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The Electric Field

23.1 Electric Field Models

23.2 The Electric Field of Point Charges

1.

You’ve been assigned the task of determining the magnitude and direction of the electric field at a
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.

P\a%, a v*“zﬂ*\‘! )PDQ*’\V& '4:5»5*%” Qt\@@&(?} o Yhe Pew‘e&“ AT 5\7&@&
and Measuca +he @arm(g) on'tb. Tale *"gﬂl.% Meas e A ‘gﬁ?“i«fim
and divnde N 5% '{i‘ﬁ“ test e‘:ﬁ-i«m&c:% to olatai . e

ddeckwe field: E= F}/i where F is 4he (oo
on 2

2. Is there an electric field at the position of the dot? If so, draw the E
electric field vector on the figure. If not, what would you need to e
do to create an electric field at this point? 4,7 .
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3. This is the electric field in a region of space. / -
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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23-2 cuarrer 23 ¢ 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, draw the charge on 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. At each of the dots, use a black pen or pencil to draw and label the electric fields E  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 E,,,, at each dot.
b
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6. For each of the figures, use dots to mark any point or points (other than infinity) where E=0.
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7. Compare the electric field strengths E; and E, at the two points labeled 1 and 2. For each, is E, > E,, is
E =E,oris E; <E,?
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8. For each figure, draw and label the net electric field vector Enet at each of the points marked with a dot |
or, if appropriate, label the dot Em:t =0. The lengths of your vectors should indicate the magnitude of E

at each point.
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9. At thgposition of the dot, draw field vectors El and 52 due to g, arLd ¢,, and the net electric
field E,,. Then, in the blanks, state whether the x- and y-components of E,, are positive or negative.

q] \\\\ : - : ,—” qz
\\\\\ 1cmy E :lcm -7
Vem > gzzt pet = Toem
~ o l 1 ",—
: g |\
CIVE
! Enet
(Epedx 'ch;hve: (Epe)s ?‘53}‘{‘*{‘(%

(Epey Posttive. (Ener)y ,(\%,ﬁa&weﬁ ‘




23-4 cuaPrER 23 * 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, ® —— O
then use superposition.
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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 E| to E, at points 1 to 4.

Order: % = Eq > £, > E,
Explanation:
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23.3 The Electric Field of a Continuous Charge Distribution

13. A small segment of wire contains 10 nC of charge. .
+ + + +

a. The segment is shrunk to one-third of its original length. What is the ratio A¢/A;,
where A; and A; are the initial and final linear charge densities?
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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 dot at the “center”
of the semicircle.
l

15. A hollow soda straw is uniformly charged. What is the electric Inside straw
field at the center (inside) of the straw? Explain. r + 1 + +/1 1 %
= e - - A .
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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

pss the axis of the rod at distance d from its center? v L/

432 3. Begin with a visual representation. Draw a X= =", x=0 X= 2
horizontal rod, then divide it into 10 or 12 A x=d
boxes with a + in each box. Add an x-axis NI S [N U VY VU VS JPOS RS P w»_+:->
with the rod centered at the origin. Label the P —— E,
ends of therod x= —L/2 and x = L/2. Put a A _ *
dot on the x-axis at some point to the right of Sijma{' 4

the rod; label it x = d.

b. Pick one of your + boxes to the right of the origin; label it “segment i,” label its position as x;, and
write AQ beside it to show the charge in segment i. At the dot, draw the electric field vector due to

segment i; label it E,.
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. Does E, have an x-component? Y €5  Ay-component? \Q A z-component? {10

. Imagine the electric field E—’; due to some other segment j.

Is 1:3; the same length as l;:i? YO Does E'j point the same direction as l:f,-? )/ es

. 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? \J e A y-component? Vg A z-component?
—

You should have found that E has only one component, requiring only one summation.

no

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

constants.
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part f.

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

Ex B A’lTréjc - (C{"Xg’\
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QL
Segment i has width Ax. Based on A and Ax, the segment has charge AQ = N AX

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

%  HwE, (d-x)*
e

E:’m__L.._.ﬁ ALY

. Now you’re ready to convert the sum to an integral. What are the integration limits?

Lower limit ™ L/2 Upper limit “/2

(b) drop the subscript from x; because x is now a continuous variable, (c) show the integrati
and (d) take all multiplicative constants outside the integration.

L/z
= -2 dx
X Hre, (d=-x)*

We’re going to stop here. You’ve done the physics by figuring out what to integrate. Now it
calculus problem of carrying out the integration to get a final answer.

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

. Write your expression for the electric field as a definite integral. That means (a) Change Ax to dx,

on limits,
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23.4 The Electric Fields of Rings, Disks, Planes, and Spheres

17. An irregularly-shaped area of charge has surface charge density 7.
Each dimension (x and y) of the area is reduced by a factor of 3.163.

a. What is the ratio n,/;, where 7 is the final surface charge density?
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b. Compare the final force on a electron very far away to the initial force on the same electron.
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18. 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?
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19. Rank in order, from largest to smallest, the surface charge densities n, to 1, of surfaces 1 to 4.

2
4
lem 2em 2cm
1 3 : 2cm
1cm 20 nC . I cm ) 15 nC
10nC 20 nC
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Order: N, = ‘7;3 > 7)‘_{ > 1,
Explanation:
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20. A sphere of radius R has charge Q. What happens to the electric field strength at r = 2R if’
a. The quantity of charge is halved?

E = = TF Q ¢ k«\.\f%éj Haen € s \eo halved.
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b. The radius of the sphere is halved?
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23.5 The Parallel-Plate Capacitor

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

Order: £, = E&m 53: T = E5
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22. 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 E, if:
a. Q is doubled"
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23. 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.
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23.6 Motion of a Charged Particle in an Electric Field

23.7 Motion of a Dipole in an Electric Field

24. A small positive charge g experiences force F ), when placed at point 1. .

In terms of F;: N /' E,=2E £ =3
a. What is the force on charge g at point 3? 3 ‘:: , ! /

b. What is the force on a charge 3¢ at point 1? 3 E; 2

c. What is the force on a charge 24 at point 2? “l ?\ , 3

d. What is the force on a charge —2¢ at point 27 -4 ?S

25. A small object is released from rest in the center of the capacitor. For E ]
each situation, does the object move to the right, to the left, or remain M -

. . . + -

in place? If it moves, does it accelerate or move at constant speed? -7, .. o H ~

., . s + —

a. Positive object. g r;- i_ dy . -
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b. Negative object.

Accelerates o +ha Eeﬂf&g

c. Neutral object.

Re«mdxn a e ?&&‘-& .
26. 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.
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27. 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. 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.

7‘;:%@ < Fe, f\‘%” "”H\e ‘ﬁar:.ﬂ, on &&C.L\ C,\’\w—rg}gﬂ kgg %é\%
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b. Compare the accelerations of the two charges. Are they equal, or is one larger? Explain.
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29. The figure shows an electron orbiting a proton in a hydrogen atom.
a. What force or forces act on the electron?

e
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b. Draw and label thie following vectors on the figure: the electron’s velocity
v and acceleration a, the net force F,.. on the electron, and the electric
field E at the position of the electron.

30. 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.
'\{0 . A“" OU&\" 3\\ Ve n Nﬁ\\ﬁ‘\"&,e\‘*““} "{"\QM \jQ_,\gc_& {\1 (W‘\\\ C)\ j\ ve s ““{’L\Q c&\\ﬁ%‘& eki G,
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31. 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? N, If not, draw the equilibrium
orientation directly beneath the triangle that is shown.

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