Electrostatics dy

1. Whatare the elementary charged particles and what are their charges?
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2. Compare/contrast insulators and conductors.
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3. How can an object acquire a net charge?
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4. What are the ways that an object can become charged? How does each one work?
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Triboelectric Series
Celluloid -
Sulfur
Rubber
Copper, Brass
Atnber
Woed
Cotton
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Cat Fur
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Class o &
Rabbit Fur

‘When you pull a colton sweater off your skin, electrons are '
transferred from the {cotton,€KiH) to the (@l skin).
Asa result, your %»odz acquires a {8, ) charge and the cotton sweater acquires a

A,

o

When yﬂu rub a glass rod with a silk cloth, electrons are transferred from the
(Elassilk) to the (glassEID) Asamlt,ﬂmg;assmdacqmmm
"), -} charge and the silk cloth asquzms a______ i+ @charge.

Suppose yon rub a rabber rod with a silk doth and a second rubber rod with a weol sweater. The

sitk cloth will acgnire a @, -)charge; the wool sweater willacquirea ______ (@, -
) charge. The sweater and the eloth will thenbe observedto {aﬂmﬂ,
not interact with) each other. ' ‘

T or F?  Statement
| a.  When two objects made of different materials are rubbed together, they each
| acquire a charge.
F b.  When two objects made of different materials are rubbed together, they will
either be both charged positively or both charged negatively.

i ¢ When two objects made of different materials are rubbed tcsgeﬁaer, they will
- attract each cther after the charging process.
? ; d.  Whentwo ohjects made of different materials are rubbed together, one oi:ujeﬁ
- gaing electrons and the other objects gains protons.
’3’ © . When two objects made of different materials are mbbed top Eﬂzer, the mml
‘ ammzmofthargeammgﬂle two objects remaing ur

Balloons A and B are suspended from the ceiling by light threads; each
. balloon 15 made of rubber. Balloon A was rubbed with andmal fur. Balloon
B was rubbed with animal fur. If a negatively charged plastic tube wers
inserted between the two ballpons, then one would observe that the two
balloons __ _ (Refer to the triboelectsic geries.)
wonld defie deﬂect even more from a vertical orientation

. would relax to.a more vertical orientation

=. would not be effected at all by the presence of the plastic tube.
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Consider these two spheres. They have both o - Fpetadd
been charged. In one case the charge is isolated
in three digtinct locations; in the other case, the
excess charge is even distributed abput the
surface of the sphere. Which one of these :ﬁheres
iz made of an insulating material and which is
macte of a conducting material? Label which is
which and support your answer with an
explanation,

0.

A balloon is charged by rubbing it with animal for. Itis then pressed againsta

wooden cabinet. The balloon and cabinet atiract, seeming to defy the foree of

gravity. This atiraction is best explained by ___.

a. induction charging of the wood b, frictional Chﬂi’?h of the wood
@ulzﬁzatian of wood molecules  d. polarization o ba%lmn molecules

11.
. Consider the conduction charging process described below:

A B R &
A: A teacher holds a negatively charged metal bar by its insulating handle and touches it to a
metal sphere {aftached to an insulating stand). : '
B: The teacher pulls the metal bar away and the metal sphere acquires a charge.
C: The excess negative charge spreads uniformly about the surface of the metal sphere.

- Diagram A is the charging step. How does the sphere become charged?
a. Electrons move from the insulating stand into the sphere. -
(B> Electrons move from the charged metal bar into the sphere,
¢. Protons move from the sphere into the negatively charged bar.

When the metal bar is pulled away in Diagram B, the metal bar is .
a. positively charged : b. electrically neutral
(©)still negatively charged, but has fewer excess electrons than it previously did.

Diagram C shows the excess negative charge distributed ditferently than it is in Diagram B. Explain
why the excess negative charge would distribute itself as it does in Diagram C.
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12. o
Two different processes are shown in the diagrams below:

A . c
A: A negatively charged metal sphere is touched. '
B: Thehand is pulled away and fhe sphere is then electrically neutral.
C. & A positively charged metal sphere is touched.
- D:fs The hand is pulled away and the sphere is then electrically neutral,

The process of neu trahzmg the charged spheres as depicted above is known as

a. charging b. polarization ¢ induction C‘“M‘gmundni“g‘w
When the negatively charged sphere is touched, ______ move from the to the .
9]@ ectrons, sphere, hand _ b. eiecimns, hand, sphere
protons, sphere, hand d. protons, hand, sphere
When the positively charged sphere is touched, move from the to the .
a. electrons, sphere, hand CPDelectrons, hand, sphere
c. protons, sphere, hand L. protons, hand, sphere
>< \ssmg‘?h&wﬁ |
W%len the pop cah is touchéd by thehand, | movefromthe ____ to the .
a. protons, hand, can " b. protons, can, hand
¢ electrons, hand, can d. electrons, can, hand
This process causes the can to acquire a _____ charge. )
a. negative ~ b.positive’ - " ¢ neuiral
When the induction charging pmcess is complete, the ballponis ___
a. positively charged b. electrically neutral

