portrayed in this diagram.
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b. If field vectors were drawn at the same six points but each was only half as long, would the picture
represent the same electric field or a different electric field? Explain.
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26-2 CHAPTER 26 * The Electric Field

4. Each figure shows two vectors. Can a point charge create an electric field that looks like this at these
two points? If so, add the charge to the figure. If not, why not?
Note: The dots are the points to which the vectors are attached. There are no charges at these points.
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5. Ateach of the dots, use a black pen or pencil to draw and label the electric fields El and Ez due to the
two point charges. Make sure that the relative lengths of your vectors indicate the strength of each
electric field. Then use a red pen or pencil to draw and label the net electric field £, at each dot.

-~

a. Enet b.
8 ot ;
, ] - 3
L V Ev\'—t ("‘}_‘
E,
=Y < = Y
N b N
e T i A
tnm&:o E, vek net

6. For each of the figures, use dots to mark any point or points (other than infinity) where £ = 0.
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The Electric Field « CHAPTER 26 26=3

7. Compare the electric field strengths £, and £, at the two points labeled 1 and 2. For each, is £, > £, is
E =E, orisE < E,?
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8. For each figure, draw and label the net electric field vector E, . at each of the points marked with a dot
or, if appropriate, label the dot £, = 0. The lengths of your vectors should indicate the magnitude of

E at each point.
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9. At the position of the dot, draw field vectors £, and £, due to g, and g, , and the net electric field Eper-
Then, in the blanks, state whether the x- and y-components of £, ., are positive or negative.
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26-4 CcHAPTER 26 + The Electric Field

10. Draw the net electric field vector at the three points marked with a dot.

Hint: Think of the charges as horizontal positive/negative pairs,
then use superposition.

A'“f \ur'h' " c0m(>a/\¢v\+ Lrom o B c/\’\ou':) e
is r,ow\ce,,'\(eci ‘OY the & M{ o”ﬂos\'{”o—

Jo 7.

11. The figure shows the electric field lines in a region of
space. Draw the electric field vectors at the three dots.
The length of the vector should indicate the relative
strength of the electric field at that point.
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12. The figure shows the electric field lines in a region of space. Rank in order, from largest to smallest,

the electric field strengths £ to £, at points 1 to 4.

Order: E3 = 9 > By >E,

Explanation:
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26.3 The Electric Field of a Continuous Charge Distribution

13. A small segment of wire contains 10 nC of charge. . + & ok
+ o+ o+ +
a. The segment is shrunk to one-third of its original length. What is the ratio 4;/4;,

where A; and A are the initial and final linear charge densities?
e (Odg) But Qs0¢ 3 2. K3
X; (@ / " ) . £

b. Suppose the original segment of wire is stretched to 10 times its original length. How much charge
must be added to the wire to keep the linear charge density unchanged?
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14. The figure shows two charged rods bent into a semicircle.

a. b.
For each, draw the electric field vector at the “center” of
the semicircle.
Jr

15. A hollow soda straw is uniformly charged. What is the electric Inside straw
field at the center (inside) of the straw? Explain. PR +/ P j
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16. A thin rod of length L is uniformly charged with total charge Q. What is the electric field strength on
¢ the axis of the rod at distance d from its center?

8Q E¢
a. Begin with a visual representation. Draw a ._l % l + I"* [ + l+ [+ + l+ + H L+ l-ﬂ__..—?_)x
Py , X =

horizontal rod, then divide it into 10 or 12 9 S /

boxes with a + in each box. Add an x-axis - & i i £
with the rod centered at the origin. Label the ! ' S“:"“’-‘d’ L a
ends of the rod x=-L1/2 and x=L/2. Puta
dot on the x-axis at some point to the right
of the rod; label it x = d.
b. Pick one of your + boxes to the right of the origin; label it “segment 7,” label its position as x;, and
write AQ beside it to show the charge in segment 7. At the dot, draw the electric tield vector due to

segment /; label it E‘I-.
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c. Does E,- have an x-component? ‘1 €S A y-component? NQ A z-component? O
d. Imagine the electric ﬁeldﬁ - due to some other segment /. R
Is E; the same length as £;? NO  Does E; point the same direction as £;? 115

e. The rod’s electric field E is the sum of all the Ei. Based on what you’ve said so far:
Does E have an x-component? yes A y-component? WO A z-component? NO
You should have found that £ has only one component, requiring only one summation.

f. Using what you know about the electric field of a point charge, write an expression for the electric
field component of £, —the component you identified in part e—in terms of AQ, x;, d, and various

constants.
Eos ol R
Lx L"‘Teg (A - X'\“

g. Now write an expression of this component of the rod’s field E as a sum over all / of your answer to

part f.
[ - i Z Se
% L‘—‘T € () 3 (A - X-\\a

Q
h. The rod has charge Q in length L. What is the linear charge density? A= /L

i. Segment / has width Ax. Based on A and Ax, the segment has charge AQ = ADx

j. Rewrite your answer to part g with this substitution for AQ.

