Magnetic Effect Of Current & Magnetic Force
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TOPIC : MAGNETIC EFFECT OF CURRENT & MAGNETIC FORCE ON

CHARGE OR CURRENT (EMF)
EXERCISE#1

SECTION (A)

&

do o M@_i)
B=2R = 2R = R2rn 2n

w/2

He100x1.6x107"9 x 10" x 2n

or B = 47x0.8
B =10- po
Hol
B= 2R
uoaf Mo 9©
Bo= 2R = 2R. 2n
o
Bo=20-x R
r=0.5%x10-10m
f=5x 101
i=gf

1.6 x 10-19 x 5 x 1015 =8.0x 104 A= 0.8 mA

When a charged particle moves through a perpendicular magnetic field, then a magnetic force acts on it
which changes the direction of particle but does not alter the magnitude of tis velocity(i.e. speed)

x x x x é x x X x

x x X x
v
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X X Px x

x x x x

x x X X

L
x X x x >p X X X x
Note: If a charged particle moves at 45° to magnetic field then path of the particle will be a helix whose
circular part has radius according to relation
mvsin©o

qB

r=
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Magnetic Effect Of Current & Magnetic Force

6. After passing through a magnetic field, the magnitude of its mass and velocity of the particle remain
same, so its energy does not change, ie., kinetic energy will remain T.
7. Due to flow of current in same direction in two adjacent sides, an attractive magnetic force will be
produced due to which spring will get compressed. '
8. Electrons, protons, and helium atoms are deflected in magnetic field so, the compound can emit
electrons, protons and Hez: .
SECTION (B)
DC
1. A B
Bo = Bas + Ber + Bapo + Boc
Now Bas = — Boc and Bao = — Bec then Bo = zero
—q/2 Poge P
E‘T’
2. i
Point P on the extended part of line they
Br=zero=0
Kol
3. B= ™R (sing, + sine)
0,7+
L S, W
e,%.o"”
—>
L/:Jf,.-"
L/2 _ 1 _ 4 o {2)(4]
2 2 2(1/4+1/16) 25
sings JIL/22 +(L/ 47 2 ) . 5. 4nR(2/5
4,
B = V5rL

&
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Magnetic Effect Of Current & Magnetic Force

i
i,
i |3cem
PR $ \d
" 4cm P
4,
Be = B,.®+B,®
Ho_i1+M 2x107" x 2 .\ 107" x1.5
= 2nn 4nn o 4x107 3x107 = 15x10stesla
A
5, c &
6 = 60°
Perpendicular distance of C from any side
B =3B: as Bae = Bec = Bca = B:
3 % g
= AT (sin6: + sinGy)
_a_
r= 2\6 and 01 = 60° =02
3xpgi 243 L 2x J3
Bc = 4t a 2
TR
Bc = 2na
4 O
6. th
Perpencicular distance from side of "O" is a cos 30°
J3a
r= 2
Bhret = GB,
Mol 6><;,L0ix2x2x1 \/guoi
=6x 4™ (sin 30° + sin 30°) = 4n3a 2 _ ma

&
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Magnetic Effect Of Current & Magnetic Force

7. For external points the current carrying wire behaves as if thewhole current were concentrated at theaxis,
Hol
so malgnetic field at far points from axis B = 27 remains unaffected if diameter of wire is changed.
Bo 15 o 51 _ 2x107 x w25 Mo
8. B= 2t r 2.5 = 2n
1 B_2
10. “Bo T f
Ho 1isinas)x4 2J§ Mo
11. B=2nr ma
Mo ld/sin® dé’_ildl xr
12. Biot-Savart's law, dB = 47 . Invector form, 4n r?
Lol Hg
14. 21X — 2ny
15. > Iz
“’_{)
2r (i —i2) =10
Mo
2r (ii +i2) =30
r r |,
! g hel, 3 o2
= =iy _ 1 = 2 = 1 Ans.(3)
16. If the current flows out of the paper, the magnetic field at points to the right of the wire will be upwards &

to the left will be downwards as shown in figure.
-

—> |

®-

\._ - é

Now let us come to the problem.

Magnetic field at C =0

Magnetic field in region BX’ will be upwards (+ve) because all points lying in this region are to the right of
both the wires.

(o) * (¢}

X ~ ~ X'
A C B

Similary

Magnetic field in region AX will be downwards (-ve)

&
4
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Magnetic Effect Of Current & Magnetic Force
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Magnetic field in region AC will be upwards (+ve) , because points are closer to A, compared to B.
Similarly Magnetic field in region BC will be downwards (-ve).
Graph (2) satisfies all these conditions. Therefore correct answer is (2).

17. Magnetic field on dI element due ot current izis
Bo b
B=2tr L @)

Unit force acting on dl element

F
dl=iBsin(90°-6) .. (ii)
E = ﬁﬁc:ose
Thus, dl 2nr
Wp iyiz dlcos B
F= 2nr
18. Let R be radius of a long thin cylindrical shell.

To calculate the magnetic induction at a distance r (r < R) from the axis of cylinder, a circular loop of
radius r is shown :

Since, no current is enclosed in the circle so, from Ampere’s circuital law, magnetic induction is zero at
every point of circle. Hence, the magnetic induction at any point inside the infinitely long straight thin
walled tube (cylindrical) is zero.

Hol r Hol a
2 2"
19. By= 2n@ where O<r<a, B.= 2ma” 2
Hol Hol B
Bi=4ma’  p,= 2m(23)  (atr=2q), B -1,
20. Magnetic field inside the infinitely long pipe is zero at all points.
Holy Holp

21. Magnetic field due to AB and CD are 27d and 27 respectively

A

b1

&
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Magnetic Effect Of Current & Magnetic Force

Ho 2 12
——fI7 +1

Bhet = 2nd 1 2
SECTION (C)
1.

By }JoiRz _ Hol
o 2 2,\3/2

Br= 8 = 2(R" +x%) 2Rx8 R =a(given)

8R3 = (Rz2 + X2)3n

2R = (Rz2 + X2)12

X2 = 3Re

X = J§ R= J§ a
2.

