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Numerical prbblems I

What is the magnitude of the force of attraction between an iron nucleus

bearing charge ¢ = 26¢ and its innermost electron, if the distance between
themis 1x 10-"?m, (6X10°N)

Charges 2 uC, -3 uC, and 4 uC are placed in air at the vertices of an
equilateral triangle of sides 10 cm. what is the magnitude of reSultant

force acting on 4 pC charge? g
f
@*g ﬁ) o=
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J. A charge g is placed at the centre of the line joining the two charg,

of magnitude Q. Prove that the system of three charges il bc-h
equilibrium if ¢ =-Q / 4.

4. Two equal and opposite charges of magnitude 2x107 C are placeq | Sty
apart. What is the magnitude and direction of electric intensity () ) at,
point mid-way between the charges? What force would act on a py,
(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 10™° C and 13x107°C are place
12cm apart. Find the work done in bringing the two _charges 4 cm closer,

(7.31x10-"])
6.) A hollow sphere is charged to 14uC. Find the potential (a) at its surface

Re: (b) inside the sphere (c) at a distance of 0.2m from the surface. The radius
Yic

Q  of the sphere is 0.3m.

ok W (42x10°V, 42x10° V, 25.2x10'V)
7. 1f 280 J of work is done in carrying a charge of 2C from a place wher
At the potential is -12V to another place where potential is V, calculate the
value of V. (128V)
Calculate the electric potential at the surface of a silver nucleus having
radius 3.4 x10™* m. The atomic number of silver is 47 and charge on é
proton = 1.6 x 10°C, (1.99x10°V)

9. The electric field at a point due to a point charge is 26 N/C and th¢

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

8.

(0.5 m, 0.722x10~°C)

- Two point charges of 8uC and -4uC are separated by a distance of 10c™

in air, At what point on the line joining the two charges is the electric
potential zero?

(6.6 cm from 8 uC and, 3.3 cm from —4u Fché{rge )
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11. 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

ed back? = \'
turned bac ot~ & ed
Yymv’ = aEd (.299m)

|2. Two capacitors of capacitance 4 HF and 8 pF 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.

(2:66pF, 5.33x107C, 133.2V, 66.6V, 12pF, 200V, .08uC, .16uC)

13. Three capacitors of capacitance 4uF, 6uF and 8uF respectively are
connected in series to a 250V d.c. supply. Find (i) the total capacitance
(1) charge on each capacitor and (iii) P.D. across each capacitor.

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

14. If C; = 14pF, C> = 20 pF, C; = 12pF 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 C», three capacitors being connected in
series? _' (24.4 pV)

13. Find the charge on SuF capacitor in the circuit shown in Fig. .

2HF

L _ _ - (9puC)
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jDTwo parallel plate capacitors A and B having capacitance of 2 |

6 uF are charged separately to the same potential of 120V. Now pogiyi,.

plate of A is connected to the negative plate of B and the negative Plaz;

of A is connected to the positive of B. Find the final charge on ¢y
capacitor.

(120 p C, 360 u C)
17. A 6uF capacitor is charged to a P.D. of 120V and then connected to g
un-charged 4 pF capacitor. Calculate the P.D. across the capacitors,

(72 V)

18. Two capacitor of capacitance 8uF and 10 uF respectively are connecte(
in series across a P.D. of 180V. The capacitors are disconnected frem the
supply and are reconnected in parallel with each other. Calculate the new

P.D. and charge on each capacitor. :
(88.8V,710u C,888uC)
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Numerical Problems

1. Solution: Chargi;)n iron nucleus, q, = 26e, Charge on inner most electron, q; = e
Wheree=1.6x10% ¢ ,» Separation,r=1x10"%m.

Coulomb's constant for vacuum, k = 9x 10° N m? ¢,
According to Coulomb's Law:

F=kl=6x107N

2. Solution: q; =2 pC, gy =- 3 uC,q3=4pucC

Separation between any two charges, r=10cm =0.1 m,
Magnitude of resultant force on q3 = F =?

