1.5 Electrostatic Force (Part 1/2)
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Quick review:

Fill in the blanks:

1) (....Chareineby ). Charges will flow between two objects with a different
conduction

net charge connected by a conductive path.

2) (..Electrostatic ). Transfer of charge.
Charging

3) (..Chargingby ): A method to charge objects temporarily.
Induction
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Electric Force:

An attractive electrostatic
force acts between the
positively charged strands
of hair and the negatively
charged balloon.
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Electric Force:

Same sign

F -
(ﬂ) o %

F—>
(b) o 4;0

Opposite sign

FIGURE 113 The force exerted by charge 2 on charge 1: (a) two charges
with the same sign; (b) two charges with opposite signs.
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Coulomb’s Law:

Charge

The magnitude of the electrostatic force linearly depends on the magnitudes of
each charge.

F lql Q2|

Separation Distance

The electrostatic force depends on the inverse of the square of the distance between
the objects.

This relationship is known as the inverse square law and it is a common relationship
in physics.

K
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where (q, ) and (q,) are electric
charges, (r) is the distance between
them, and (k) is Coulomb constant =
8.99 x 10° Nm? / C?

F=k



Coulomb’s Law:

1
F=k ‘qqu‘ "= 41TE,

I'

Where & is the electric permittivity of
F = ‘q1q2‘ free space and is equal to 8.85 x 10°

2 2
47?50 2 C2/Nm
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Coulomb’s Law:

What happens to the electrostatic force when you:
1) Increase q;.

The force increase.

2) Increase q,.

‘ 1 2‘ The force increase.
F — ]( q q 3) Decrease qj.

2 The force decrease.
I
4) Increaser.
The force decrease.
5) Decrease r.
The force increase.
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Coulomb’s Law:

y
A
q, q> Fiss g5
Q Q > X
| = |
| | Foss
| |
X3

FIGURE 115 The forces exerted on charge 3 by charge 1 and charge 2.

F.. _s3=F_3+F_;
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Activity 1: (page: 10)

Concept Check 1.3

You place two charges a distance r
apart. Then you double each charge
and double the distance between the
charges. How does the force between

1.3 mm* lﬂri‘,‘

Legins Juass ooy oot Coning 13
Oasm i) s MS Ciaelin @ .F a3l
it 2,80 g a8lul) Cacla,
i i) o dlgiil) 39all Hlaza

the two charges change? Sazl) ia cascs sasad) 392)) HeSi (a

\qlch\

a) The new force is twice as large. Szl 1ia ces suad) 35l 5e5 (b

F=k

b) The new force is half as large. el da sl sasad) 53l Jaze wjew (€

r c) The new force is four times larger. aleal 2l saad) 3gall Jazg o (d

[ caams Hlazll 3aad) 3520l eSz. (@ ]

d) The new force is four times smaller.

[e) The new force is the sa me.]
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Activity 2: (page: 11)

Concept Check 1.5

Assuming that the lengths of the
vectors in Figure 115 are proportional
to the magnitudes of the forces they
represent, what do they indicate about
the magnitudes of the charges g, and

y q,? (Hint: The distance between x; and

X, is the same as the distance between
0 F‘l"s e . X3 and X}l

Fl-)3

alal < a2
o)|a1] =142

[C)lfhl > |92 ]

d) The answer cannot be determined
from the information given in the
figure.

|

I

I
X1

FIGURE 115 The forces exerted on charge 3 by charge 1and charge 2.
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Activity 3: (Page: 12)

Concept Check 1.6 1.6 pealial! das) o

Three charges are arranged on a a5 ,0 b S S ang
straight line as shown in the figure. 59l olS) L pumzus das e
What is the direction of the electrostatic s i) 3 5550 aSslg,4S))

force on the middle charge? S Aaws)!

990
a9 q

o o o
a)+‘ gy T4 A +(c [«®] » (@

e) There is no force on that charge. e L)) 0is 3 3,550 5358 a3 ¥ (e
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Activity 3: (page:

Concept Check 1.7

Three charges are arranged on
a straight line as shown in the
figure. What is the direction of the
electrostatic force on the right
charge? (Note that the left charge is
double what it was in Concept
Check 1.6.)

o 0 ©

-2q q

q
- oy 94

e) There is no force on that charge.
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Activity 4: (page: 12)

Loyss F=2%X107" M Laylane 28lae goge,d! o Juas

EXAMPLE 1.2 | Electrostatic Force inside the Atom

PROBLEM 1
What is the magnitude of the electrostatic force that the two protons inside the nucle-
us of a helium atom exert on each other?

A distance of approximately r = 2x101> m separates the two
protons.
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Activity 5: (Page: 12)

Gy = 1796 o ald) slg @miy §o = —€ o s AN Al ) Co

PROBLEM 2
What is the magnitude of the electrostaric force between a gold nucleus and an elec-
tron of the gold atom in an orbit with radius 4.88 x 10~ "% m?