B Hoi/ 2a 22

Be ppia®/2(a®+a’)*? 1

u_w[i]_u_cﬂ[i} “_o'[l_iJ
3. Bo= B®@+B.® 358 zero due to 6: P and RS a + "0" = 4n\n ) 4nlr) _ 4nin o
¢ 7a ®
4.
. 2 . -
[TE:! _ Mol Ho!
B = 2(@%+(2a)*? 10V5a _, g = 10y/5a
2B
"" ant
"‘ BI
6.
HgiN y2  MoiN Ho IN
k2 r2  ——(1+3 —.2 e —
= Bret = B1 +Bz = 2R ( ) = 2R = Bret = R

7. Suppose the magnetic field produced due to each coil is B.

&
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Magnetic Effect Of Current & Magnetic Force

The two coils are kept perpendicular hence, the angle between these is 90° therefore, the resultant
2 R 2 2 2
magnetic field is given by = VBZ +B +2BB.00s90° _ 282 + 287 x0 = V2B% =By2
Hence, the ratio of magnetic field due to one coil and the resultant magnetic field is given by
B
B 12
- V2B
8. Magnetic induction at the centre of current carrying coil
Ho Ni
B= 2& 0
Suppose the length of the wire be L. Ist case : For coil of one turn, let radius be ru.
LL
L=2nrixn  or n= 2nxN = 21 (*“n=1)
2nd case : For coil of two turns, let radius be r2. - L=2nr2xn
L L ry
or rp= 2nxXN = 21x2 (n=2) or r.= 2 From Eq. (i), we have
I,
1x L
Bi m on B, 2 By 1
B, - oMy or B, - rx2 B, _4
9. At the centre of circular coil carrying current, the magnetic field is,
KNI
B= 2r
where N = number of turns in the coil
i = current flowing
r = radius of the coil
Given, N =1000,i=0.1A,r=0.1m
Substituting the values, we have
47x107 x1000x0.1
B= 2x0.1 = 2n x 104 = 6.28 x 10 tesla
Bo 0.
11. Use B=4ntr
12. Magnetic field at the centre of circular coil

MoNi
B= 2r
L
Istcase:N=1,L=2nr=r= 2T
Mo xTxi  poi
- B= r  2r
liInd case: N=2,L=2x 2nr'
Lo o X 2Xi Hox2 _ Aol _
N p=4n 2 . B= 2 _ 2x(r/2) 2r

Note : Magnetic field at the centre of circular coil is maximum and decreases as we move away from the centre

13.

&

(on the axis of coil)

Magnetic field at centre of circular coil A is
UpNi
Ba= 2R
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Magnetic Effect Of Current & Magnetic Force

R is radius and i is current flowing in coil.
|,I.0N(2I) uoNi B_A
Similarly Bs= 2(R) _ 2R =B -4
14. The magnetic field at the centre of circular coil is
Hol
B= 2r
i
where r = radius of circle = 27 (v I'=2nr)
wi o 2w pgin
B= 2 x I = i (|)
when wire of length | bents into a circular loops of n turns, then
1
l=nx2nr = r= Nx2n
Thus, new magnetic field
LoNi  poNi nx2n Lgin
B'= 2r' = 2 «x I = I xn
=n2B [fromeq (i) ]
15. The magnetic field at a point on the axis of a circular loop at distance x from the centre is
HoiR2
3/2
2(R2 + xz)
B=
Given: B=54 uT,x=4cm, R=3cm
Putting the given values we get
. 3 2
_Moix(3) i ol
2, 42\%? 32 3
o4 o 2(3% +4?) L sgo 228)° _2x(5)
54x2x125
. p.oi = 9
poi = 1500
Now, putting x = 0 in equation (i), magnetic field at the centre of loop is
RoiR® i 1500
B= 2x3 = 2R = 2x3 =50 T
SECTION (D)
1. 4n R 4z R = 4 R
)
Ko \2)
2, Use B= 4t R
“—O.e.i{l— 1}
3 B = 4n n o
4. Magnetic field at the centre of a circular coil is

&
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By 2
B= 41 r

where i is current flowing in the coil and r is radius of coil
At the centre of coil - 1,

Ko y 27y

Bi= 4™ )
At the centre of coil -2
Ho 2mi,

B.= 4T 2 i

but B:=B:
Bg 2mly  pg 27y in iy

4 4n 1, or

As r=2r.

vy
< 2[’2 2 or i1 =202
Now, ratio of potential differences
V, ipxr,  ipxr 1

SECTION (E)

Mo -
1. B= 27R

B« N
So the magnetic field will be double

2. I=0.1m,i=3A
poNi; HoNziz

i
£y L, - HOXE[N1+NZ]

N =40

N =50
i=3A

_ 4nx1077 x3x900
1 =4 x 3.14 x 10.7x 3 x 900 = 33912 x 10>= 3.4 x 105

&
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Magnetic Effect Of Current & Magnetic Force

5. N =200/cm,i=2.5
@xZS
s

B =po.ni=4nx10-x 100 = 6.28 x 102 Wb/m:
6. B(2nr) = wo(i—i) = 0
7. B = poprni= 10-7x 4t x 4000 x 1000 x 5= 8nT= 25.12T

o 4 l_,[ | anz
. [P'd' _ Mo
9.
S
dl
=0
B=0 Ans. (2)
B _ ik
10. B = poni or B « ni By Ny
n E - xL_ =1
Here, mi=nyn.= 2,i1=i,i»=2i, B1=B Hence, B, n/2 2 or B-=B
i R?
Ho T[R2 4
27 E

11. Binsice = 2

&
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) 4

Hol )

3R Hgl
2 - M
"o _ 3R

Boutsice =

Energy density « B2

2
& {E} 9
e, - 1B2] _16

12. Loop (1)

loop (4) B= 21 =g Ans. (C)
SECTION (F)
m_V _ V2mK 1
2. Rr= 9B aB or K= 2 mVz and K=qVolt
J2mpeV,
or ge or K=q Vo= eB =8cm
J2mpeV, Mg
Ro= B  5=v2 R, andme= 2 =2 xg8=1131cm
2nm
3. T= B

T, 2n4m;/2eB
T, 2mmp/eB _,

6. F= qVB
Fuvax = qMaxVB

L 4

&
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B B,
7.
8. >B
V] B
F=0
1
9. Qv = 2 mv2
2qV
mv m 2mv
R=GB - a8 _ VqB’
R M
R, m,
2
mo (R
m, Rg
N
B
-q(V ><<B) / s Vx B
E
6]
/ J\V
10. S
F towards west
So particle will be deflected towards west Ans. (2)
B
)
o
\J//
>V
11. V sinG
mv?
R =qv(Bsin0)
mv
R = dBsin®
mv
12. (2) Radius of the circle = Bd
or Radius «« mV if B and g are same.
(Radius)A > (Radius)s MaVa > MsVs

&
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13.

14.

15.

16.

