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18.1 MAGNI Dt Ea= .III
An area ground a permanent magnet nt

magnetic f  called magnetic
Magnetic field can be'g
#  From permanent magnet
» From current carrving conductor, also known a
In 1819, Hans Christian Oersted made a significant
1 conductor generates a magnetic field
Experiment
Take a straight thick copper wire and pass it vermcally through
2 hole in a horizontal piece of cardboard When curremt flow
through the wire, a iron fillings are scattered on 1o the
cardboard, they become magnetized and arrange themselves in
,  Acircular pattern around the current-carmying wire
Conclusions
* A magnetic field is set up around current carrying conducior.
* The 1Ilns‘of fqr are circular and their direction depends
upon the direction of current

* The magnetic field lasts only as long as the current is
of lines of force:
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flowing through the wire.

of Tagnntjc lines of force can be found by right hand rule.

indicate the direction

M the wire is grasped in the fist of right hand with the thurmb
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that the

mu“}'. it is seen

in the magnetic field nfsizfzf:i B. Expenmme B sl Botbrs,
condu pe nds .

force acting on the

directly proportional fo the magnitude of ﬂ“ﬁ“‘ L ~Nom

& { lor L o
! ; itude of lengih of conducior L. N—mﬁ
i directly propornonal 1o the magni " AC
#  The magnetic force s | N {ﬂ] E lm‘m.nu

o ¢ force is durectly proponional to the strength of magnetic ficld B. .Ih.e

: m':.m AL [ conductor and strength of
4; force is durectly proportional w the sine of angle between length of col Mes
#  The mugnetic | : M
mwi: ficld §. _* ( . } N ﬁ=
F ot 51n@ i
Combining relations i, ii_ iii and iv, we ger .
F e [L B sin@ wcnmhe
Jlllll P ¢
Tlns equauon give tion of B. In this ¢

rs called | tesln (1T). Hence,

an
thir
upc
B= s
[L‘iul.l pus
Fy iy Tea
fes [
e L—\ x1m 'n}
Ifa wire of len E'gl 'un-ﬂ“ of | a kil
and it experien wimthen the mag g
Tesla. W
m
th
flux. OR 1 may be deﬁm.d a
field B and vector areg AA.

ie AD=§ A4

1
C
C
orA @ = BAAcosp )
Wwhere 8 is the angje between Band A4 :
agnetic flux is g scalar quantity ]
(i) MAXIMUM FLUX:
lux Passing through an areq will be
Eiammum When angle between B ang AAis

AQ = BAAcos o = BAA x 1=
(i) MINIMUM FLUX: e
Fluy Passmg thmugh an area will be minimum when . 7
between B and A4 is 90°,

im"‘ 90° =BAA x 0 =0
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i amd strength of

| F = IN. then

a magnetic ficld
ld is said to be |
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NomA  is known as weber
MAGNETIC FLUX DENSITY:
The magnetic flux per unit arca is known is known as magnetic flux

units are weber per meter square or Tesla
¢
B=-

A
Measurement of Magnetic Flux density by current balance:
A simple experimental setup for the measurement of flux density between ten magnets, As shown
in fig The magnetic field within this magnet configuration is uniform To measure the length (1)
of the current marrying wire within this uniform magnetic beld, a ruler can be used When the wire
carries no current, the magnet arrangement 1s positioned on top of balance, and the Subsequently.
{1} Nlows through the wire, the | ' ‘ ]

density It s denowed by B Its

when an ¢ '
ammeter ifAlagnitude The wire expenence
an upw : Balllin accordance withge i

third law of mouon, an equal and opposite 4

ts__Consequently, the mig
~ using the balance t«
-an be calculated as |

'm' representing the mass indicated on the

kile ) g r riv'uia the accelera

'Wum ' El | 8nf | determine
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magnetic flux density (H) between the magn)

he following equation

upon  the

pushed do

B =

18.3 AMPERE’S LAW
Consider a long straight wire carrving a cuffe
curve containing of a circle of radius * ¢~ wY
as shown in figure

The magnetic field * B " around a long straight current carrying
conductor is directly proportional to the twice of current " 1°
passing through the conductor and is inversely proportional to the distanc