¢. still negatively charged, only havmg fewer excess electrons as before the process began
d. still negatively charged, having the same amount of negative charge as it previously had

In general, the use of a negatively charged object to charge another pb;eci by mduchon causes the
other abject to acquire a charge.
a. positive b. negative
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In terms of electron movement, explain what is happening in Diagrams B and C above, Finally, state
the charge acquired by the left and the right can as a result of this process.
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Two charged objects have a repulsive force of .080 N. If the charge of one of the objects
is doubled, then what is the new foree? s, I Y,
Two charged objects have a repulsive force of .080 N. If the charge of both of the
objects is doubled, then what is the new force?
O.32n
16.

Two charged objects have a repulsive force of 080 N. If the distance separating the
objects is doubled, then what is the new force? 0.0 Ay

Two charged objects have a repulsive force of 080 N. If the distance separating the
objects is tripled, then what is the new force? 65,0089 NV

Two charged objects have an attractive force of .080 N. If the distence separating the
objects is quadrupled, then what is the new force? O.vo5 N - '

Two charged objects have a repuisive force of 080 N. If the distance separating the
objects is halved, then what is the new force? 0.3 N

Two charged objects have a repulsive force of 080.N. If the charge of one of the objects
is doubled, and the distance separating the objects is doubled, then what is the new
force? T A
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Two charged objects have a repulsive force of 080 N. Tf the charge of both of the
objects is doubled and the distance separating the cbjects is dbublgi, then what is the
‘new force? (X o {:_f-f*’é LI
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Two charged objects have a{n attractive force of .080 N. If the charge of one of the -
objects is increased by a factor of four, and theidistance separating the objects is _ .
doubled, then what is the new force? (4 A s ,,»»& oY &‘L«f?
Two charged objects have an attractive force of .080 N. If the charge of one of the
objects is tripled and the distance separating the objects is tripled, then what is the new

force?
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17. A balloon with a charge of 4.0x10 C is held a distance of 0.10 m from a second balloon with the
same charge. Calculate the electrostatic force between them.
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18. Calculate the electrical force (in Newtons) exerted between a 22-gram balloon with a charge of -
2.6 uC and a wool sweater with a charge of +3.8 pC; the separation distance is 0.75 m,
(NOTE:; 2 uC or microCoulomb is 3 unit of charge; 1006 1C=1 C)
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19. Suppose that two equally charged spheres attract each other with a force of -0.492 N when
placed a distance of 29.2 cm from each other Determine the charge of the spheres.
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20. How far apart are two electrons if they exerta forceLT"r’é“ﬁﬁls"l‘“o‘n'“ofTﬂ’N on each other't’
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21. A conducting sphere with a charge of -5 uC is brought in contact with an identical conducting
sphere with a charge of 3 puC.
a. What is the charge of each sphere after touching? /”_’T}de ‘“\}

S—
_b. How many electrons-are transferred during the touch, and where do they move'-’
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22, Two identical conductmg spheres with charges 2 uC—and -6 pCare brought together and

touched, then moved 4cm apart. What is the electrostatic force between thefp_?k
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23. The spheres are both 2.0 g and have the same magnitude of charge. They are separated by a
distance of 3.0 cm. In order for the bottom sphere to hover and not touch the ground, what
charge must each sphere have?
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Electric Fields

Electric field lines beginon ____ _@, -} charges or at infinity and terminateon @+) charges
ot infinity. The number of lines that emanate from a charge or approach a charge depends upon
Celatiye  CAsmo . At locations whete z line meets the

surface of a charge, the lines afé drawnina_____ angent, - irection. The strength
of the electric field is {smallest, herever the lines are closest together.




27.

Draw the electric fiekd lines for the fellowing confipurations of charges. Place arrows upon your
electric field Yines.
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28. Two point charges are 10.0-cm apart and have charges of 2.0 pC and 2.0 nuC, respectively. What
is the magnitude of the electric field at the midpoint between the two charges?
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29. Two point charges are 4.0 cm apart and have values of 30.0 pC and —30.0 uC re'mec-‘rively. What is
the electric field at the mldpomt between the two charges? (£, = 8. 99 x IO Nom /C )
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30. An electric field of 3279 N/C is produced by 2 charge of 572x 10 C. _For this field strength, what
isthe dlstance to the charge? (kc =8.99x 10° Nma.l’C )
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32.