Let F, be the force on q3'due to g, and is given by,
Fi=kEE = 72N

similarly, Let F, be the force on q; due to gz and is given by,

Fa=k -‘%‘:—3 = -10.8 N, the negative sign shows that the force is attractive, and its direction is
correctly represented in the diagram.
Now resolve F; and F; into its components.
For F; :-

Fix= Fcos 60°=3.6 N

Fiy = F15in 60° = 6.24 N

For F; :-

Fax = F2c0s 60° =5.4 N

Fay = F2sin 60°=9.35 N

Then, in the light of the diagram, Fx=Fix+ F;%x=9N
and FY = Fly - sz =- 311 N

Now magnitude of F= [F? + F? = /(9)* + (=3.11)2 = V/90.67 = 9.52N
3. Solution: Let two equal charges of magnitude Q, are placed apart 2r, at points A and C, as shown.
Let q 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 C).

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

: . Q q @
To find F, and F,, we use coulomb's law. C
=k, and F=k-22 A - ——
1 r? ’ 2 {2r)2 r B

= 29 L0 _ 5 5900 _ -0
Therefore, Eq. 1=>k — + k(2r)’ =0 =k3 = o > 4=- Proved

Scanned by CamScanner



4.Solution:- |
q=+2puC andg; =-2puC, separation between the tw

Let P be the mid-point. Let E.F. intensity at P due to q, and q;
directions are represented in the diagram below.

o charges=15cm = 0.15m
respectively are E; and E, . Their Correcs

.075m
A 0075m __E_;EI’ 0 B
2

Thus, E;=k% = 3.2x 10°N/C

and E;= k% = 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
q=1.6x10"C

Let F be the net force, then F = Eq=1.024x 10 N from A to B

5. Solution:

_ -10 . _— 5
c!l =15x 10", g:=13 x 109, Initially separated by a distance, r=12cm=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, ,

1

W= (AU) =k g q2(% - ;z-) =7.31x10°%)
6. Solution:

Lharge vis the sphare, 5 - 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 that
remains constant throughout the volume of a conducting sphere.
Thus for both parts, V = k(g) =42x10°V
Part (c): For a point which is r; = 0.2 m away from the surface of the sphere
V=k(—=)=25.2x10*V

r+n
7.5olution:

Charge to be moved, q = 2 C, Electric potential at pointB, Vg=-12 Vv
Electric potential at point A, Vo=V = ?, W.Done from B to A, Wg.,n =280

As we know that P.d between A and B is , AV = 1’% = 3—29 =140 V

electric potential

As, P.d = (High voltage) - (low voltage) =Va - V,

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, q = 1.6 X 10° C, total charge on silver nucleus, Q = Z q=75.2x 10
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 = (kq)/r = q=(Vr)/k= 0.722 x 10°C
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10.Solution:

that point due tg a0 toqy

Thus according to the statement of the

question, V; + Vv, =0

[(kqi)/x ]+ (kaa)/(r - x
- =0
o a2 _suc )]_4 uc: [(2kQ1)/>; 1=- [ (kqa)/(r - x)]
x -0 x = (‘r—__;—):;=-;:;:>x=2r-2x = 3x =2r
= X = 2['/3 = 0.0666 m =6.6 cm
hence the pointis 5 6cm
"-&lem.yl away fromq; and (r-x)=10-6.6=3.3cm from q; on the line joining
11. Solution:

Loss in K.E = w. done By electric field = qv = qEd

= d=(lossinK.E)/ qE = (% mv?)/qE =0.299 m
12. Solution:

Ci=4pF, C;=8uF, V = 200v

(@) Ceq =? in series

_Ceq= —C1-Cz = 2.6x10°F

Q=Ce¢q V=5.33x10"C
As we know that in series combination, p.dp across different capacitors is different.
V,=Q/C;=133.2V
V,=Q/C;=66.6V
. (b) Ceq = ? in paraliel
Ceq=Cy+Cp = 12x10°F
in parallel the p.d. across each capacitor is same, i.e. 200V
in parallel charge on each capacitor will be different
Q;=C;V=8x10"C
Q;=CV=16x10"C
13. Solution:
Ci=4pF, C=6puF, CG3=8uF, V=250V
(a) Ceq = ?in series.

