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Motion with Constant Acceleration g c\y
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Projectile Motion
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Newton’s First Law
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Newton’s Second Law

Conservation of Mechanical Energy

¢ = Maq
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2 Rring R
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m Electric force versus gravitational force

An a particle (the nucleus of a helium atom) has mass m =
6.64 X 107" kg and charge ¢ = +2¢ = 3.2 X 107" C. Com-
pare the magnitude of the electric repulsion between two « (“alpha™)
particles with that of the gravitational attraction between them.

=3.2x10-19¢
SOLUTION b 10 kg

-2
M= &-64 %!lo g

’3 eég : Fgé,&

~1

9= 3.2+ 10 J
3,

_ k7

re, r <
G M-

Y-—_‘:: (e o |
I r<

B f_q,}_ )"'Z
,:% T KM _
3-—/)2

3%103 * (3'2”‘ Lo

\/ i

—
—

- ~2F
G 6x k1o & (6K )"
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= 3 _ — "‘l{ N '—S 1
m Uector addition of electric forces on a line = &\. \29 Ale ) L o R-uUll %is Bc,
2

Two point charges are located on the x-axis of a coordinate system:
gy = 1.0nC is at x = +2.0cm, anddga==3.0nC is atx =
+4.0 cm. What is the total electric force exerted by ¢; and ¢ on a
charge gz = 5.0 nCatx = 0?

N

C=2% %10 > N) o C

@) -3.0nC
Fa (@ 0 o3 7@_ X

—
Y2

I
71
®

= 19119 gl A | e S e

!

YAY

> _ "
- rlgz (o)™

F?,g = -
23
gyl x-SaLlaj ¥ 5 %69
. (C;J;I_,)'L —\ VA
= G-Ul & 16>
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FELICFARE Uector addition of electric forc

Two equal positive charges ¢, = ¢» = 2.0 pC are located at

Xx=0,y=030mand x = 0, vy = —0.30 m, respectively. What
are the magnitude and direction of the total electric force that ¢,
and ¢, exert on a third charge Q = 40 uCatx = 040 m, v = (?
Y
20 uC
Q c, e 0. (F,|
5 — \\\ FS\'TL@ ;
| 030m| 050m ] a
= Y2 Q= 4op,c/ Fase
, 040 m @ m‘k}% T Fuss
.y = % _— F 030m| 050m L
‘ch ch_ q) //// .¥_
‘ I q; = 20 _u.CE? (Fl
K l(-?l ’ Q 03
F = =~ A Sin® = 45
Y - Cos O = 02:_,
-6 - §
j*]@j%z-)élo ¥ 4 *lo
— — — 1
2.

Jo 968 ATk b, Forge :—

D foselh—
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Consider three point charges located at the corners of a

right triangle as shown 1n the figure, where ¢, = g5 =
5.00 nC, g, =-2.00 uC, and @ = 0.100 m. Find the

resultant force exerted on ¢;.
Fra SInl S

B l‘ﬁ\%,“?gl |
22 Gg-p_ q2
—G
j*logy—'z%log*%*‘@ 3l
D) L |
= 893 W <
Kl‘h)”g’
Fy = o
12
_ galed ¥ sHlo X 5% °
— — - —A\.

[
9
4
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Sy g

&?Psu - ¥99 )¢ - (1-314 + 6 ):
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Three point charges lie along the x axis as shown in the =R l 192.! = A 4 H' |
figure. The positive charge g, = 15.0 uC 1s at x = 2.00

m, the positive charge g, = 6.00 xC is at the origin, and 2 3 |q,2" -

the net force acting on ¢, 1s zero. What is the x X =

coordinate of ¢,? . {191 *‘ 19, |

29’"\\ 6-)@10"_{/\

l Exio O+ \( 5 +1e €

|
?

