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; . . . ) Field Due to bent wire ; ;
Biot-Savart's Law Formula of Field due to straight wire Field due to polygon eg: equilateral triangle
dBoc Zdisine 1) At point P
o p B is into the plane
dB= H, IdlIsino
An ks 7 B:%%(sinousin B), ® t
. - HoI [1+cos0/2 |
- bil = =
wipomsmSme PR e T © '
Ho=4mx107
In vector form,
Bt rdixr —
dg=e-pdls /
B . 8y wein i / 9 KT
dB is perpendicular to bothdi and . BY using right hand B, z J_I-
screw rule we can find direction of magnetic field B ¥ il
2) AN . _ _
L f a total lenght | is bent as an equilateral
Here, B is into the plane \\ R . triangle,each side has length 1/3 then,
N\, & I
1 AN e - 27 HI
g, .7 1 - _ oy MoI [1-cosb/2 B= 5
v mwmeerail gl o -
N \ I/
N\
AT~ AN
\N\\ b
" Extend AB d ds and draw a perpendicular from P ( Neutral Points \
Points at which magnetic field becomes zero are called neutral points.
( Square \ ( Hexagon \ Case 1: Parallel wires carrying current in same direction (I,>I,)
I B=%% (sinx-sinp), ® !
N
0(\ Il I2
B £, | 00 | F
3) Wire of infinite length

KT
_%a“_r,®

M O V I N ‘ 4) Wire of semi infinite length
YoL (sin90+sin0) f Rectangle

Magnetic field circulates around the current carrying wire K I
I If y is the distance from 2™ conductor then

=90 and p=90 —°(=90'ép I —_— o

rp=90° ) ¥ —
B=YI (5in90+sin90) | LI,

r
Case 2: Parallel wires carrying currents in opposite direction (I,>I,)
\_ :

AN

BT b L
I
T Note:- I
< H A R G E 5 = ",,Ir | ‘ To find field at P |
I P
=900 | Cw .
ﬁnp bI ez BCP /(_ Case 3: Wires perpendicular to each other
& Soo o T P Field wll be zero on all points of the line OP
I Pt o p
pz.-...--é_-.u--.op1 // ::-:% \\\\ I // I !
ad ! T S , /’ Comparing with y=mx+C we get. I
‘ * I _ _ | —z— a
M G N E | S M B(P)=B(P)=0 |I slope

\-

X
5
;
X

. AL S L A AL AL S S . L AL AL S S S L S AL S S L L L A AEEL S L L AL L AL S L S L A AL AL A L L S S AL AL AL SEEL S AL A S AL S . . S . . e o

Get More Learning Materials Here : & » &) www.studentbro.in




Field at the axis of a ring

he line integral of magnetic field ov

Wire perpendicular to plane Field due to a circular ring & Field at the centre of ring / Ampere's Cicutal Law \ ( SolgCyiingee \
Tl er a B H

closed loop is equal to M, times the total

1) Current directed out of plane B, = g ;I current enclosed by the loop
a B is in anticlockwise direction I B,= H I R? e ’
——x——-—P Z(XZ"'RZ)S/Z f_éd_l’ = M T osee :: I -")id_r g ]
2) Current directed into the plane ] o R s e
Field at the axis in ] Outside : r > R

o Example
B is in clockwise direction . o terms of field at center AI
Every current carrying loop acts as a magnetic dipole B ’ ’ l B, = Z;Er‘
I

M=IA B = :

ois = 23/2 ; R P § 5
Direction of field Direction of A is determined using right hand thumb rule (1+ RL: 372 L 'L 'L ) + B, a%
P Here, M=IA => M=I=R? l | l On the surface r = R

1) i
:®—]_. =MoL H 2M____
. _ g 2 B=Io Graph =
2 Clock .o 24+R2)372 I s
ockwise (X R ) l fﬁB,dI = ML -I,+1] 2TR
If current is flowing in anticlockwise direction Inside (r < R)
ML