A LYAS
Ey® fre. 2o @

k. Now you’re ready\_to convert the sum to an integral. What are theL}ntegration limits?
Lower limit =~ /& Upper limit a

1. Write your expression for the electric field as a definite integral. That means (a) Change Ax to db,
(b) drop the subscript from x; because x is now a continuous variable, (c) show the integration limits,
and (d) take all multiplicative constants outside the integration.

oo (T A
EX‘ Lh_‘eo (A"X\a
-Ya.

We’re going to stop here. You’ve done the physics by figuring out what to integrate. Now it’s “just”
a calculus problem of carrying out the integration to get a final answer.
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26.4 The Electric Fields of Rings, Disks, Planes, and Spheres

17.

18.

20.

An irregularly-shaped area of charge has surface charge density 77;.
Each dimension (x and y) of the area is reduced by a factor of 3.163.

a. What is the ratio 77;/7;, where 7; is the final surface charge density?

A © AL Ns . Q/ne) _ A - 2.163%=10.00

——

R W (87 T Ag
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b. Compare the final force on a electron very far away to the initial f
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A circular disk has surface charge density 8 nC/cm?. What will be the surface charge density if the
radius of the disk is doubled?

= & Q ~ nC
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orce on the same electron.

. Rank in order, from largest to smallest, the surface charge densities 7, to 77, of surfaces 1 to 4.

1 cm 2 em 2cm
| N 3 2cm
I em 20 nC Icm
10 nC 20nC
Order: M, = Nz >Ny > Na
Explanation:
M= Qoo 10aC 10wl My W€ 5wl
TR oo o (Beied™ o
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ME G =W el T T

A sphere of radius R has charge Q. What happens to the electric field strength at » = 2R if:
a. The quantity of charge is halved?

E- Q& N TE Q is halved S then E s also halved.
Hre ®

b. The radius of the sphere is halved?
The field OV*S]AQ, o Sphere is ‘H\z. Sawe. A ‘H/\‘C\' 6'; N pOiV\* CL\Gfse,
Q \ocsted ot e sz,vxzo_,r of the Sp\\ﬁ“e. G if the rodins of Hhe
Sp\\ef [ c_\'\o‘vxse,s, '\‘\NL '?‘Q,\A fQ,Mm\ws '“\9_ Sawea ou‘\'s'\é.e 'H\Q S?\'\Q-fe

ot the distance "‘33.‘2;.
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26.5 The Parallel-Plate Capacitor

21.

22.

23.

Rank in order, from largest to smallest, the electric field strengths E| to Ej
at each of these points.

Order: E‘: E&'—' E3: E._‘ :ES

Explanation:

The aledric Sield is constavt everyuinere betweon
the P\°\'\"LS. This s ‘V\dicol*e,c! b\, e, L\u,*v*'lc. G‘\‘l
vactors whida ore oll the sawme \ev\<3+\\ and in
the sawme diﬂu}('\gy\.
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R
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A parallel-plate capacitor is constructed of two square plates, size L x L, separated by distance d. The
plates are given charge £0. What is the ratio E¢/E; of the final electric field strength E; to the initial

electric field strength £, if:
a. O is doubled?

Ef_: “’ls/eo o s Qg/ g &

—_— D e

Ei .;;-i-:“/_e‘c - nli. Q[/AI E_(;

doubled (A= cansted)
L -3

o
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b. L is doubled?
T€ L s C!Q\A\)\QA thew Af '-'-L‘A’k E-F A
Q= constawt) —E

¢. d is doubled?

E c\oo_S V\o* ao«pQJ\A on Cl_

A ball hangs from a thread between two vertical capacitor plates. Initially,

the ball hangs straight down. The capacitor plates are charged as shown, then

the ball is given a small negative charge. The ball moves to one side, but not

enough to touch a capacitor plate.

a. Draw the ball and thread in the ball’s new equilibrium position.

b. In the space below, draw a free-body diagram of the ball when in its new
position.

[+ ++++++++++]

e
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26.6 Motion of a Charged Particle in an Electric Field

26.7 Motion of a Dipole in an Electric Field

24.

23,

26.

27.

A small positive charge ¢ experiences a force of magnitude /| when
placed at point 1. In terms of Fy:

a. What is the force on charge ¢ at point 37 3
b. What is the force on a charge 3¢ at point 1? 3 ¥ |
¢. What is the force on a charge 2¢ at point 27 L‘ "_‘

d. What is the force on a charge —2¢ at point 27 - L‘ 'Fl

A small object is released from rest in the center of the capacitor. For
each situation, does the object move to the right, to the left, or remain
in place? If it moves, does it accelerate or move at constant speed?

a. Positive object.
Acu.\uo:h,s to the V"\%\r\*.

b. Negative object.