The charged particle will be accelerated parallel (if it is a positive charge ) or antiparallel (if it is a negative
charge) to the electric field, i.e., the charged particle will move parallel or antiparallel to electric and
magnetic field. Therefore net magnetic force on it will be zero and its path will be a straight line.

When particle describes circular path in a magnetic field, its velocity is always perpendicular to the
magnetic force.

Here, 6 =90°
P=0
W

But p=t = W=P.t
Hence, work done W = 0 (everywhere)

If electron moves in a magnetic field at an angle 6 (other than 0°, 180° or 90°), its velocity can be resolved

in two components one along B and another perpendicular to B . Let thetwo components be V; and v. .
Then

N .
> B vsing

1=

v

/7
L vcost
e,m
V| = vcoso
and Vi =V Sind
The component perpendicular to field (v.)gives a circular path and the component parallel to field (V)
gives a straight line path. The resultant path is, helix as shown in figure.

The radius of this helical path is
vsind

mv,  mvsin® @
r= eB - eB or r=\mM
Given,v=1x10sm/s, B =0.3T, 6 = 30°
i

M =1.76 x 10u C/kg

1x10% sin30°
r= 1.76x10""%0.3 - 1.76x10""x0.3

1x1o3><1
2 __10%m

Key Idea: For a charged particle to move in a circular path in a magnetic field, the magnetic force on
charge particle provides the necessary centripetal force.
hence, magnetic force = centripetal force

mv? qvB  q(re)B qB
ie., quB= T or qvB=mrw: (V=rw)or wz= mr mr or w= M
If n is the frequency of rotation, then
o 9B
w=2nn=>n= 2% = 27m
q

Note : In the resultant expression M is known as specific charge. It is sometimes denoted by a. So, in terms of

&

o , the above formula can be written as

2
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Ba
w=Baandn= 27
q
17. M = 10s C/Kj
v=3x10s m/s

06=30°,B=03T
™ 10°x3x10°
R= B.gsin® _ 0.3x1/2 =2cm

19. g=1C,B=0.5T,v=10m/s
F=qgBv
=1x05x10=5N

20. v =8.4 x 10s m/s
1mv2
2 =eV
e _1v: 1 (8.4x10°)
= m 2V =2 200 =1.75%x 101

24. m = 9.0 x 10-s1 kg
e=1.6 X100
B =1.0 x 10-« Wb/m2

2mm  2x3.14 X9.0><10*31
1= Bg - 1.0x10* 16x10™" _35x 10,

25. m=0.6gm, g=25nC,v=12x 104 ms=
: mg = B. qv
mg 0.6x107° x10
B= OV = 25x1079x1.2x10% _ 9

26. Force on a moving charge
F = qgvB sin®
~ 8=0thensine=0
~ F=0

27. Fup

28. Since, electron and proton have same momenta so, the same force will act on them by the magnetic field.
F=qvBsin®
=qvB (-6 =90°)
Hence, both will move on same trajectory (curved path)

29. Magnetic needle is placed in non-uniform magnetic field. It experiences force and torque both due to
unequal forces acting on poles.

&
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30. The force per unit length between the two wires is
F_Ko 2 o
1 4n° d - 2nd
The force will be attractive as current directions in both are same.
31. When electron is projected in an electric field, then velocity of electron will decrease.
32. Magnetic force F=quB ... 0]
Centripetal force
mu2
F=r L. (i)
From Eq. (i) and (ii),
X X X X X X X X X
\'J
X X
X X
X ) X
X
X X X X X X X X X
my® mo
r =quB = r= aB
The time taken by the particle to complete one revolution,
27r 2nmu 2mm
T= Vv = qB = qB

33. Straight line

35. Magnetic force can not do any work, so kinetic energy remains constant. Since initial velocity is
perpendicular to magnetic field, hence momentum will change.

36.

sinB =

1
=2 = 0 =300
2

&
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— BB
______________ _——0
37. »n
mv  2x10°x4.38
I'particle = qB = 2X1073 x1.2 = 4cm
L
P -u =2
lmage = 8CM
SECTION (G)
+ —
+ -
+ Z
+ f—
M -
+ —
-
+ —
+ e —
3. + -
= Fe=Fnm
E.e=B.e.v
E 200
B=V 4x10°x10°% _ 0.05T
mv sin6
5 rR= Bag
2mm
6. p = (vcose) x B.q
7. For electron to pass undeflected,
electric force on electron = magnetic force on electron
ie. eE = evB -
or v=1B or B
8. v=2x10sm/s,B=15T
E.g=B.qv

v

E=Bv =3x10:x M
10. Key Idea Centripetal force is provided by the magnetic force qvB.
The radius of the orbit in which ions moving is determined by the relation as given below
mv?
R

=qvB

&
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where m is the mass, v is velocity, q is charge of ion and B is the flux density ofthe magnetic field, so that
sz
qvB is the magnetic force acting on the ion, and R s the centripetal force on the ion moving in a
curved path of radius R.
The angular frequency of rotation of the ions about the vertical field B is given by
v @B_,,
w= R =z m
where v is frequency.
Energy of ion is given by
1 2 2p2,.2
T w2 lm(Ro:.)2 —mRZqu—2 1RBq
E= 2 =2 =2 m or E=2 m (D)
If ions are accelerated by electric potential V, then energy attained by ions
E =qV ...(ii)
From Egs. (i) and (ii), we get
qV = 2 m or m RZB:2
a, 1
If V and B are kept constant, then m _ R?
11. If E is the electric field strength and B the magnetic field strength and g the charge on a particle, then
electric force on the charge
F. =qE
. -
and magnetic force on the cha,rge,':m fqv XB, -
The net force on the charge F=F +F, =qE+quxB
12. At point P, Maxwell cork skew rule defines the direction of magnetic field and Fleming's left hand rule
reveal the concept of force on the charge in this field.
According to Maxwell's cork screw rule the direction of magnetic field at point P in plane of paper is
perpendicular to the plane of paper inwards i.e., along z-direction.
Now since charge is moving along x-direction therefore, from Fleming's left hand rule stretching the fore
finger in direction of paper inwards the thumb will indicate the direction of force F acting on the charged
particle along oy.
Alternative : As discussed above, B acts inwards into plane of the paper and v is along ox hence,
A A A
i j k
v 0 0
>~ o -8 . . .
F=q (VxBl-g =Q[i (0)-) (~vB) +k (0) =+ /QuBi.e., force is along oy direction.
13. The time period of electron moving in a circular orbit
circumference of circular path  2gr
T= speed = V and equivalent current due to electron flow
e__e _ev
=T (2rr/v) 2nar
Hol _ poev v
- . -
Magnetic field at centre of circle B = 2 Anr > B=r« B _
14. When a charged particle g is moving in a uniform magnetic field B with velocity V such that angle