B =
I x=0 x— " anZ)
\ B.xr
P t h in Field ( i i
If current is flowing in clockwise direction ex:i:: ,aegf,gcfﬂ?ﬁ;,':t,': Hollow cylinder (pipe) Graph
for the points on the axis
I % change in B = 1-(1+ x2/R%)"" x 100% |T3 Note
2 _ R
3 x B, =B, —
x= For change < 10% =[-—X — | x 100% r
I, ALY I R T R [ [N SON— & B=B &~
™ . in s R
Graphs . | B N\t
Hi ) !
. I ON 5
1) I out of the plane,I,>I, . . . Outside : r > R % ) r=R r—
Magnetic field lines . FEREVA
for a current loop - ' \

MOVING
L r=0 N L On the surface : r = R
\T \ fField at the Centre due to circular arc \ B, = % .’( C H A R G E S
I ; R/
NP

Field at centre of full Circle, /)\ fnSidesr e R | 4
2) T into the plane [T,<I,] e B, =0 . A N D
= —_— “~ . \‘.._,/‘

zr < Graph |

J/‘ N ot BRI | I B MAGNETISM
a

o

= where, g is in radian
-
Example I ®

-4
If there are N loops, B= % _____ — E[ B, = B,+B,+B, k )
® c ®
M T AT
7
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. \ K Charged particlein \ / . . o \ / \
Solenoid magnetic field Calculation of ratio of radii Helical path & pitch

Magnetic Force on particle i i . .
f; = QB 1) All particles are projected with same speed:
Case VI V=Constant V makes angle e with B (e #0,m ,n/z)
Path: Circle mv m
Radius of circular path r= ﬁ =r OCT Path of charge is Helical
i) F:m—vz 1 2 4 vy Vi |l 10 B
nor PP =1:2:2 V. _ =
mv2 LA e e 2e Vi> LltoB
= qvB =r—
mv 2) All particles are projected with same momentum 1) Radius
= "B
qB L
i) Momentum . P = r qB
e p= mv= [Zmk qB q po MVSIN® e oo
ot = Hr— - B )
enr B,=- Hon T (cos0, +cos,) —p= 2mk Py Py o= 1 ;L ;L =2:2:1 d
* Inbetween R, < r <R, \ - qB / e e 2 2) Time period
where n—no.of turns per unit length As radius 1 Curvature |
2nmm
Tightly packed long solenoid (" ) ” 98
ghtly p 9 If charged particle at rest is 3) All particles are projected with same kinetic energy
accelerated by a voltage of 'V' volt then 3)Pitch =V, xT
Long solenoid: Radius is small compared to the L P - 2mm
. K.E =qv r= = =Vcose x £
length of the solenoid qB qB qB
XTEERD For a long solenoid the middle region will have a r= L2 apo M =2n(M™V) cose
B, -, CRI uniform magnetic field : q B
=
27r 77 ®-RY) If K, # O, then K,=qV + K, roror JZ :Jz :E =2 Jenk cosp
piidilaT "o e e B
1) At centre e Jemk _ Jom@v o)
= : 1:02: 1

& qB qB - =2 V2™V Cos®
— 4) All particles are projected by same accelerating potential \ 8 /
I o N / Time Period \
I I

. Jamqv \/m_
,Along the axis 2mm B qB Sr«x q

T= pry

2) End point - 5
= Ture _(1 |2 [4 _ 4. .[7:

0,20  0,290° i rptrd:rq—/TEA,?e_l [z :72

:1 \” )

_1 = B
Bend__z_ Hn I == / We have = specific charge
1 Toroid /unlt and dimension of B \

kﬁ T specific charge j r is the mean radius F=qvBsin®
G CHARGES T ]
=3 qvsin®
B,=0 [B] = MLT-2 = MA-T-2
Binsid: =0 AT x LT
B,y berween = Mo wnit - kgA-!s? = Tesla (T) /
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/ CyCIOtrOﬂ \ f Force between parallel conductors \ Motion of charged particle in Crossed
Electric and Magnetic field § B Jvelocity selector]