Accelevotes 1o the left

c. Neutral object.

Rtwmivxs [T p\ oce.

Positively and negatively charged objects, with equal masses and equal

quantities of charge, enter the capacitor in the directions shown.

a. Use solid lines to draw their trajectories on the figure if their initial
velocities are fast.

b. Use dashed lines to draw their trajectories on the figure if their initial
velocities are slow.

An electron is launched from the positive plate at a 45° angle. It does not
have sufficient speed to make it to the negative plate. Draw its trajectory on
the figure.
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28.

29,

30.

31

First a proton, later an electron are released from rest in the center of a capacitor.
a. Compare the forces on the two charges. Are they equal, or is one larger? Explain.

The ‘rofco_s own ‘H\Q, +wo L\no\\rse.s ove QX\\JW\\- F= CLE TI’\Q«\/ eo\d« l’\G\fQ-

‘Ha\q_ Sowe QW\Q\AV\.* O'F a\r\av%e mvxd avYe P\O\GZ-A [N 'H'\l Some pltu

b. Compare the accelerations of the two charges. Are they equal, or is one larger? Explain.

T"\Q. O\CLlero:\"\ on 0{: '\’\’\Q, Q,\Q.clfv“ov\ S l0~f 32.(‘ btcause, Jf\’\e, Q,\Q,C{’Y on
has a SW\.a“e,r mass., O~ i3

—

m

The figure shows an electron orbiting a proton in a hydrogen atom.
a. What force or forces act on the electron?

T\r\e_ Q,\ u_lrrif_ % Yee,

b. Draw and label the following vectors on the figure: the electron’s velocity

=

v and acceleration d, the net force F,,, on the electron, and the electric
field E at the position of the electron.

Does a charged particle always move in the direction of the electric field? If so, explain why. If not,
give an example that is otherwise.

No. I the c\'\arcsul paﬁ"\c\t has an nitial \!t\BC'\'\W C°V"‘P°V‘°"‘*
" oa Pu?%V\c\icu\or diceckion then it would travel i o differedt
divection than the field, For Lmep\Q, o C\'\Qf?st could move in
civenlar wetion os in Pfo\b\UN\ %29 above.

Three charges are placed at the corners of a triangle. The ++ charge has

twice the quantity of charge of the two — charges; the net charge is zero.

a. Draw the force vectors on each of the charges.

b. Is the triangle in equilibrium? o If not, draw the equilibrium
orientation directly beneath the triangle that is shown.

c¢. Once in the equilibrium orientation, will the triangle move to the right,
move to the left, rotate steadily, or be at rest? Explain.

FFFFfr+rr+riT]

R

Tn Qo\u’\\ibvium the leo\vxé\e_ will vYewain  iN
?‘Q(& because the net ofce is zevo and

the, V\C* \Lorc\ue. i zevo,
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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 d 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
+Q0 _Qo
@ 19

+0, [Uncharged| —%o
O--1 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) greater 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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D1-LMCT33: PosITIVE CHARGE IN A UNIFORM ELECTRIC FIELD—ELECTRIC FORCE
A particle with a charge +¢ is placed in a uniform electric field.

Identify from choices (i)-(vi) how each change described in (a) to (e) will affect
the electric force on the particle.

This change will:

(1) 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 g 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.

Sensemaking TIPERs Instructors Manual D
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D1-RT36: THREE CHARGED PARTICLES ARRANGED IN A TRIANGLE—FORCE
In each case, three charged particles are fixed in place at the vertices of an equilateral triangle. The triangles are all
the same size.

A 24 0 B C D

+2¢g /O\

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

oo [ | [ ] []

1 2 3 4 All All Cannot
Greatest Least the same zero  determine

Explain your reasoning.

D

+29 Q +29 Q +29 Q +29Q

/ \ / \ / \ / \

// \\ // \\ // \\ // \\
// A \\ // B \\ // C \\ // D \\
,/ \\ ,/ \\ ,/ \\ ,/ \\
O-------- O O-------- O Of----- O O-------- O

+2q +q *q +2q +q —2q +2¢q +2¢q
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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
ol K C 04
Charge 1 I D Charge 4

Charge 2 Charge 5
: Ry :

- o~ Charge3 H - — ,/Charge 6
3

el
Q
es!
« O
> 0

Explain your reasoning.
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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.

oo [ ][] ]