&

between V and B be 8 then due to interaction between the magnetic field produced due to moving
charge and magnetic field applied, the charge g experiences a force which is given by
F =qvB sin6
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If 6 = 0° or 180°, then sin6 =0
F=qvBsing=0 _
Since, force on charged particle is non-zero, so angle between vV and B can have any value other than
zero and 180°
Note : Force experienced by the charged particle is Lorentz force.
15. Key Idea : To move on circular path in a magnetic field, a centripetal force is provided by the magnetic
force.
When magnetic field is perpendicular to motion of charged particle, then
Centripetal force = magnetic force
mv2 myv
=Bqv Ba
ie, R or R= P9 Further, time period of the motion
on| MV
2R Bq 2mm
T= V v or T= Bqg It is independent of both R and v
16. Key ldea : Centripetal force is provided by the magnetic force qvB.
The radius of the orbit in which ions moving is determined by the relation as given below.
2
mv
=qvB
R q
where m is the mass, v is velocity, q is charge of ion and B is the flux density of the magnetic field, so
mv?
that qvB is the magnetic force acting on the ion, and R is the centripetal force on the ion moving in a
curved path of radius R.
The angular frequency of rotation of the ions about the vertical field B is given by
v ¢gB
O=—=—=27v
R m where v is frequency. Energy of ion is given by
1 2 2n2.2
T2 1m(Rco)2 —mR’B? q—z 1RBq°
E=2 =2 =2 m* or E=2 m (i)
If ions are accelerated by electric potential V, then energy attained by ions
E=qV
From Eqgs. (i) and (ii), we get
1 R2B2q?
gv=2 m
q _ 2V
m R?B?
If V and B are kept constant, then
q 1
— o ——
m R?
17. If both electric and magnetic fields are present and perpendicular to each other and the particle is moving

&

perpendicular to both of them with Fe = Fm. In this situation E#0 and B#0
But if electric field becomes zero, then only force due to magnetic field exists. Under this force, the charge
moves along a circle.
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18. Inside bar magnet, lines of force are from south to north.
- - =
19. F=q(vxB) _ _
F1 B = aijs 1" toB
Soa.B =0
7x-21 =0
x = 3.0 Ans.
SECTION (H)
1. i=1.2A, ¢=05B=20T
F=Bit=12x05x%x2=1.2N
2 10cm ¥ £=2m
2 10A 2A
poxi1i2xf 10x2x2
F=2t T =2x10,x 10x107% —gx 104N
3. i=2A,B=5x104T,086=60°/¢=05m
F = Bi¢ . sin60
NE)
=5x104x2x05x 2
=5x%10-4% (0.5)x 1.732=2.5x 1.732 x 10-4= 4.330 x 10-4=4.33 x 104 N
4. Field produced by loop at the centre will be along the axis of the loop i.e. || to st. wire .

So F =i(i xB)=0

5

&
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N
{+)
/v /
m e
/ 3 F
(e)
S

5. B
Electron beam will experience force towards east that is towards proton beam.

6. As shown in the figure, let the conductor Y carry current iz,

iw' Piz

— Force —
B®—> «—®B

— R —»

X Y N
situated in a magnetic field B perpendicular to its length. t therefore,
experiences a magnetic force, the magnitude ofthe force acting on a
length | of Y is

(H_oig},

F=iBl==i 2" R
From Fleming's left hand rule the direction of this force is towards X. Similarly,
force per unit length of X due to Y is directed opposite to Y.
Hence, the conductors attract each other.

7. Net force on a current carrying loop in uniform magnetic field is zero. Hence the loop can’t translate. So,
options (c) and (d) are wrong. From Flaming’s left hand rule we can see that if magnetic field is
perpendicular to paper inwards and current in the loop is clockwise (as shown) the magnetic force Fo on
each element of the loop is radially outwards, or the loops will have a tendency to expand.

Ay
>f\< i
dIB
X x x
. (] T
\do/ x x
o
8 ".' x X X
(@] do BIL
2Tsin * 2/ = 1diB > 2T 2 =IRdB >  T=BIR= 27

&
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&—

2

) 4

9.

11.

12.

13.

&

—  —

MxB = Q

. o

t= 0
Loop will Not rotate
Fi1 > F
So loop move towards the wire Ans. (3)

(20 % 20)
Fi1 = 27l

1o(20 x 40)
F, = 2rl

—

F
20l ool . [40

2

F1 and F2 both points in the same direction towards 40 A wire.

The FBD of the loop is as shown

F1< I > F,

F,

Therefore, force on QP will be equal and opposite to sum of forces on other sides.

(F, —=F)° +F2

Thus, For=
Alternative :
F, Q
F,sinb
FI
F,
F,
F.cosb
S R
F.
Fssin 8 =F2
£, g2
Facos 8 = (Fs—Fu) r= VR -F)+F

Force acting between two current carrying conductors
Yo ﬂ|
F=2cr d . @)

where d = distance between the conductors,
| = length of each conductor

b C20) gy,
Again % F = 27 (3d) J=_2n 3d
Thus, from equations (i) and (ii)
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Foo2 2
F = — 3 = F’: 3 F
SECTION (1)
2. N =100,B=1T,i=1A
t=NIAB =100 x 1 x (0.1 x 0.2) =2 N-m
4. U = —MB
U= MB
>B
> M
W =AU = 2MB
= 2x25x0.2
= 1J
5.
6.
t=MxB=0
7. Whgn a bar magnet is placed in an external magnetic field a magnetic toruge acts on it, which is given
by T = M xB
8. If there are N turns in a coil, i is the current flowing and A is the area of the coil then magnetic dipole
moment or simply magnetic moment of the coil is
M = NiA
9. r=5cm,i=0.1A
M=N.i.A=1x0.1xmr2=0.1x3.14 x (5 x 10-2)2=0.1 x 3.14 x 25 x 10-4= 7.85 x 10-« Amp - m2
L
11.  r= 21
5 = —
1=MxB = B sing
2
(L] 128
e =MB=1.mr.B=1.7" 2"/ B= 41

12. M =NIA = IA

&
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(2BRJ
1=\ Mo

(ZBR}
M=\ Ho ) xR,

27R*B
M = Mo
16. The time period of bar magnet

ol
7= \MH

where M = magnetic moment of magnet
| = moment of inertia
and H = horizontal component of magnetic field
when same poles of magnets are placed on same side, then net magnetic moment
M1 =M + 2M = 3M

[ [
Ty=2n VMH _ 5 V3MH (i)

When opposite poles of magnets are placed on same side, then net magnetic moment
Me=2M-M=M

2jt\IMIH - zn\/ﬁ
T2= 2

From Egs. (i) and (ii), we observe that

...(ii)

Ti<T2
17. As revolving charge is equivalent to a current, so
o
I=gf=qx 2n
v

But w=R

v
| = 2nR
Now, magnetic moment associated with charged particle is given by
u=IA=1xnR:

v
u = ZT[R X T[RZ

1

—qvR

= 2q
18. => W = MB (1 - cos8)
mB
= W = 2
2 MB = 2W
Torque, cyk?kw.kZ t = MB sin 60°
MB V3 2W.y3
-2 2 WS

&

2
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19.