The charge of the gold nucleus is g, = +79¢e
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Example 1.3: (Page: 13) T#omid et iyl i
- aas 1 as qz
EXAMPLE 1.3 | Equilibrium Position < o > o .
x; =0 ﬁ1—>3 ! F. !

Fass
PROBLEM : |
Two charged particles are placed as shown in Figure 1.16: ¢; = 0.15 pC is located at the origin, X3
and g, = 035 pC is located on the positive x-axis at x, = 0.40 m. Where should a third charged
particle, g5, be placed to be at an equilibrium point (such that the forces on it sum to zero)?
Yy

q ds qz
Q> Q—=

x;=0 Fi,s l Fass :

I |

X3 X2
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Example 1.3: (Page: 13)

|F1—-3| =|F2_,3|,
which we can rewrite as

We now see that the magnitude and sign of the third charge do not matter because
that charge cancels out, as does the constant k, giving us

q1 qz

(x5 — ?‘11):g - (x2 —Xa)z

or
q(x2— X3 = q206— x ). (i)

Taking the square root of both sides and solving for x;, we find

\/a(xz —X3)= \/q_z(xz- —X1),

J{EX2+ q2x1
X3 =

Jar +ya:

or
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Example 1.3: (Page: 13)

We can take the square root of both sides of equation (i) because x; < x; < x,, and so
both of the roots, x, — x; and x; — x,, are assured to be positive.
Inserting the numbers given in the problem statement, we obrtain

oo Naxe +Jaox OIS pC(04 m)
3T o +Ja,  JOISHC + J0.35 iC

This result makes sense because we expect the equilibrium point to reside closer to
the smaller charge.

=0.16 m.
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Activity 6: =22l fmaomao N

r

Find the force on g, where the distance between g, and g, is 2x10~>m and the
distance between g, and gsis 3x10~°m.

q,=-7.0uC q,=+3.0uC q,=-2.5uC
@ @ @
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Practice:

1.2 The force between a charge of 25 pC and a charge of —10 pC is Lo lane disig 25 PC Lajlane dsmi o dgidd) aaall cols 13) 1.2
8.0 N. Whar is the separation between the two charges? Soplam ) o dlolal) 23Lul) L 8.0 N 5L —10 pC
a) 028 m ) 045 m a) 0.28 m c) 0.45m

[b) 0s3m | d) 0.15m |b) 053 m | d) 0.15m
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Practice:

1.3 A charge Q, is positioned on the x-axis at x = a. Where should g5 o e ) X = 8 abhad) wie X s8] Gle Q) i canny 1.3
a charge Q, = —4Q, be placed to produce a net electrostatic force of —awmi le oo Lajlane 4S0liwy S 558 dlase Jid Q; = —40Q; ai)
zero on a third charge, Q; = @Q,, located at the origin? ¥ dlazm wie d3s3s0 Q3 = Q; .2k
a) at the origin C) at x = —2a x=—2a .- (c Jo¥) aam ane (a
b) at x = 2a d) at x = —a X=—auxc (d [X=Za_\:..c(b]

20

Teacher: Ms. Asmaa Alhameed 1.5 ELECTROSTATIC FORCE (P1)




Practice:

1.5 Two point charges are fixed on the x-axis: g, = 6.0 pC is located

g; = 6.0 pC il colS 13) X j98) e glinds glidam glusi 1.5
e || |;.L||55 .X1 = 0.0 cm L._.:- .O ‘Juas" alaay ace 3.‘:9..'@5.@

at the origin, O, with x; = 0.0 cm, and g, = —3.0 pC is located at point
A, with x, = 8.0 cm. Where should a third charge, g5, be placed on the e ol0 BO CM = Xp s A dhanill (e deginge G = —3.0 UC
x-axis so that the tortal electrostatic force acting on it is zero? 352l Aliass (pS Cums X 5adl Ll .3 allil) asall g ol
e Ld 5,350 ASsliwg 4S)
) 19 cm ¢) 0.0 cm e) —19 cm a) 19 cm c) 0.0 cm e) —19 cm
b) 27 cm d) 80 cm b) 27 cm d) 8.0 cm
q: q> q 9>
Q Qo . Q Q >
@) A (0] A

21

1.5 ELECTROSTATIC FORCE (P1)

Teacher: Ms. Asmaa Alhameed




Practice:

1.6 Which of the following situations produces the largest net force Q i) 3 AP 599 ilass AS) s adld) YL o ‘:gi 1.6
on the charge & —2C Lajluze dimd e 1M a3lus Q= 1C a1 (@
a) Charge @ = 1 Cis 1 m from a charge of —2 C. [.—1Ch,lmm¢,.c0.5majmo=1CMl;i,s(b]
lb) ChargeQz1CisO.Smfromachargeof—lC.] =T, — P 0=1C =
c) Charge @ = 1 C is halfway between a charge of —1 C and a charge s Laslane &imd G a8Ll] coazio é i) gz 1C
of 1 C that are 2 m apart. 2 M asluo Legin Juass 1C Lalans
d) Charge @ = 1 C is halfway between two charges of —2 C that are 2 m apart. Jaws =2 C jlang gumsd oo a8lul) naz 3 Q=1C axil) o= (d
e) Charge @ = 1 C is a distance of 2 m from a charge of —4 C. 2 m adlus Lgeo