= Ceq = 1.846 x 10°F

(b) in series combination charge on each capacitor is same, as total charge
Q;=Q;=Q3=Q=Ceq V=462x10°C

(c) in series the p.d. across each capacitor is different.

V1=Q/C;=115.5V

Vz = Q/Cz = 77 V Cl C; C3
V3=Q/C3=57.7V 100V

14. Solution: @ | I I I—————I I-1

Cy=14 pF, C;=20pF, C3=12uF,V =100V, y
2

-~ - "N
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p.d. across C;, Vy =7
In series combination, p.d. across each capacitor Is

different. therefore,
VZ - Q!:tal > (1)

2
To find total charge, first we need to determine the Ceq .

i il 1 1

= —+
Ceq Cl CZ C3
= Ceq = 4.88 x 10°°F
NOW , Quorst = Coq V = 488 x 10 C
thus from eq. (1), V, = (488 x 10°C)/ (4.88 x 10 F) = 24.4 V

15. solution : l I

Let, C; =3 pwF | 2 pF
C2=2p1F and C3=5}.1F II

Let Cag the net/total capacitance between 3 uF
A and B, in fig. 1. Then, - l F

Cag=7 pF
Now the circuit can be re-draw, as shown in fig.2.

| e | -

3 “F 7 p.F

5 uF

Fig. 2 ' : I !

6V

Let Ceq be the net capacitance of fig.2, then C,, = CC‘C‘B =3%7 21
1+ Cag 3+ 7 10

Let Q be the total charge stored in circuit shown in fig.2
Q=CeqV=12.6 uC

Thus charge stored on Cag will also be 12.6 puC. Now p.d. between A and B is

_@ _ 126
V=g = 5~ = 18V

Now chargeon C3, Q3 =C3Vag=5Fx 1.8V =9 uC

=2.1uF
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Ci=2uF C,=6uF .5)(120)=240[1C

Initial charge on A; 6 x 10
Initial charge on B; q2= C.V=(6X
So net capacitance Ceq is

.5)(120):720|J.C

Ceq=C, + C2 =8 uF

When they are connected, net charge ,
Q=q-qi=(720-240 ) uC
Q=480 uC

New potential difference

480x 106
v, =2 = =60V
Coq Bx107°

Now final charge on A;
Q:=C:1Va=(2x10°)(60) =120 uC
And final charge on B;

Q=G Va=(6x10°)(60) =360 puC

acitor is charg

charged 4uF capacitor.

W — e aCitOI'S.

C:=6x10°F V,=120V C.=4x10¢

Q =C 1V 1=
When capacitors are connected in parallg| t

F V=2 (Parallel

(6x10‘5)(120)=720 uC
hen tota Capacitance

c eq = C 1 + C =
As both are in parallel so P.D across hoth wi|2| b( 6+4)uF=1g uF

e Same. pj .
V= Q_720x19-6 given by equation

-—-_-\—-_
C 10x19-6 =72V
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ected in parallel with each other.

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

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

1€ _8x10x10712
T C+Cy  (8+10)10°°

Ceq =4.4 uF

Now total charge
Q=CeqxV={4.4x10°)x180 =800 puC

Since they are connected in series so

g1 =q2=Q =800 pC
Total charge qu: in parallel combination is sum of charges q; & g2
So

Qrotal = Q1 + 2 = (800+800) pC = 1600 pC

When capacitors are connected in parallel, equivalent capacitance is
Ceq=C1+C,=(8+10) uF=18 puF

Total charge qu: in parallel combination is distributed between two capacitors to
have.a common P.D. so new potential difference (V7)across the capacitors is
/_ total charge ( qor) _1600x 10 —6.
"~ total capacitance ( C eq) "~ 18x10-6
New charge on 8 uF capacitor is
Q:=C;V/=(8pF)(88.89) = 711 puC
New charge on 10 pF capacitor

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

=88.89V

—_
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