Problem 1 GPN2-L01
A particle of charge +3 x 10~°C is 12.0cm distant from a second particle of charge —1.5 x 107°C' .
Calculate the magnitude of the electrostatic force between the particles. (01//\E8)

the electrostatic forceF' =___(N) F—k 7112
= 2
T

01: ANS:=2.81 ,
(3% 107°C) (1.5 % 107%C)

— (8.99 x 10° N x m?/C?
{ o) (0.120m)?

= 2.81 N

Problem 2
Of the charge @ initially on a tiny sphere, a portion q is to be transferred to a second, nearby sphere. Both
spheres can be treated as particles. For what value of ¢/Q will the electrostatic force between the two spheres

be maximized? (01/)\E8)

g 1 q(Q—q)
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Problem 3

Two 1dentical conducting spheres, fixed in place, attract each other with an electrostatic force of 0.108 N
when their center-to-center separation is 50.0 cm. The spheres are then connected by a thin conducting wire.
When the wire is removed, the spheres repel each other with an electrostatic force of 0.0360 N. Of the initial
charges on the spheres, with a positive net charge, what was (a) the negative charge(gs) on one of them and
(b) the positive charge(q; ) on the other? Assume q; > |ga|.

MEMEENESEIKE EEEZNNUE - 2P 0EES 50.0em FF - B1HLL0.108 N WFEE A
R5| - REBBBMAELFEREIKE - SEHRBRBIRET - TkESLL 0.0360 N WEFENHAHEF - TEIKES
HYRETD - FTHEIEEET - (a) BEG (g ) @207 HP—EHM (b)) 5—EEET (g ) ?
BE% |qu| > |ga| ° (02/]\EE)

@aqa=__ C
03: ANS:=3e-6
b)Ygg—_C

04: ANS:=-1e-6



Problem 4

In the figure, the particles have charges ¢ = —gs = 100nC and g3 = —qq4 = 200nC, Y

and distance a = 5¢cm . What are the (a) x and (b) y components of the net 1 “ o2
electrostatic force on particle3? T

(02/1\z8) 7 3
(@)Fz=__(N) l
05: ANS:=0.17 st ) 4
(b)Fy=___(N)

06: ANS:=-0.046

Fg:ﬂ1+5§2+5§4

1 _|Q3|\Q‘1| . |g3l|ge]
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— (8.99 x 10° Nm?/C?) L0 % 10" 7 (—14+ 1)

(0.05m)? 2/2

= —0.046 N



Problem $§
In the figure, four particles form a square. The charges are g = +Q, g2 = g3 = q,

and g4 = —2Q. What is g/Q if the net electrostatic force on particle 1 is zero? (01/)\
%)

|3 Q=

: ANS:=0.707

Solution:

62. For the net force on ¢; = +0 to vanish. the x force component due to ¢, = ¢ must
exactly cancel the force of attraction caused by g4 = —20. Consequently.

2

O __ 9120 50— 92

dne,a’ - 4re, (2a)? 4re, 24

or ¢ = O/+/2 . This implies that ¢/ Q:l;’ﬁ =0.707.
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Problem 6

In the figure, particle 1 of charge +1.0uC and particle 2 of charge —3.0uC' are held "

at separation L = 10cm on an x axis. If particle 3 of unknown charge g3 is to be ] 2
located such that the net electrostatic force on it from particles 1 and 2 is zero, what | 4 '\
must be the (a) z and (b) y coordinates of particle 3? (02/]\iE8) )

(a)x = cm

08: ANS:=-14

Ply=___  om

09: ANS:=0
(a) There 1s no equilibrium position for g; benveen the two fixed charges.

It should also be clear that off-axi there are no equilibrium positions,

|EI1|_ | L _0 —. IIL—l_LU ]2 Fic I‘TE s _30;'{(‘ BE O
L (LY l ¥ q,| [+1.0uC|
L+L, —«f g B 10 cm -
L, f W3-
(b) ¥=0.

That 1s. ¢, should be placed at x=-14 cm



Problem 7

In the figure, particle 1 of charge +q and particle 2 of charge +4.00q are held at )
separation L = 9.00cm on an x axis. If particle 3 of charge g3 1s to be located such ll 2
that the three particles remain in place when released, what must be the (a) x and (b) | ; 'l

y coordinates of particle 3, and (c) the ratio %;? (03/)\iEB)

— cm
10: ANS:=3 The third charge ¢; must lie between the other two
B s Suppose ¢ 1s at a distance x from ¢. and L — x from 4.00q.
[ i
11: ANS:=0 F,= 1 *Tﬂ:s _ 4qq, |
dme, | x° — 54
a3/q = 0\ (L-x)") ,, ,,
We require F3 = 0 and solve for x. 1/x*=4/(L — x)

12: ANS:=-0.444

The solution 1s x = L/3. With L = 9.00 cm. we have x = 3.00 cm.