—4 C Lla,lazne aimds e 2 M a3l @ =1C aszd) wis (e
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Practice:

1.1_2I lI)f twgvchargec; p.sllll'tlcl?s (tl;e chaFrgbe on eachhls Q)\;a\;g sePa-h o US 2ot) sotis treies crm O Alals 23Lus s ols 13) 115
rated by a distance d, there is a force etween them. at is the A US laie caelins 13) 35a)) ain laie Lo Logas F 253 s geSins (O
02d Ligio a8lul) colS,

force if the magnitude of each charge is doubled and the distance

between them changes to 2d?

23
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1.21 Two charged spheres are initially a distance d apart. The magni- JS § 338l) 392)) )lazne oSy .cremiia 5,5 G d islazn) dolus Junns 1.21
tude of the force on each sphere is F. They are moved closer to each 8 3,350) aal) Jlane oS Cosu o5 Y) o Lealas) 6,80 o 28 & LF g8 3,5
other such that the magnitude of the force on each of them is 9F. By b, o adlwl) 3 sl Jolao Lo (9F Ligaa JS

what factor has the distance between the two spheres changed?

24
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Practice:

1.26 Two electric charges are placed on a line, as shown in the S Ja JSi) s LS patwe das le liab oS glusd cong 1.26
figure. Is it possible to place a charged particle (that is free to move) i i) o peaial) dadk) Jle alam (5" aue (as ) ,_s) O9din s> 2uDg
anywhere on the line between the two charges and have it not move? i Sl o ¥
L L e ]
9 o o -
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Practice:

1.27 Two electric charges are placed on a line as shown in the figure.
Where on the line can a third charge be placed so that the force on that
charge is zero? Does the sign or the magnitude of the third charge make

any difference to the answen?
L

OS¢ ol cJSA)) s LS patas das sle olisl,gS glismd cong 1.27
Lo Sl alday (3 5;15.“ Eaﬂl ,_)353 li.:.:-.:i l"»‘"""'“"” Ja.J»‘UJ_L bl | - {—‘bS
al>¥) 3 3,0 o Lajlane o) &l il 5,la) Gud Ja Saw

L

A
al

s

2.00 C 4.00 C
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Practice:

1.38 Two charged spheres are 8.00 cm apart. They are moved closer o8l 13) .8.00 cm Le lane adluws Login Juows Gligsie 55,5 1.38
to each other by enough that the force on each of them increases four Joaac Legie JS 3 3,350 asnl) lame a3l oS L& oY) o Lealas) ols,S))
times. How far apart are they now? Tane Logio alolel) aalul) Lo caless) dss

Teacher: Ms. Asmaa Alhameed 1.5 ELECTROSTATIC FORCE (P1) 27




Practice:

doay ol olas 1.00 m aslis Login Jaas Gbgdie oMWileio olecus 1.39

1.39 Two identically charged particles separated by a distance of 1.00 m fosom ) Jlazo Lo 100 N Lajlaze

repel each other with a force of 1.00 N. What is the magnitude of the charges?
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Practice:

©1.46 A point charge +3q is located at the origin, and a point charge —q sle —Q adaw Aisdy (Jo¥) ddam aie +3Q adaw Aisd coaing 1.460
is located on the x-axis at D = 0.500 m. At whart location on the x-axis will — ilass sSzw X ;58] [le alam L_si aie .D= 0500 M adandl aie X ,52)
a third charge, g, experience no net force from the other two charges? Uao dygluws Qo 2B amd § 33500 (u,3¥) i) (o (goal)
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Thank you

Link for slides in the description

For inquiries:
Telegram: @Asmaa_Alhameed ’

Email: a.a.alhameed@gmail.com

1.5 ELECTROSTATIC FORCE (P1)



	Slide 1: 1.5 Electrostatic Force (Part 1/2)
	Slide 2
	Slide 3: Electric Force:
	Slide 4: Electric Force:
	Slide 5: Coulomb’s Law:
	Slide 6: Coulomb’s Law:
	Slide 7: Coulomb’s Law:
	Slide 8: Coulomb’s Law:
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15: Example 1.3: (Page: 13)
	Slide 16: Example 1.3: (Page: 13)
	Slide 17: Example 1.3: (Page: 13)
	Slide 18
	Slide 19: Practice:
	Slide 20: Practice:
	Slide 21: Practice:
	Slide 22: Practice:
	Slide 23: Practice:
	Slide 24: Practice:
	Slide 25: Practice:
	Slide 26: Practice:
	Slide 27: Practice:
	Slide 28: Practice:
	Slide 29: Practice:
	Slide 30: Thank you