X = o- ¢35 M
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Two 1dentical small charged spheres, each having a . %:
mass of 3.00 x 10~2 kg, hang in equilibrium as shown

in the figure. The length L of each string 1s 0.150 m, e = M j NS
: ., : =
and the angle #1is 5.00°. Find the magnitude of the C oz s ¥ 38 tan o

charge on each sphere.
Y ZE— v’ <

Tcos# _____'—I",‘ : I
|
|
2,
T Sins = I
Tsin @ e = ;«\
B Y‘
= q=/&\:e_9‘r;iW — X0-026%<a-35ih—;§z
< B -
+ j * Yo 8‘
ey =0 *=

.42 & o

l
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Electric-field vector for a point charge

A point charge ¢ = —8.0 nC is located at the origin. Find the elec-
tric-field vector at the field pointx = 1.2 m,y = —1.6 m.
Y
SOLUTION q=
0.5
MS’M,\M&Q L — by
= !
3 {
l N 8 -—3> 4
19 lg|  PE  ESiND
E = — S A
- @)
8 -—3 /1 = |"L ' ®
— G¥10” *x g+ o EGSS
— —\1
2.
(2)
—A
— \ 3 % = \\Q-ﬂz +(-6)2

= 2M
—_—

E Iﬂ_ \I—C.@of FQT"M T — g\n_e_—_ \2—-’_—0"&

Gse= ‘g=oF
g__...Q.:_@se )i + (ESing)f
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A water droplet of mass 3.00 x 10-'% kg is located in
the air near the ground during a stormy day. An
atmospheric electric field of magnitude 6.00 x 10° N/C
points vertically downward in the vicinity of the water
droplet. The droplet remains suspended at rest in the
air. What is the electric charge on the droplet?

E = 6*103 N'/C
e =o
3 F+

B~ — q(-8) — Mg =v

|
o

E
J
9 —M%

~12
% |6 ‘%S‘%

3
Ex o3
- @ — Ll‘ﬂ 4@’0?"5 C

E—
P
pm—

P
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Field of an electric dipole

Point charges ¢, = +12 nC and ¢, = —12 nC are 0.100 m apart
(Fig. 21.22). (Such pairs of point charges with equal magnitude
and opposite sign are called electric dipoles.) Compute the electric
field caused by ¢, the field caused by ¢», and the total field (a) at
point @; (b) at point b; and (c¢) at point c. y

. Ve
b) ap = Kl _ 3% ¥ 12X

- AN v

iy (s-a)"
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Coulomb’s Law
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A uniform electric field E is directed along the x axis | 2 ' % s j
between parallel plates of charge separated by a distance N = 90 + &XZxle ( o
d as shown in the ﬁgure. A positive pointv _Z -t = - = 0-89 ¥ | 08" M é
charge g of mass m 1s released from rest 7

at a point A next to the positive plate and
accelerates to a point B next to the
negative plate.

(A) Find the speed of the particle at B

~ (B) Find the speed of the particle at B by modeling it as
~anonisolated system in terms of energy.

by modeling it as a particle under constant W= Yo K,
acceleration. . 2
Jiven E= leo NZ A
=12 nc \-'z,.y.lo_g—y- G2 = J{ QG ;L\EZS] \l'Z
M= § % \0-—‘2,5 \'\’.&,
& M
-9 Vo= 0:-83 %10 MO
:D \:€,= OIE“ = 2% lo % loo
= |2 ¥ 10_6. N

2 £@=mMa T
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An electron enters the region of a uniform electric field
as shown in the figure, with v, = 3.00 x 10° m/s and E =
200 N/C. The horizontal length of the plates is ¢ =
0.100 m.

(A) Find the acceleration Of The ]elect.ron(undergoe% ;a dm(;'l?ward .

. L. acceleration (opposite E), and its motion
the eleCtron Wh]le 1t 1S 1N the is parabolic while it is between the plates.
electric field. . g J

" (%) ¥ N
— £ E — M q‘JJ ¢ ?g GF = (;‘f;"@%)

Sl by = '3X-IDGM/8~
@ Pco\';@_ \J;\'Iz o
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(B) Assuming the electron enters the field at time =0,
find the time at which it leaves the field.

HZ — Moo i —
qX'—_"_G
V= 3 *too Ve
? o |
K= X + N T TSN
&
o= A l -+ —
< o Sl _j =3-8341089

(©) .Assuming the vertical — VGl et
position of the electron as

: , 13
it enters the field1s y, =0, - j] = —35lile” "/
what 1s its vertical position}

whqn it_ leaves the field? A

oy =
~&
« t= 333 ¢l S

J= L iy kytt

i
J: o +sz’<-3-5)—¥'0‘ )(3‘33—)“58)2_
— —0-0135 ™M = —"jS M
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Quick Quiz 22.1 Quick Quiz 22.3