20.

21.

w qo

Current, i = (frequency ) ( charge ) = (2“} (2g)= T
S
Magnetic moment, M =()A="""/ (nR2) =(quwR:)

Angular momentum, L =2lw =2 (mMRz2) w =

U=M-B =_MBcos#6

—

Here M = magnetic moment of the loop

8 = angle between M and B
U is maximum when 8 = 180° and minimum when 6 = 0°. So as 6 decrease from 180° to 0° its P.E. also
decreases.

30°
60°

=

MB sin 300
1

Ninr2B x 2

-
1

1

500 x 1 x 1t x (0.01)2 x 0.4 x 2
nt X 10-2 N-m

SECTION (J)

&

_Hp |
%= 2R 0
e +/8i.2nR?
p= 4t RPx)2
from (i) and (ii)
Mo i Mo V8.i.2nR?
2 'R 4 (R2 +X2)3,’2

1 J8.R2

R (RZ + x2 )31‘2
(Rz2 + x2)3

3
(Rz2 + X2)a2 = &R
(R2 + X2)3 = 8Rs = (2R2)s
R2 + x2 = 2R2
X2 = R2 = X=%R

When a current is passed through the galvanometer coil, then a magnetic field B is produced at right
angles to the plane of the call, i.e., at right angles to the horizontal component of earth's magnetic field
H. Under the influence of two crossed magnetic fields B and H, the magnetic needle of galvanometer
undergoes a deflection 8 which is given by the tangent law. Using Tangent law, we can find a relation

| < tan®

2
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which clearly indicates that tangent galvanometer is an instrument used for detection of electric current
in a circuit.
Note : A tangent galvanometer is most accurate when its deflection is 45°

SECTION (K)

10.

11.

12.

13.

&

Iron is a ferromagnetic substance. There are no magnetic lines of force inside a frerromagnetic
substance. So equipmetn may be protected by placing it inside teh can made of a ferromagnetic
substance.Hence, it is placed inside the iron can.

According to Ampere's circuital law
B2nr) = o x 0

or B=0

So, inside a hollow metallic (copper) pipe carrying current, the magnetic field is zero.

But for external points, the whole current behaves as if it were concentrated at the axis only, so outside
_ M

Bo 2nr
Thus, the magnetic field is produced outside the pipe only

Electromagnets are made of soft iron. The soft iron has high retentivity and low coercivity.

Attracts N: strongly, N2 weakly and Repel Nz weakly.

EXERCISE # 2
20 M
B: = 4n
8, [
T l r
B,
107 x1x 2
3
= (N - 2x105T
Mo M
B. = 4nr’ = 10,7 N Bt = V5 x104T (2 Ans.

Charge the rest produces only electric field but charge in motion produces both electric and magnetic
field.

In observer frame of refernece
V, 5
-—
ReP
r

V-6 @—=0

®)
@
l

<

Hol
B= 2ar Ans.(1)

H: = Magnetic field at M due to PQ + Magnetic field at M due to QR
But magnetic field at M due to QR =0
Magnetic field at M due to QR =0
Now  H: = Magnetic field at M due to PQ (current 1)
+ Magnetic field at M due to QS (current 1/2) + Magnetic field at M due to QR

2
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H. 3 o2

:H1+2+O:2H1 H2:3

- Magnetic field at any point lying on the current carrying straight conductor is zero.
5. The magnetic field at P(a, 0) due to the loop is equal to the vector sum of the magnetic field produced by

loops ABCDA and AFEBA as shown in the figure.

Magnetic field due to loop ABCDA will be along | and due to loop AFEBA, along K. Magnitude of

magnetic field due to both the loops will be equal. Therefore, direction of resultant magnetic field at P will

1 -
—(i +k)

be V2

This is a common practice, when by assuming equal current in opposite directions in an imaginary wire

(here ALI’S), loops are completed and solution becomes easy.

E Bl E Bl E Bl

6. ABCDA — ABCA + CDAC

= po(it+is) + po(iz—is) = po(is +i2)
7. Radius of the circular path is given by

mV  {2Km
r= BAd = B4 Here K is the kinetic energy to the particle
e IM V2 V4
So,r 9 if Kand B are same - ifaite= 1: 1 . 2 =1:+2 .4
Hence la=rp < Id
o
Z
y
® O]
[ -l
— X
v B Wires are in x-y plane

8. e d » and velocity in z-direction

&

Net magnetic field due to both the wires will be downward as shown above. Since angle between vV and
B is 180°
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Therefore, magnetic force

F —q(vxB)=0
10. <£

In uniform magnetic filed force acting on a closed loop = 0.

bR F.
L I

11.
Resulted force will be at on angle with x as well as y axis
12. V51 = L
L
M2 = 2 x L x 2
A K,
i
L >
|
i
v
M2 = \/E = Ho o — \/E
13. Ratio of magnetic moment and angular momentum is given by
M a
L = 2m
which is a function of g and m only. This can be derived as follows :
s
[ﬂ] qor? M 2 q
A - > —
M=iA = (qf) . (r2) = (q) 2m (mrz) = 2 andL=lw =(Mrw) ~ L= Mo =2m
B
) I'i E
14.

F =BiL= 104 x10%x1= 10 s N

HoNiI
15. Bnutang = 2r
0.34x10*x2x.2 17
i = 47x107" %20 — 10n Ans. (1)

17. Area=a» + 2 —a+ 2 = A=
R

18. Case-l x< 2

&

2
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<x<R
2 2
nxz—n[EJ J ”—OJ Z_R—
2 2x 4
[B] 2mx = po = Bl =
Case-lll X>R
- =
J' B. df
= Mo |
2
R
[nR2 - E(E] ] J Hod 3
|B| 2rx = po = B|= 2X 2 R,
3u,JR?