. L 1) Force between two long parallel current conductors
Magnetic field out Deflection plate 1) Maximum kinetic energy o
of the paper 4 1 1 1 1 F=q[E+(VxB)]=F+F, s s
“ TER,, | | i | v Fe=qE=qE]
5 ‘ Exit Port Koo 2m I, I, I, I, qu(Vx?):q(Vika)
\ === & Fo . i =-qvBj
illati F, — N
l 2) Number of oscillations ,N 12 F,, £ F=qE-VB)] N D
Charged A
i Work done=AK ! Fi ! ! | E
- o —— —r—t If v="E/B Fnet= 0
NxqEd= F 4 ; . .
b ~p, q 2m Attractive Repulsive € Charge moves in a Straight line
E is in the plane of the dees \4
2rm Parallel currents attract each other. Anti parallel currents repel each other. N X
r T 3) Time period of revolution= ——— Force per unit length of conductor B /
[ osciLLaToR | B
q - - uO IIIZ
B F12'Fz1‘ 2m r z
4) Cyclotron frequency v = £ Fy Thus, electric and magnetic forces are
¢ 2mm in opposite directions as shown in figure.

\ Net force on 'I' length of condua:i'or‘=‘:‘—1°r ﬁll /
mrce on current carrying Conductor\ / Magnetic dipole moment of \
in magnetic field /LOPCI’ITZ fOl"CC \ a revolving electron

consider a small element dl of the conductor
TR e
dF=I(dixB) x x x x x o
To de rzsilltng force X X X a x A charge q in an electric field E experiences the electric force T is the time period of revolution
JaF=/x(di<8) x xTx"x x
=1/dix8 x x/x x x
' n is given by 2nr
F :I(/E) xB =I(1xB) X X x x x F,“=q(\7x§)
The above equation can be used in the following situations The total force,or the Lorentz force,experienced by the charge q due to both electric and There will be a magnetic moment,usually denoted by H
&4 "9 magnetic field is given by associated with this circulating current /
1) .
i - _evr Torque on a current loop in
F=I(,,xB) p=Iari=S5 . H
=1, Bsino K F=q[E+(VxB)] / a uniform magnetic field
M= (mvr)=5—L L=FxP
2m 2m =rmvsing
=mvr
2) I_,, perpendicular to B (" . . ) In vector form
0290 Moving Coil Galvanometer (MCG) e -
= Scale M= L
= 2m,
Frox™T LB ©x ox T= NIABsin0 N
For closed Loop in uniform field i+ ; . The gt st thor the s
Here. | ..=0 XX x| x Sensmvn'y Of a GOIVCIHOH‘\ZTCI" direction to the magnetic moment
¢ Teff Xy x x| x Permanent magnet ) )
. X % Tx x ¢ . I- d _ NAB The ratio of magnetic moment to fhe_ angular
~ F=0 urrent sensitivity, I = T K momentum is called gyromagnetic ratio Then T = NIABsing
en T = sin
~N Where K— torsional constant & = Zi Special
X L m pecial cases:
Note: & — deflection of galvanometer € i) Whenf = 0°
K Its value is a constant and is equal to 8.8x10'° C/kg Dl enf) =
1) The constant, a5 is called galvanometer Voltage Sensitivity for an electron T =0, ie, the torque is minimum when the plane of the
loop is perpendicular to the magnetic field
constant or current reduction factor of According to Bohr's quantization condition, angular P IS perp g
the galvanomeTer‘. Voltage Sensiﬁvity,V;% - % \ moment::\ assumes a discrete set of values, namely. ii) When = 90
& \ L=5—wheren=1, 2, 3.....
2) Figure of merit of a galvanometer ° - NAB \ ) 2n h—planck's constant T = NIAB ie, the torque is maximum when the plane of
KR Uniform radial the loop is parallel to the magnetic field. Thus,
G = I _K_ ¢ t Sensitivity magnetic field
d NAB urrent Sensitivi

\ ) \ Voltage Sensiﬁvity=f ) Taking n=1, we get, T, = NIAB
K Muin = Temz h = 9.27x10°% Am? /

aadand s edendendend et endandend et et e et et
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| F=qE T2 2nr |
: In uniform field The magnetic force experienced by the charge q moving with velocity V in the magnetic field B 1= 2V @ :
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