Three objects are brought close to each other, two at a Object A has a charge of +2 uC, and object B has a
time. When objects A and B are brought together, they charge of +6 u C. Which statement is true about the
repel. When objects B and C are brought together, they electric forces on the objects?
also repel. Which of the following are true? (a) F = _3F
(a) Objects A and C possess charges of the same sign. ab =i
(b) Objects A and C possess charges of opposite sign. (b) |F,z =—F;,
(c) All three objects possess charges of the same sign. (c) IF. =_F
(d) One object is neutral. . AB_TBA
(e) Additional experiments must be performed to (d) FAB = -3 BA
determine the signs of the charges. (e) F,s =F,,

o ©,
# = Quick Quiz 22.4
O, S

A test charge of +3 uC 1s at a point P where an external

electric field is directed to the right and has a magnitude
of 4 x 10 N/C. If the test charge is replaced with

another test charge of —3 #C, what happens to the
external electric field at P?

(a) It is unaffected.

(b) It reverses direction.

(c) It changes in a way that cannot be determined.

e
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Quick Quiz 22.5 Assessing to Learn

Rank the magnitudes of the electric field at points A, B, The diagrams below show two uniformly charged spheres. The charge on the

. . right sphere is 3 times as large as the charge on the left sphere. Each arrow
and C shown in the ﬁgure (greateSt magthde ﬁrSt)' represents the electric field at the center of one sphere created by the other.

Which choice best represents the magnitudes and directions of the electric
9 field vectors created by one sphere at the location of the other sphere?

A, B, C 1. @-» I:I >
\\‘\f | 3 L) (= -

C
® F
3. @ 3 = B
/ 4. ‘-€+ )
Assessing to Learn Assessing to Learn
The diagrams below show two uniformly charged spheres. The Two uniformly charged rods are positioned horizontally as
charge on the right sphere is 3 times as large as the charge on the shown. The top rod is positively charged and the bottom rod
left sphere. Which force diagram best represents the magnitudes 1s negatively charged. The total electric field at the origin:
and directions of the electric forces on the two spheres? .
. 1. 1szero.
L, ®-> 57 ol 2. has both a non-zero x component and a non-zero
~ y component.
2. @ G - 3. points totally in the +x direction. 1
. : x i EEETF Y ENYYTYI YY)
3 @ o . 4. points totally in the —x direction.
5. points totally in the +y direction ’
4. <-@ 6. points totally in the —y direction. ’
. ~ 7. points in a direction impossible to determi ’
S. = @ 3 without doing a lot of math. D B '

CREATED BY ENG AHMAD S5ABR| ; +974 5572 4426 FOR THE FULL COURSE ,CHECK OUT: http://Lnx-org-in/



m Electron in a uniform field

When the terminals of a battery are connected to two parallel con-
ducting plates with a small gap between them, the resulting charges
on the plates produce a nearly uniform electric field E between the
plates. (In the next section we’ll see why this is.) If the plates are
1.0 cm apart and are connected to a 100-volt battery as shown in
Fig. 21.20, the field is vertically upward and has magnitude
E = 1.00 x 10* N/C. (a) If an electron (charge —e = —1.60 X
107 C, mass m = 9.11 X 107 kg) is released from rest at the
upper plate, what is its acceleration? (b) What speed and kinetic
energy does it acquire while traveling 1.0 ¢cm to the lower plate?
(¢) How long does it take to travel this distance?

The thin arrows represent

m the uniform electric field.

, ]— = X
T = —d_f 1.0 cm
|

+

—>

")

+ + o+ 4|+
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21.30 -+ A point charge is placed at Figure E21.30

each corner of a square with side
length a. The charges all have the
same magnitude ¢. Two of the
charges are positive and two are neg-
ative, as shown in Fig. E21.30. What
is the direction of the net electric
field at the center of the square due to
the four charges, and what is its mag-
nitude in terms of ¢ and a?

a

tq

a

+q

—q

—q
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21.47 + Three negative point charges lie
along a line as shown in Fig. E21.47. Find
the magnitude and direction of the electric
field this combination of charges produces
at point P, which lies 6.00 cm from the
—2.00-nC charge measured perpendicular
to the line connecting the three charges.

Figure E21.47

—— & —5.00 uC

I
16.00 cm

F-O -4

1—2.00 uC
|
8.00 cm :

Y@ —5.00 uC

8.00 cm
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