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The Electric Field

27.1 Electric Field Models
27.2 The Electric Field of Multiple 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.
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2. Is there an electric field at the position of the dot? If so, draw the Z
electric field vector on the figure. If not, what would you need to yd

«

do to create an electric field at this point? //")’
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3. ’i‘his 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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27-2 CHAPTER 27 - 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. At each of the dots, use a black pen or pencil to draw and label the electric fields E , and E, 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 Enet
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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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The Electric Field - cHAPTER 27 27-3

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?

a. b. c.
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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 Enet = 0. The lengths of your vectors should indicate the magnitude of E
at each point.

a. b. D ® C. @_ ___________ @
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I ; Enet |
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9. At the position of the dot, draw field vectors El and E‘z due to g, and g,, and the net electric field Enet.
Then, in the blanks, state whether the x- and y-components of E., are positive or negative.

Ene POSITING.
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10. Use a black pen or pencil to draw the two electric fields I_fl and l_fz at each dot. Then use a red pen or
pencil to draw E_.. The lengths of your vectors should indicate the magnitude of E at each point.

a. M\?/ I;' Z}" b. <,_> ﬁ“j /y

e
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11. Draw the electric field vector at the three points marked with a dot. ® O]
Hint: Think of the charges as horizontal positive/negative pairs, ® —>
then use superposition. ® o

® —> O

® ©

® — O

® ©

12. The figure shows the electric field lines in a region of
space. Draw the electric field vectors at the three dots.

13. 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: E_ST-E_“ >E3 >E, \
Explanation:
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27.3 The Electric Field of a Continuous Charge Distribution

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

15.

16.

17.

a. The segment is shrunk to one-third of its original length. What is the ratio A¢/A;,
where A; and Ay are the initial and final linear charge densities?

N5 (O5As) BRQAER DAL - ’—~-3
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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?

\o FimeSHhe ociaival amsunt of charae wWoudd
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A wire has initial linear charge density A;. The wiYe is stretched in length by 50%, and one-third of the
charge is removed. What is the ratio A¢/A;, where /\f is the final linear charge density?

NG ?‘_‘ Le=1.6L0 Qg-
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The figure shows a uniformly charged positive
wire. Five small, equally-spaced segments of \ T
charge are shown. Use these five segments
to estimate the wire’s electric field—both

magnitude and direction—at each point in space & i
marked with a dot. Draw each E on the figure.

Equal-length, equally charged positive and >

negative wires are placed end-to-end. Draw /1

the electric field at each of the dots. A — ~
Hint: Think about the superposition of the 1!
fields of a positive and a negative wire. « L B ~
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18. Two rings of charge face each other. The total charge on each ring is indicated beneath it. Draw the

electric field vector on the axis of the rings at the midpoint between them (at the dot), or label the point
E=0.

-

Q=- Q Q=+++

19. The figure shows two charged rods bent into a semicircle.

For each, draw the electric field vector at the “center” of
the semicircle.
l

20. A hollow soda straw is uniformly charged. What is the electric field Tiside straw

- 0 .
at the center (inside) of the straw? Explain. LTSy I / AT
" . S T R AR R A

The e\e.c}r\c,\fic\d or e cende igZevo. \Jv 4 4 4 4 4 + 4
We con Paink of Hhe skraw osloein made Lp OF aisWan
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21. An electron experiences a force of magnitude F when it is 1 cm from a very long charged wire with
linear charge density A. If the charge density is doubled, at what distance from the wire will a proton
experience a force of the same magnitude F'?

Foef =c (g &)

TS Me o QC\Q\(\S\'\' ALS douldled!,
"\-\/\QV\‘W\Q A onge, Y ‘F(‘OW\ +\/\Q,\N\ (‘Q
MUk olss oo douloled For Pre Sovee,

Fo\oe e some.. = Qe

o0 Field Veckors qives . fesultank electric fleld eqig) togedy.
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27.4 The Electric Fields of Rings, Disks, Planes, and Spheres

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

a. What is the ratio n¢/7;, where 7; is the final surface charge density?
3.13 ﬂt (&/ ) '
b. Compare the final force on a electron very far away to the initial force on the same electron.