BI= 8

S0

1Bl
22. Co(cobalt) is a ferromagnetic substance.
23. Positive charged particle are deviated towards north pole in magnetic field.
24. For paramagnetic materials, magnetic suspectibility is inversely proportional to the temperature i.e,,

proportional to T-1.
25. When a loop (of any size)is placed in a uniform magnetic field, then the force acting on the loop is zero.
26. Magnetic field atcentre of a circular coil,

! i
Honi 1 Pl2) g

B= 2r Here N=z= 2 B= 2r = 4r

27. For parallel wires, same direction currents attract and opposite currents repel.

1

The magnetic force between two parallel wires «
AB and CD are symmetrical relative to wire EF, so, they exert equal and opposite forces on EF.

&

L 4
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As wire BC is nearer to EF as compared to AD and current in both wires is ame, so wire BC exerts larger
force than that of AD. So, wire EF will be attracted towards the loop.
28. Magnetic field at the centre of solenoid = poni
29. In a uniform magnetic field, the torque acts on a magnetic needle but forcedoes not. Therefore t 20, F =
0
30. The formula for radius of circular path is
mv__v
eB [ e JB
r= m
&
Given: M of electron = 1.7 x 10uC/kg, v=6 x 10-m/sand B=15x10-T
6x107
11 -2
r=1.7x10"x1.5x10" =235x 10, m=2.35cm
31. Torque acting on the magnet is given by
— I — —
t=MxB Here M =magnetic moment B = magnetic field
32. When a charged particle enters a magnetic field perpendicularly, it moveson a circular path. Therequired
centripetal force is provided by magnetic force.
i.e., magnetic force = Centripetal force
2 mv
qvB = mv mv
or r r= aB
Now kinetic energy of the patrticle,
I mv2
K= 2 = my = v2mK
Therefore, Eq. (i) becomes
V2mK fe _ |Me
r= B or r < Jm "o Mo
AS Me <Mp; SO, le<Tp
Hence, trajectory of proton is less curved.
33. T=IrB
Ter
34. Magnetic field at the centre of circular coil of n turns and radius r is

&

Mcni HoNiy

B= 2r for first coil, Bi= 2n
HoNiy

For second coll, Bz = 2rp Hence, resultant magnetic field at the centre of concentric loop is

HoNiy _ Honiy

_ 2 2r, : _ — - -
B= Given, n =10, i1 = 0.2A, r: = 20cm = 0.20m,
" 10%x0.2 10x0.3:| 5
0 - — U,

= 0.3A, 12 = 40cm = 0.40m - p= L2x0.20 2x040]_ 470
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35. Paramagnetic substance is one, whose atoms have a permanent magnetic moment and whose atoms
have an excess of electrons spinning in the same direction. Hydrogen atom is one such example. While
property of diamagnetism is generally found in those substances whose molecules have even number of
electrons which form pairs.

36. Key Idea To move on circular path in a magnetic field, a centripetal force is provided by the magnetic
force.

When magnetic field is perpendicular to motion of charged particle, then
Centripetal force = magnetic force
2 mv
mv® _ Bqv =
ie, R or R= B¢
Further, time period of the motion
27 mv
2nR Bq 2mm
T= v v or 1= Bg
It is independent of both R and v.
37. As revolving charge is equivalent to a current, so
o v
I=gf=qx 2 Byt w = R where R is radius of circle and v is uniform speed of charged particle.
qv
Therefore, = 2nR Now, magnetic moment associated with charged particle is given by
p=1A=1xnR:
qv 2 1
= R _
_2R ™ R
WU
38. Given gy = 2gxradius of circular path in a magnetic field is given by
mv Brq Bzrzqz
r= B9 = v= m = vo= m
B2r2q2
or mvz= M
2.2 .2
12 - Bra
KE = 2 2m ()
When charge particle is accelerated by potential V, then its kinetic energy
KE =Vq .. (ii)
From Egs. (i) and (ii)
B2|'2C|2 BZqu
Vq = 2m = m= 2V
m o r2q
m _ra RE g R
m, g, R 29 2R
39. According to tangent law in magnetism,

&

B = Butan®
Given, Bn=0.34 x 10-4 x tan30°
0 =30°
0.34x10™*
B =0.34 x 104 x tan30° = J§ =1.96 x 10sT
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40.

41.

42.

43.

46.

47.

48.

&
4

Given, N = 50 turns/cm = 5000 turns/m
| =4A
Magnetic field at an internal point = ponl
= 4n x 10-7 x 5000 x 4 = 8nt x 10-3= 25.12 x 10-s Wbh/m2
wenl  25.12x107°

Magnetic field atoneend= 2 = 2 =12.56 x 10-s Wb/m:
Magnetic field at an internal point = ponl

As particle is moving without deviation, therefore
Eq = Bqgv
E_10*

B= vV 10 =10, Wb/m:

Before using the tangent galvanometer, its coil is set up in magnetic meridian.

1 27t,|7=i
l
Loh (M, -M,)B M2

Divinding eq. (1) by eq. (2)
M, 5

M, 4

N=48,A=4x 10-m:
B=0.2
sensitivity

1=cC.0
NIAB=c. 6

© 0
(= NAB
NAB 0

1= ¢ I =gensitivity

w =AU
w1 = PE (cosBi — cosbr) = w=0.8J

Given, gy = 20x
Radius of circular path in a magnetic field is
Given by

2
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mv Brq
r= Bg v= m
B’r’g® B%rq?
T2 2
v2= M or mv.= M
2.2
1 mV2 _ B“r q
KE= 2 2m L (i)
When charge particle is accelerated by potential V, then its kinetic enrgy
KE=vg ... (ii)
From Egs. (i) and (ii)
2r2q2 B2r2q
Vq = 2m m= 2V

m o rzq
m_\j2mK
49, R=9B @B
Rp _m e 1
Rd e y2m /2
Ri_pp
so P (None of the given answers)
H_ 9
50. Ratio of L 2m

51. Area of loop = 20 x 10 = 200 cm:
=2x102m:2

d ~
A=(2x102M?)i
(as loop is in yz plane).

T= MxB—l(AxB —1
SO.