(b) Similarly. the y coordimate of g5 15 v = 0.

(c) The force on ¢ is . -1 ( qq, +4.00q1 \

@_-—htfm X’ S
F,= 0 and solve for g3: 2 _
G . Ps e B Y guuy
S - 9 q

where x = L/3 1s used.
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Problem 8

The magnitude of the electrostatic force between two identical 1ons that are separated by a distance of

5.0 x 107m is 3.7 x 107 N. (a) What is the charge of each ion? (b) How many electrons are “missing”
from each ion (thus giving the ion its charge imbalance)? (02/)\E8)

@g=-.. . .C
13: ANS:=3.2e-19
byn=__ (a)
14: ANS:=2 |- - (9)(q) - ‘1_2
Ameyr? 72
B F
q =2 & k:
—g
_ (5 x 10 2%m) 30 %10 N
8.99 x 10° Nm?2/C?
=335 10~
g 3I2x10°MC
(bne=qn = = = —

e 16x10Y%C



Problem 9

Earth's atmosphere is constantly bombarded by cosmic ray protons that originate somewhere in space.
If the protons all passed through the atmosphere, each square meter of Earth’s surface would intercept
protons at the average rate of 1500 protons per second. What would be the electric current intercepted

by the total surface area of the planet? (01/]\EB)

the electriccurrentz =__ A

15: ANS:=0.122

Solution:

4T R? = 47(6.37 x 10°m)? = 5.1 x 10Mm?

i = (5.1 x 10**m?)(1500)(1.6 x 107 %) = 0.1224



Problem 10

The figure shows electrons 1 and 2 on an x axis and charged ions 3 and 4 of y

identical charge —q and at identical angles 6. Electron 2 is free to move; the b
other three particles are fixed in place at horizontal distances R from electron 2
and are intended to hold electron 2 in place. For physically possible values of
q < 5e, what are the (a) smallest, (b) second smallest, and (c) third smallest

values of @ for which electron 2 is held in place? (03/)\28) 12

—

(a) smallest: 6= degree

16: ANS:=37.5

(b) second smallest: 6= degree
17: ANS:=50.95

(c) third smallest: 8=__ degree

18: ANS:=56.6

(a) The smallest value of angle 1s

&, = 37.5° (or 0.654 rad).

(b) The second smallest value of angle 1s

& = 50.95° (or 0.889 rad).

(c) The third smallest value of angle 15

6, = 56.6° (or 0.988 rad).

tanfd= d/R and cos@= R/r 1 is the dashed line

the net x force caused by ¢; and ¢4 on the y axis

qe 2gecosd 2gecos’ @
1 cosé = 1 =2

Areyr Are,(R/cos@)*  4Ame R’

equal the magnitude of the repulsive force exerted on ¢; by ¢, = —e.

2gecos’ @ e ,r
= > qle
dre,R°  4me R’ e f
e g i < Se |III
= ¢= e 10 [
2cos’ @ . '
8-
e ]
— < Se 64
2cos’ @ :
1 4_' |
— < cosé | _,/
{1 0}13 2 = e
e R ; — &
9 < 62.34° 0 10 20 30 40 50 70



Problem 11
Coulomb's law: AM{EIIFEEHFEEDAIZEq 1.q 2 - MEBZBEEEN—EEAEFNERT -
MBI E S HHMRAVEEBEr - NE|BIK/NF=2(AETEREIERE ) (01/)\F8)

s A SF= [q_1,9_2,r, e 0], w=pi, ep=e_0 -

19: ANS:=(q_1*q_2)/(4*pi*e 0*r**2) (417 2)(47pi*e 07r**2)

Coulomb force: EMBEIEETFEBEDAIRq 1,q 2 - MEBZEFEN—BEEBEFRNERN -
NEWK/NEF - BTEEMEETERAVIER - (ASTEREEE © ) 0/\E#)

PRE AT FERr=

20: ANS:=sqrt((q_1*q_2)/(4*pi*e 0*F)) sqrt({(q _1*q 2)/(4*pi*e 0*F))

[q_1, q_2, F, e_0], w=pi, €p=e_0 -

A EE R EEExE - - MEBEHERNEERE] - MENEETE D EIRq (2 =0), ¢(zs = d) -
q1 > ¢ > 0 ° IExB FE S —EEEQ - ZBEIEMEEM—(EREER (2o PIERN S &
I\ e (01/)\EB)

zo=___ [k,q_1,q.2,d], k=FBER=& " q=q9_1, g2=q_2 -

21: ANS:=d/(1+sqrt(q_2/q_1))

Solution:

d/(1+sqrt(q 2/q 1))
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