Fsebyg = e_'ﬂf. Fizebyi= L’nx _F_S- ﬂf =399
Fo=qa9F;

23. A 01rcu1ar disk has surface charge density 8 nC/cm?®. What will be the surface charge density if the
radius of the disk is doubled?

| Q S L
“Ylaw G}z e T %/rl 9"0«\‘

24, Rank in or?fer from largest to smallest, the surface charge densities 7, to 1, of surfaces 1 to 4.

2cm 2cm

lcm

20 nC

2cm

Order: /YL = ’n% S /rlq S /fb_

Explanation: 3
2 & 10nC Syl
m— t
A, (Imx\c.wb C'M ,n' (30*"35"‘

¢
30aC . 10nC ISnC 4585
{Yb (.lc_'ﬂ*gﬁ"b o nﬂt ""Qcm"g-ﬂ'\) -

25. A sphere of radius R; has charge Q;. What happens to the electric field strength at r = 2R; if:

Y m;

a. The quantity of charge is halved?

: S TLQishalved, Hhen
MG £1so\sohalved.

b. The radius of the sphere is halved?

The Field outside aggnese istheSoame agthot of o paint
c\r\arog G \ocoted odtne Cevcrer ofthe sphere . S if Hhe

ok e Spnece dnonaes . the Field femnoing the
Sone. surside the Sphece oddne distowmce (23R,
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27.5 The Parallel-Plate Capacitor

26. Rank in order, from largest to smallest, the electric field strengths E; to Es5 at

27.

28.

each of these points.

Order: E_ = E;_::. E-'Sz E'4 :.E_S_

Explanation:

The e,\e_d"(‘\c,\(;\: d s consrondt T
eNexrywhR e \etwer-Hae dlotes . Thig
|STF\\(5\{CO~’\‘€<5 by dne ele i CJPS;\);\ d \/ecé:ors

Whidh oceoll he some leviginand inthe
<ovne_Alecrion.
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. Qis doubled?

S Mide MUSUAL Es-Qsog
b. Lis doubled? ' EL Qi

LS Lisdoubled Hnhen ' :
A =4At Q= constont) ES’ Al = D2

¢. d is doubled?

b doeswnot C\epex\c\ on d.- Ej;,_ \

B
Aball 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 e e e |

e

Es Ne/go Nz _S5/ag TS Qisdoubled (Azconstond)
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27.6 Motion of a Charged Particle in an Electric Field

27.7 Motion of a Dipole in an Electric Field

29. A small positive charge g experiences a force of magnitude F; when P
placed at point 1. In terms of F: /] E=2E g _.z

3 F 1 E=3E
a. What is the force on charge g at point 3? }
2
b. What is the force on a charge 3q at point 1? 3 F ) "
c. What is the force on a charge 2q at point 27 LIL F /

d. What is the force on a charge —2q at point 27 - L‘. F {

30. 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.

Accelevokes Yo Hhe vi CSW\"

b. Negative object.

Aecelorades bo e lef.

c. Neutral object.

Revmons n ploce.

31. Positively and negatively charged objects, with equal masses and equal
quantities of charge, enter the capacitor in the directions shown.

EEE sy
[ ]
B e e

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.

B R R

[ e s o e v

32. 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.

R e Lt




27-10 cHAPTER 27 - The Electric Field

33. A proton and 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 forces on $he two Cnoaes e @U"C‘\ .

T+ =qk T\ne,.\\ e Nowe. e Stume. cwnmouun

of chovrae e ouvre. Ploced WP some,
Feld-
b. Compare the accelerations of the two charges. Are they equal, or is one larger? Explain.
The occelefoion oF e e\eckon (s

laae e becouse the elechron NaS

SmMoalle ™ nasS . - %\.

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

The. elecrric Tacce..

b. Draw and label the 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.

35. 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. T +hne. dnovcaed pacticle hos on initial
JRlocthy EeMEonRet W o perprndiclardirection
Inen itk would Trovel v o ddfe et ducecdiontnon
tne Sield. For example , (n CNoae could rove w

caccudold WAGTION 0% 1IN P(‘Q‘D\Q){V\ ff SL\L oloove..

36. 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. ﬁ
—_ >
—

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.

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

Taequ \Wori um%g\-v\&f\cs\-a
WL fomonn in place, oecxuse,
e nmet Force 1S Zzexo and the.
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