=12x2x 105 (1) x (0.31 +0.4))
=12x2x0.4 %102 % 102 (k) =9.6 x 102k (Nm)

52. The time period of oscillations of magnet

L mL?
MH . .
T=2n where | = moment of inertia of magnet = 12

(m, being the mass of magnet)
M = pole strength x L
When the three equal parts of magnet are placed on one another with their like poles together, then

NG
p=12 \3/),\3) y3-12 9 -9

and M’ = pole strength x 3 x3=M

| =

&
4

2
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(”9] 1
Hence, T' = 2n MH => T=3xT
2
T =3 sec
Holz
53.  Be= 2R
4nx107" x4
= 2x0.021 = 4x105 Wh/me
Hoh
Bo = 2R
Bs s
[, = 3A
:BO
[, = 4A
Q
4 x107" 3
_  2x02n
=3 x 10-5s Wb/m2
5\2 5\2
B2 4 B2 \/4x10 +{3x10
p= VP TRa - ( )l ) = 5 x 10.sWh/m:
EXERCISE # 3
PART -1
1. When a charge g moves with velocity V' inside magnetic field of strength B, the_n) force on charge is
called magnetic Lorents force. The magnetic Lorentz force is in direction of_)ve_‘ctor\"XB
Magnetic Lorenz force. 'Il1e magnetic Lorentz forcer is in the direction of v B,
-
F=alvx gj *  at - 6
Magnetic Lorentz force q( =—2x%10- [(21 +3])x 2j]x10° 8 N along negative z-axis
2. The work done in rotating a magnetic dipole against the torque acting on it , when placed in magnetic
field is stored inside it in the form of potential energy.
When magnetic dipole is rotated from initial position 6 = 6. to final position 6 = 62, then work done =
MB(cos 8:— cos 62)
(1_1J 2x10% x6x107*
= MB 7 2 =6J
3. Current produced due to circular motion of charge q is

&

| =gf
Magnetic field induction at the centre of the ring of radius R is
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B o2 _ Kol poaf
4R 2R - 2R (Using (i)

4, Electromagnetics are made of soft iron because soft iron has low retentivity and low coercive force or low
coercivity. Soft iron is a soft magnetic material.

5. Net force on a current carrying loop is zero in uniform magnetic field

&

L 4
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6. The loop mentioned in the question must look like one as shown in the figure.
AY
. >
[
z
_ ] (Hoi}
XY | oD
Magnetic field at the centre due to semicircular loop lying in x-y plane, 2(R negative z direction
1[M_oi}
Similarly field due to loop in x—z plane, Bx. = 2\ R in negative y direction.
Magnitude of resultant magnetic field,
N2 N2
| Mgl i Lol
/B2 +B2 - (”—OJ +[—°J Mol 5 o
B = X 2 4R 4R _ 4R 2\/§R
7. Magnetic moment of the loop.
M =NIA=2000x%2x1.5x% 104=0.6 J/T
1
torque t = MBsin30° = 0.6 x 5 x 102 x 2 =1.5x 10 Nm
9. The magnetic momentum of a diamagnetic atom is equal to zero.
10. Bar magnet exert zero force on stationary charge
11. Net force on a current carrying loop is zero in uniform magnetic field
12. A - diamagnetic
B - paramagnetic
C - Ferromagnetic
D - Non magnetic
13. v and B are in same direction so that magnatic force on e-1 becomes zero only electric force acts.
But force on e-: due to electric field opposite to the direction of velocity.
I,
F.
11
. A 4
Fs‘_ _’Fa
+
14. l':z
F1 > F2. hence net attraction force will be towards conductor.
LI
15. B= 2R |=T =¢f

p
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wodf
B= 2R .
16. For stable equilibrium
U =-MB =—(0.4) (0.16) =-0.064 J
17. Since magnetic field is in vertical direction and Needle is free to totate in horizontal plane only so magnitic
force can not rotate the needle in horizontal plane so needle can stay in any position.
18. Time period of cyclotron is
T 1 2mm B_ 2mm o
v- eB N e
rR-Mv P ex 2nmy R
eB=eB 5 p=eBR= € = 2mmuR
p2 (211:rnuR)2
KE=2m = 2m  =2mmu:Re Ans 3
B,
» B,
19.
il
B:.= 2R
Ho (21}
B, = 2R
21 5 gl
B2 2 _ Mo(2) fo7 V5 g
Bhet= 2R
v2mK

200 R= 9B

R _|K
R, VK but R=R.  then K=K =1 MeV

21. W = Usinal — Uiniiat =MB (cos 0 — cos 60°)

@=\/§J
w=2 (i)

.

- 2
t=MxB - MBsin6oe=* © /.. (ii)

&
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22.

23.

24,

25.

&

From eq. (i) and (ii)

L_23x\3

(stable)
(instable)

el Y

/N

Do not experience a torque in some orientations
Hence option (3) is correct

N
E

W E

S

F_ma, 2may

E=d € (West) for 3a0 towards east we have to apply B = &V (downward)
@ - Jm? + m? + 2mmcos90° = v2m
(b) < I > Mee=m-m=0

30° > _\/m2+m2+2mm00330° :m\/2+\/§

(C) Mnet =

2
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26.

27.

28.

29.

&

(d) 60° Mot = \/m2 +m? + 2mmcos 60°

is configuration (c) 6 is least SO Mnetis maximum.
Z

X

. (@)
B due to wire (1) Bt =\ 2md

_ (Hoizj A
B due to wire (2) B2 = \2md) _]y
MUg
— [
|Bred| = 2nd |1+|§

e e
i= T = (1/n) = gn = equivalent cunenl
Hol  Hgne
Bc= 2r = 2r

% ol

4R
g, = 2!
47R

I " oa
L0 (-2k - =i
So, B = 47R

If r = radial separation

( Hol ]r Hol {EJ Hol (1}
B =B = \27R?) _ (2nR*)\2) _ 27R\ 2

gl “_0'(1]
B = Boutside = 27 = 2nR\ 2

2

144 | Page

L 4



Magnetic Effect Of Current & Magnetic Force

) 4

30.

31.

32.

33.

34.

35.

