


). A charge g is placed at the centre of the line joining the two ¢},

of magnitude Q. Prove that the system of three charges -\-_-
equilibrium if g =-Q / 4.

4. Two equal and opposite charges of magnitude 2%x107 C are placeq 1.
apart. What is the magnitude and direction of electric intensity (f,
point mid-way between the charges? What force would act on 4 p;-(_,;_ll.
(charge = +1.6 x10"” C) placed there?

( .64x10°N/C along AB, 1.024x10~" N along AB )

5. Two positive point charges of 15 x 107" C and 13x10"°C are plac
12cm apart. Find the work done in bringing the two charges 4 cm closer
(7.31x10-"])

LS. A hollow sphere is charged to 14pC. Find the potential (a) at its surfac

&” (b) inside the sphere (c) at a distance of 0.2m from the surface. The radi

Al : :

0~ of the sphere is 0.3m.

ok W (42%10°V, 42x10* V, 25.2x10* V)
7. If 280 J of work is done in carrying a charge of 2C from a place whert

~ the potential is -12V to another place where potential is V, calculate the

value of V. (128 V)
8. Calculate the electric potential at the surface of a silver nucleus havin?

radius 3.4 x10"* m. The atomic number of silver is 47 and charge on

proton = 1.6 x 107°C, (1_99)(10(3 V)
9. The electric field at a point due to a point charge is 26 N/C and the

electric potential at that point is 13 J/C. Calculate the distance of the poil
from the charge and magnitude of charge.

(0.5 m, 0.722%10~C)
’ r 'iIl‘]wo. p(jlnt charges of 8uC and -4uC are separated by a distance of 10
air. At what point on the line joining th : ctric

potential zero? J g the two charges is the ele .

- (6.6 cm from 8 uC and, 3.3 cm from —4u F charge ) i
T I"‘l.'v-' - N e 3 : -\- L] :
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|1. An electron with an initial speed of 29x10°ms-' is fired in the same
direction as a uniform electric field with a magnitude of 80 NC-'. How
far does the electron travel before being brought to rest momentarily and

turned back? K AN
_ KE = ¢ Ed .
bymv’® - a Ed (.299m)

| 2. Two capacitors of capacitance 4 UF and 8 uF are first connected (a) in
series and then (b) in parallel. In each case external source of voltage is
200 V. Calculate in each case the total capacitance, the potential drop
across each capacitor, and the charge on each capacitor.

(2.66uF, 5.33x107'C, 133.2V, 66.6V, 12uF, 200V, .08uC, .16uC)

I5. Three capacitors of capacitance 4uF, 6pF and SpF respectively are
connected in series to a 250V d.c. supply. Find (i) the total capacitance
(i1) charge on each capacitor and (iii) P.D. across each capacitor.

(1.84 u F, 460x10-°C, 115 V, 76.6V and 57.7 V)

14, If C; = 14pF, C; = 20 pF, C; = 12uF and the insulated plate of C; be at
potential of 100V, one plate of C; being earthed, what is the potential
difference between the plates of (>, three capacitors being connected in
series? , (24.4pV)

3. Find the charge on SpF capacitor in the circuit shown in Fig. .

D
2 UF
____i }_-.
3UF A :
SHF
| |
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____’Dl'wo parallel plate capacitors A and B having capacitance of > |
6 uF are charged separately to the same potential of 120V. Noy,

plate of A is connected to the negative plate of B and the nega, .

of A is connected to the positive of B. Find the final charge o
capacitor.

(120 C, 360 1 O
I'7. A 6uF capacitor is charged to a P.D. of 120V and then connected (,

un-charged 4 pF capacitor. Calculate the P.D. across the capacitr,

(72 V)

15 Two capacitor of capacitance 8uF and 10 pF respectively are connecte
in series across a P.D. of 180V. The capacitors are disconnected from the
supply and are reconnected in parallel with each other. Calculate the nev
P.D. and charge on each capacitor.

(88.8V,710pn C,883uC)
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Numerical Problems
1. Solution: Charge on iron nucleus, q; =

Wheree=1.6x10%° ¢ ’

26e, Charge on inner most electron, g; = e
Separation, r =1 x 102 m,
Coulomb's constant for vacuum, k = 9x 10° N m? £

According to Coulomb's Law:
F=k®2=6x10°N

2. Solution: q; =2 uC, g, =- 3 uC,g3=4pucC

Separation between any two charges, r=10cm =0.1 m,
Magnitude of resultant force on Qs =F=?

Let F; be the force on g; due to gi and is given by,
k= o N

¢

similarly, Let F, be the force on g3 due to g, and is given by,

Fo=k qlgi = - 10.8 N, the negative sign shows that the force is attractive, and its direction is
i

correctly represented in the diagram.