1 2 3 4 5 All All Cannot
Greatest Least the same zero  determine

Explain your reasoning.
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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
by C
12 uN 12 uN 3 uN 12 uN 12 uN 3 uN
> 4————C»
by B Charge A by C Charge B by A by A ChargeC by B
+ — +
----------- e e e etk
Charge B Charge A Charge C
Case 2
by F12 uN by F3 N 12 uN 3uN
a1 B >
Charge D 12 uN by E by pi2 uN Charge E by D Charge F by E
+ =+ -
---------------------------------- OO ===
Charge F Charge D Charge E
Case 3
12 uN 12 uN 3uN oY) byH3HN
o &
byJ  ChargeG by H 1I2uUN  ChargeH  ChargeJ 12 uN
by G by G
+ + +
----------- el it
Charge H Charge G Charge J

Explain your reasoning.
In working these we can first figure out which charge is in the middle in each case since it will be the one with

two equal magnitude forces acting on it. For cases 1 and 3 the other two charges on the ends then have to have
the same sign and either be attracting or repelling the central charge. For case 2 the two outside charges have
opposite signs. For case 1 then we have charges B and C are on the outside and we were given that C is positive
s0 B has to be also. Since the forces on B and C due to A point toward A—they have to be the 12 uN forces on B
and C—we know A is negative. For case 2 we now know that E, which is on the right end is negative since both
forces acing on it point to the left. Since both forces on D point toward E that means F, which is positive, is
exerting a repelling force on D, so D is positive. Case 3 is similar to case 1, but both forces on charges H and J
point outward, so all three charges have to be positive.
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D1-WBT41: FORCES ON THREE CHARGES IN TWO DIMENSIONS—CHARGE LOCATIONS
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 —q. 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.

A

8 UN Charge A (+2q)
-
2 uN

Charge B (+2q) 8 UN
 Charge B >

\/

4 uUN

4 uN

2pN Charge C (—g)

Explain your reasoning.

8 UN Charge A (+2q)
-
2 uN

Charge B (+2q) 8 UN
| Charge B >
4

4 uN

TN

4 uN

Charge C (—q)
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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
\ > A 3¢ 8 nC
0 \ - B o6¢ 4nC

\ C 9¢ 2nC
@ - D o6¢g 8 nC

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

oo [ | [ ] []

1 2 3 4 All All Cannot
Greatest Least the same zero  determine

Explain your reasoning.

Sensemaking TIPERs Instructors Manual D
Copyright © 2015 Pearson Education, Inc.
47



D1-RT47: Two ELECTRIC CHARGES—ELECTRIC FIELD ALONG A LINE
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 B C D

-0 P 0 +0 -0 P -0 P +0 +0 +0 P
o X ©° o o X o X © o o X

Rank the magnitude of the electric field at point P.

oo [ | [ ] []

1 2 3 4 All All Cannot
Greatest Least the same zero  determine

Explain your reasoning.
Answer: C>D > B > A.

C is largest because both charges are the same distance from P and both produce fields at P pointing to the left.
Next is D because both charges produce fields in the same direction, but the two fields do not have the same
magnitude. B follows third because the two fields are in opposite directions, so they subtract. A is last since the
field at P in A is zero.
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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.
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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 o +70 nC
C D
+20 nC o +70 nC

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

OR|:|

1 2 3 4 All All Cannot
Greatest Least the same zero  determine

Explain your reasoning.
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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.

oo [ ][] ]

1 2 3 4 5 All All Cannot
Greatest Least the same zero  determine

Explain your reasoning.
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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, Q, but they can be either positive or negative.

A B C D
-0 -0 +Q 0 p -0 P +0 +0 +0 P
o o (o} o X o X o o o X
Rank the strength (magnitude) of the electric potential at point P.
ok [ ][] ]
1 2 3 4 All All Cannot
Greatest Least the same  zero determine

Explain your reasoning.
Answer: D > C > B > A.

The potential in case D is positive since it is due to two positive charges. In case C it is zero because the two
charges have opposite signs, but the same magnitude and are the same distance from P. In case B it is negative
because the negative charge is closer to P than the positive charge is, and in case A the potential is a larger
negative number because it is due to two negative charges.
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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. +Q -0
A B
Each action described is made to the situation shown in the diagram (i.e., “Change sign of
charge D” means that charges A, C, and D will be positive and charge B will be negative). P
For each modification:
¢ Indicate whether the magnitude of the electric field at the origin (i) increases, (ii) C D
decreases, or (iii) remains the same. +0 -0

o 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.)

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

Electric  Electric  Electric field
Modification field potential direction

1. Change the sign of charge A.

Change the sign of charge B.

Change the sign of charge C.

Change the sign of charge D.

Change the signs of charges B and D.

Exchange charges A and B.

N o v e W

Exchange charges A and D.

Explain your reasoning.
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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
+ -

+ - A M N
+ -

I P - B N 0]
+ X - C P M
H - D P N
TooM N o _

+ X X X _ E P 0
M z F N M

Rank the electrical potential differences of all the different combinations listed between the four points M 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 [ ][] []

1 2 3 4 5 6 All All Cannot
Greatest Least the same zero  determine

Explain your reasoning.
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