Which graph best represents the relationship between the magnirude of the electric ficld strength, E around a
point charge and the dismnce, r, from the point charge?
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33.
Electron Positively
beam charged plate
e W

Nagatweiy
charged plate
fter passing between the charged (piates the electrons will most likely travel paﬁx
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2. B

3. C
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34. ,

T 5 An electron placed between oppositely charged
parallel plates A and B moves toward plate A, as
Electron baarn represt:ntcd in the diagram below.
e G 1 - 1 A
P ' o . )
pr— T
‘The electrostatic force exerted on the electrons by the - :
_tlectric field is-directed 7 ' . » electron I
" 1. into the page I o N - - . - B -
2. out of the page ' ’ What is the direcfion of the electric field berween
3. toward the bettom of the page the plates?
@toward the top of the page 1. toward plate A
o ' 2, 1Gw fe
3. into the page

4. outof the page




35.

A moving electron is deflected by two oppositely charped patallel plares, as shown in the diagram below.
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‘The electric field between the plates is directed from
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36.
A 3.00 x 10"*-coulomb m is placed near a g
negatively charged metal sphere. The sphere ex- £ = ____"_’_‘.—-@—n
erts an electrostatic force of magnitude 6.00 x 10~ * p A

® newton on the test charge. What is the magnitude
and direction of the electric field strength at this :
location? <}
1. 2.00 x 10* N/C directed away from the sphere ' ; - éﬂ%‘z = ZXio
.00 » 10 N/C directed toward the sphere (',5 xi5")
3. 5.00 x 10°° N/C directed away from the sphere
4. 5.00 x 10 N/C directed toward the sphere

37.

The fgure on the right shows strongfy charged source
chavpes Y and Z that are fixed in place, Test charge X
is free to move and has a small positive charge, Initially
sphere X is equidistant from spheres Y and Z,

a. Which path will test charge X initially follow?

b. Expiam why you cliose that path.
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e Draw an electric field line due to source ch.arges YandZ that passes ﬂmuglx charge X.
|4 6//aj [ers

38.

Three charged particles are placed in am electric
field as shown in the diagram,

a. Assuming that A has a positive charge, draw a
vector for the electric force on point A. How do
you know the direetion of the foree?

Lorgent +o W) fosets )

b. Assuming that B has a positive chargre, dmw a
vector for the eleciric force on point B, How de
you konow the direction of the force?

Ligpat-+ Beld Fruerdls (=5

c. Amnmngtthhas a negative charge, draw a vector for the electric force onpoth How do

know the direction of the foree?
e %Méée/a/

. Which of the three pouns will have the strongat force per charge ratio? Explain how you

knowe,
B s dre Closest Hogethas
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40.

41.

42,

43.

Suppose you are given an electric field, but the charges that produce the field are hidden.
If a positive test charge brought into the region shows that all the field lines point into the
hidden region, what can you say about the sign of the charge in that region? How do you

know?
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Find the electric force on a charge of +4.0 x 10-3C when it is in an electric field at a point

where the electric field streggth 1s 20.0 N/C.
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A negative charge of 2.0 x 10-8 C experiences a force of O 060 N when in an electric

field. How strong is the electric field at the point where the charge is located?
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How much charge does a pamcle have that experiences a force of 1.0 x 10-8 N at a point

where the electric field intensity is 0.00020 N/C?

Eﬂ - g * 0,0002 =

a. Sketch the electric field created by the group of positive source charpes shown below (ignore
test charges A, B, and C for the mement.) Use arrows on field lines to show the direction 0fthe
feld,

b. Test charge particles A, B, and C are shot fo the ngh!. Predict and. dmw the path each particle
wiil take.

€. Where in the electric field wi /)\thepamcie‘spaﬂashebentthem? Q_
. - - 7 .
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44.
An electron in the electric fleld has an electric force acting on it in what direction?
N {7'“\ >
4 \ e 7
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A. North "
B. South
C. East
45.

a. Sketch the eleciric fictd creafed by the large positive and segative source charges shovwn below,
Use arrows o8 field lines (o show the dinection of the field,
b. Indicate the direction and size of the eleciric force on 1est charges A, B, and C with vectors.
. How does the direction ut' the force oo test c}mrges A, B, and C reliwe to the G eld lines?
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46.
- The stwee particles shown have equal velocities to the right. B's velocity a!lows the paruc!e to

* gavel in a circle around the negatively charged particle. © . - t
. Draw the electric field lines due 1o the negative charge. Use amrows on ﬁeld fines to show the
direction of ihe field,
b. Draw and label 2 force diagram for test chage A
¢, Use your knowledge of Coulomb’s law and circular motion to preclmt and draw the pmhs of .
test charges A and C, . ,

d. Do the paths of ihe positively charged test particles follow the electric field lines? ‘\‘,‘j

Yes
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