Now resolve F; and F, into its components.
For Fq :-

Fix=Fycos 60°=3.6 N

Fiy = F15in 60° = 6.24 N
For F; :-

Fox = F;cos 60° = 5.4 N

Foy=F,sin 60°=9.35 N

Then, in the light of the diagram, F,= Fy, + F5, =9 N
and Fy=Fy, - F;,=-3.11 N

Now magnitude of F= |F2 + F? =092 + (=311)2 = Y9067 = 952 N

3. Solution: Let two equal charges of magnitude Q, are placed apart 2r,

at points A and C, as shown.
Let g is a charge placed at mid point B. In order to prove that q=- % for which the system of these

charges is in equilibrium, let we focus on charge placed at point A. Let F, be the force on Q (at A) due to
q (at B). Let F, be the force on Q (at A) due to Q (at Q).

Then, according to the statement of the problem, Fi+F,=0-->(1)

' Q q Q
To find F, and F,, we use coulomb's law.
Qq QR A L ! r C
F1=k?,and F2=k{2r)2, r B r
=124 Q0o L g9 - Qa ! . R
Therefore, Eq. 1 => k = k—-{z?)2 =0 =k ik zryz > 4=-, Proved

Muhammad Ashfaq Malik, Edwardes College Peshawar
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wo charges =15cm =0.15m

4.Solution:- ion between the t
- n i I -
-2 uC, separatio and g, respectively are E; and E; . Their cor,

g, =+2uC andq; = .
Ltlet P be the mid-point. Let E.F. intensity at P due to q;

directions are represented in the diagram below.

p 0.075m B
A 0.075 m ,_'_.El
2

—

Thus, Ey= k- = 3.2 x10° N/C
and E,= kz—: = 3.2x10° N/C (the negative sign has compensated by representing the direction)

As E; and E, are in same direction therefore, net E.F. Intensity,

E=E, +E =6.4x10° N/C=0.64 x 10° N/C, from A to B

To find the magnitude of force on a proton placed at mid-point, we know that charge on proton is
g=lex i c

Let F be the net force, then F = Eq = 1.024 x 10 N from Ato B
5. Solution:

= -10 ; o :
ql =15 X107 C, ;=213 x 10 ¢, Initially separated by a distance, r, = 12 cm = 0.12 m
final separation between charges, r; =8cm=0.08 m
As we know that in an electric field work done appears as change in electric P.E (AU)

therefore,

W= (AU)=ka; oo — £)=731x10")
6. Solution:

Liarge o the sghars, g = 24 uC =14 x 10° C, Radius of the sphere, r=03m
The solution for part (a) and part (b) is the same because we know
remains constant throughout the volume of a conducting sphere.

Thus for both parts, V = k(g) =420\

Part (c): For a point whichisr; =0.2 m away from the surface of the sphere
V=k(——)=252x10*V
r+Ty

that electric potential

7.Solution:
Charge to be moved, q = 2 C, Electric potential at pointB, Vg=-12 V

Electric potential at point A, Vo =V = ?, W.Done from B to A, Wa...a = 280 J

As we know that P.d between A and Bis, AV = ﬂ’:’—"z %9 = 140 V

As, P.d = (High voltage) - (low voltage) = V4 - Vg
or Va=AV +Vg =140 +(-12) = 128 V
8. Solution:

Radius of silver nucleus, r = 3.4 x 10"** m, Atomic number of silver, Z = 47

charge on each proton, g = 1.6 x 107*° C, total charge on silver nucleus, Q=7 q = 75.2 x 10°° C
Thus electric potential at the surface of the silver nucleus, V (kQ)/r = 1.99 x 10°v
9. Solution:

(a)E=V/r, r=V/E = 13/26 =0.5m

(b) As we know, V = (kg)/r = q=(Vr)/k= 0.722 x 10°C

_______—5—'_.___ —
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10.Solution:

IS x m from g, and (r-x)

: m from g; on the Jine
at point due to g,

electric Potential at th
that point dye to q,

atement of the

V, = electric potential at

question, V, +V, = 0
; : i 1 2
L(l Q1)/x ]+ (kaqj)cf(r X)=0 = [(kgy)/x 1=~ [(kaz)/(r - x)]

[ q» —4 uc 2
= P —5 = (o 1
x (r—-x) x ?'-x):b;:;:;: X=2r - 2x = 3x =2r
= X=2r/3 =0.0666 m = 6.6 cm
hence the point i
“them W & akayiom Q1 and (r-x)=10-6.6 = 3.3 cm from g, on the line joining
11. Solution:

Loss in K.E = w. done By electric field = qV = gEd

= d=(lossin K.E)/ qE = (> mv?)/qE =0.299 m
12. Solution:
Ci=4puF, C;=8uF, V = 200v
(@) Ceq = ? in series
Ceq = S 2.6 x10°F
@=Cn =533%x10"C
As we know that in series combination, p.dp across different capacitors is different.
Vl = Q/ Cl =133.2V
Vz = Q/Cz =66.6V
. (b) Ceq = ? in parallel
2Ceq=C3+ Gy = 12 x10°F
in parallel the p.d. across each capacitor is same, i.e. 200 V
in parallel charge on each capacitor will be different
@i =CyV=8%x10"C
€L =C, V=16%10"C
13. Solution:
Ci=4puF, CGo=6pF , CGG=8uF , V=250V
(a) Ceq = ?in series.