&

B:B=1:1

Ur = 1+X
appropriate is diamagnetic

FBC

S N

Fag < L »Fcp

A i D
FAD
Fec cancels Fao
uoliL poliL
211["} ZR[?’LJ 2ot
FNet = FAB — FCD = 2) _ 2) - 3n
d)self =Li
(4 x 1073)(1000) = (L)(4)
L =1 Henry
i
l-l_oi: Hoi(2m) _ Hom
i
Hohi _ uoni n’ugni -n2B
2r 2[£J 20
BI = 2[‘!7‘:
mv
rR= 9B
w-Y _GB
R m
©_19g 1.76x10""x3.57x10 2 _10°Hz
f= 2n 2m m _ (2x3.14)
For equal

i’B cos 8 = mg sin 6
i’/B cos 6 = (A)gsin®

2
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A 0.5x10

i = Btane = 025 tan300 =11.56 A
i[Bcoso

Fm = i[B

mg sind
0 mg
36. From ampere circuital law

§BdD=pJ

|
I'= x Ttr?

| 2
—F X T7r
B2nr = |0 7R?
I

B=_Ho 2l

2R
Binsdie 0 I
Boutside

§Bdn=pdk
B2nr = pol
Hol

2nr

Ba1
r

37. -+ At point A, angle of dip is positive and earth's magnet north pole is in southern hemisphere so angle
of dip is positive in southern hemisphere
A is located in southern hemisphere
B is located in northern hemisphere

mv. P 1
38. r=AWB -0 _ o @
G
ro Gn
2
=1
=2:1
po xNx|
39. For toroid Ba = 2nR
Ho x 200 xI Ho x100 %1
Bu= 2tx40x107% g, = 21x20x107?
Ba: = Baz
L L L
40. BF' = Bwire+ Barc

&

2
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41.

&

L

Bwire = 0
uo Moxip 92 ¢y Mol B4 gy Hola p Skoly gy
Bac = 2R 2n 2R '2n° ' - B8R 8R
i1= 4,i2:4 = ac = 32R _ 32R =0
B.-0+0=0

AC Emf should change its direction
In all graphs direction of Emf is changing hence all are AC.

PART - I

B \
X <\ @ X'
»| »
\ d N d \
Towards left of both wires direction of B is downward and at mid point between two wires, magnetic field
is zero

1

A W

L.R
(ARd0O) I
del
)
()
dB |
|
(M_oJﬂ
dg = V4R | = AR dO
/2 A /2
I dBcoso Hot .[ cosO do Hoh Hol
27 — 2
B= -n/2 = -n/2 = n = wR ANS.
ik
q|3i+j+k+3 4 1
1

—_

.

F=qE+vxB] _
_qBi+j+2k+i)-12-1)-j(-9-1)+k(3-4)] _ q[3i+]+2k-13i+10j-K]
= Q100+ 114K g 2 g0

q Magnetic dipole moment
oM — Angular momentum

Magnetic dipole moment(M)

2
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M= 2M
bo(da)( o
5 dB = 2r 21
f g_to® Q
B = 4n TcRZ
Koo Q
B= 21R?
HooQ
27R
1
Bx R
2mE
6 r= 3q =
me kv/m
.= 24 - ¢
7. Bret = B1 + B2 + Bn

i

rdr
r
Am Vm
ro —0> h=k—
q = q = o
=re<frd.
> N
A+ B

H

+ B s
' B2

A

© L

v S
o (M, +M,) 107(1.2+1)
a3 H 3
Bz 41 1P - (0.9 +3.6 x 105 = 2.56 x 10-s wh/m:
8. For solenoid
B _y
Ho
B = ponl
H=nl
100
= 3x10s= 92 x7
| = 6A
9 Fi=F -

&

2
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Because net resultant will be zero. and equal because of action and reaction pair

. u Holz 7
- & 2n(2Lsin0)
0
A

10. Mg
IZ
_ Mot pcose
A(gsing = 2n(2L sin0)
rgnlL
2sing VMo cosO _ l.
11. For stable equilibrium angle should be zero and for unstable equilibrium angle between M and B should
be mn.
I
12.
Magnetic field at centre of circle
Hol  Holm
Ba= 2R = [ [Also ¢ = 2rR]
1%
59
4pel .
—8(23|n45°) 16,1
4n— \FZ—
Magnetic field at centre = 2 = el [Also 4a = /]
Ba_
Now B8 8v2
13. Since area of hysterics curve of (B) is smaller it is suitable for electromagnet and transformer.

14. M=6.7 x 102 A—m?
| =7.5 x 10-% kgm?

7.5x107°
2m | 211\/ e 279102 2nx107 |2
T= MB _ 6.7x107° %10 — 6.7 - 67

I75
27, [—
t=10T = 67 - 6.65 sec.

&

2
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15.
ol
Dipole moment (m) = InR2 = Magnetic induction (B) = 2R
1
Boa——
Jm
Bi_ Im_f5
BE m1
16. For circular path in magnetic field.
_ v2mE
qB E = kinetic energy
So
e p a
m 1/1836 1 4
q —e +e 2e
fp=Ta>Te
F
17.
2y polm N X pol mx
2 2 2 2 2 2
Total force = 2 F sinB. = 2mld? +a® o +a? _ n(d +a )
m x 2 = M = | x nta? (magnetic moment)
MOI az l.lo] 82
i 2 2i 2
Total force = 2|d" +a >= 2 (As d >>a)
ol
18. Magnetic field at centre of an arc subtending angle 6 at the centre is 47T 8.

&

_[ Ko 1 1 J“ L -7 3( 2
B=| "o |x10 - I T q07x10% =
(4n] (3x102 5x102)4 _4 ~ " 15

B=—Lx10%=2x10"°

30 3 ~105T
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19.

20.

21.

22.

23.

24,

25.

&

B = poH
poni = po X H
100

02 x52=H
H = 2600 A/m
L

For a circular loop, L = 2nR1, Ry = 2T

I I
Mol _Hol oo

B = R 2L

L
L = N2nR2 Ry = 27N
NHol ol ooN

Bee R, 2

gE=qvB ... (1) & r= qis ........ (2)

for a circular coil of N identical turns

i _ ].1012TC « 2L 1

2L NpgIx2nN N2

mV

qBZr 1.6107"9x0.25x0.5x107°

m= E = m =
Work done = 2MB = 0.02 J

w = 2nn rad/s

Po ydx
dQ =p.dx=
_dQo
- 2n
dM=dI x A

dl

IdM = EZ_U;'% x.nx2dx

TC"POEF
= M= 4

At 45°, Bu = Bv

ﬂ]=RABV

2 =mx ¢ x By
2m[By

102 =2 X 10—24 kg

= F= [ =36x18x 105N =6.5x 105N

| =xH
20x10°°

107°  —x60x 103
1

= x= 3x10%=3.3x10%

2

from (1) & (2) :
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26.

27.

28.

&

1
Xm X T
2.8 _ 300
X 350
> X =3.267 x 10
2
I= Bo xC
21
By =, —
0 C

ol 47x107" x10®
B,ms:v—: T a_an®
N C 3x10

2
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