1~ G

it il 1 e O | 2
Ch L n PR T g
=5ICeq = 1.846 x 10°F
(b) in series combination charge on each capacitor is same, as total charge
Q=Q;=Q;=Q=Ceq V=462x10°C
(c) in series the p.d. across each capacitor is different.
Vi=Q/C;=1155V
V,=Q/C;=77 V
V3=Q/C3=57.7V

CI C2 C3
100 V
14. Solution: .——I |—I I——-I l_—_—L
V, B

1_6+4+3 13
8 24 24

Ci=14 uF, C;=20pF, C3=12 uF,V=100V,

= _ a = | = WS L
MuhacaCad Ao v 1. vwi_ 1~ M n



5, V3 = ?
p.d. across Gy, V; i I,
In series combination, p.d. across each capacitor Is

different. therefore,
| Qeotal = 1
V= e (1)

To findztotal charge, first we need to determine thelCEq : :
1
e g
Ceq C‘i C2 C3
= Ceq=4.88 x10°F
Now , Quora = Coq V = 488 x 106 C
thus from eq. (1), V, = (488 x 10°C)/ (4.88 x 10°F) = 24.4 V

15. solution : F

Let, Cy = 3 uF 2 uF b
Co=2uF and C3=5pF II A

Let Cag the net/total capacitance between 3 uF l l

A and B, in fig. 1. Then,

Cag =7 WUF 5 uF

Now the circuit can be re-draw, as shown in fig.2.

Fig. 1
N I

7 uF
F
31 I F
Fig. 2 &
| 4
l I
6V
. . = _CiCap _3x7 _21_
Let Ceq be the net capacitance of fig.2, then Cgq = z. :_ PR e 1

Let Q be the total charge stored in circuit shown in fig.2

Q=0CeqV=12.6 puC

Thus charge stored on Cag will also be 12.6 1C. Now p.d. between A and B is,
- 128 _ 18v

Vag=m= ==
AB
Now charge on C3, Q3 =C3Vag =5 puFx 1.8V =9 uc



Cy=2uF C,=6 uf A 2x10_f,)(120)=z40pc
Initial charge on A; ql'"'ClV"( 10"
Initial charge on B; CIZ:CZV:(EK
S0 net capacitance Ceq iS
Ceq=Cy + C2 =8 uf
When they are connected, net charge
Q=qz-9:1= 720 - 240 ) uC
Q=480 pC
New potential difference

( 480 x 10 ~°
Vn: l = T& =60V
C ¢q 8x 10

Now final charge on A;
Q1:C1Vn:(2x106)(60)= 120 [J.C
And final charge on B;

Q=CVa=(6x10°)(60)=360 uC

C:=6x10°F V,=120V  C,=4x10%f

Q = c 1 V 1=
When capacitors are connected in paralle t

V=2 (Parallel )

16x10) (120 ) = 729 ¢
Con= hen total Capacitance

: cq—C1+C2:(5+4)uF:1
As both are in parallel so P.D across hoth iy b 0 uF

€ Same o} .
Q_720x19-6 given by equation
C




C,=8x10°F  C,=10x10°F V =180 V (Series )

v/=2q:=? and g.= ? when connected in parallel & supply removed
In series combination, equivalent capacitance Ceq IS

€C1C; 8x10x10712
eq — =

= = =4.4 uF
C1+Cy (8+10)10°°

Now total charge
Q=CeqxV=(4.4x10")x 180 = 800 pC

Since they are connected in series so

q:=q2=Q =800 pC
Total charge gt in parallel combination is sum of charges q; & q;
So

Qotal =1 + Q2 = (800+800) |.lC = 1600 |.1C

When capacitors are connected in parallel, equivalent capacitance is
Ceq=c1+C2=(3+10) qu 18 uF

Total charge q.: in parallel combination is distributed between two capacitors to

have.a common P.D. so new potential difference ( V /) across the capacitors is
i total charge ( q o) = 1600 x 10— 1 SR
total capacitance (C o ) 18x10 -6 '
New charge on 8 uF capacitor is
Q;=C,V/=(8uF)(88.89) = 711 puC
New charge on 10 WF capacitor

Q;=C,V/=(10pF) (88.89) = 888.9 C

_—