B « 2l > (i)
Buc.rl — {I)

¢ 'r' from the conductor

Combining (i) and (1)
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& called the: carrying wire. The closed payy
iy e ,""ﬂ', A T tnd a current

. ﬂfnmmmp It can be rcprcsEnited as
curren
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This 1s known as Am W,

Solenaid: . ,
A solenoid 1s-a long, tig cylindrical coil o
When current passes thr inding of the sole

magnetic field is produced and solenoid behaves |
magnet :

Calculation of m aBE' 1
Consider a rec 1 M s divided into |

elements pf lengths |
Applying A¥
EB 'E" #r.r

ah . !bt,: tcd and ldu
s law,

X Current enclosed

(B.AL)y + (B L), + (B.50),, +
(B -&L}du = Hy

X Current enclosed

Consider the element |, 1, Insi

er th ab that lies inside the
solenoid. Field inside the solenoid ;
pacalel o - solenoid is umform and
(B.AL), <F ab= B Iy cos ¢ =Bl (1)= Bl,,
For the elemeny |

(E.E]¢=E 4= : .
. led=Bly cos 180°= ) ey -1)= ¢

lehecl:mgm,
iy L mddﬂ'—:‘ = P
(B.&L), -F .l,”f da are inside the solengig '
=B . e and .
(B _E).dn g-’ﬁ f?‘ﬁ lpe cos 9 e — Bl,, ©)=0 Perpendicyla, o B 11].,_,“,

B ldﬂ.

A |
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R -of 1L LA %2 ‘
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bl — s . h;

value is 4'1: %] .L

-nts each of vector | b=,
d:i :‘;:;::h:t;::::\: i.s'::ni:::i:t:he curved part. 1-;?“’
: '
cos 0
. Mnu‘lt of B parallel to AL
Where 8 is the angle berweed Band AL

B ALfor all path elements in a closed path 1s equal to pu, times




W . ' , each camying | ,
enclosed by the loop will be nlg, 1. Then accor g ch camying & current 1. So the cumrent

T B AL=u, x Current enclosed
: B[M=#uxﬂl,ﬂ.[ B

B= p,nl
The field B is along the axis of the solenoid.
Its direction 15 given by right hand rule. Hold the solenoid in the right ‘
hand with fingers curling in the direction of the current and thumb will

point in the direction of the field.

TOROID:
A toroid 1s a circular solenoid.

OR
It1s a coil of insulated copper wire wound on a circular core with close
lurns.

Consider a toroiwd ms and carrying current
the core of the | ¢ a circular curve alzad
of the toroid. It is clear that B at every pomt ¢ i

same magnitude.r n

The directionof 8 a fB point is along tangen

The area bMeo“LE il: curve of radi
' 'S rchlfir Gurve, we ha
Ampere $ chldr €

»'y .

1. To find B within

i, (current enclosed
¥B. Al = p, NI

( His parallel to cach element Al and angle be
¥ BAL Cos 0=y, NI 2 Cogt* =1

B LAl =p, NI

B at every point on the circular curve has the same magnitude

B x 2nr = g, NI wEAL = 2mr
B= Lﬂl )
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FORCE ON A CHARGE PARTICLE MOVING
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depends upon the following ::“ of velocity

The magnirude of magnetic force (ii) Magnitude and direct

1) Magnitode charge Magn

i) Magnetic induction q
“Wiﬂ! to ﬂ'[‘.ol: Mmmk the direction of fnm PﬂP‘“Ed' ——
to the Pilne formed by velocity # and magnetic inducthion

' of motion it
A force which pets perpendicular o the direction

s 10N
ot change magnitude of velocity it only changes direct
of velocity, The f

orce given by equation (i) Micl!r“l?‘lhf
direction of motiog ipetal force to the charge “
mMoving in a cirey
Fuq{axﬁj
‘Q‘-E
F = o(p x H)y
F = E{ﬁ X P E"'
G & M 0 H EEm
F=q{ﬂw “
qQ=e

F:fqrﬂxﬂl X
(? x H)

_ . OF AN ELECTRON:
Measuring the charge-10-mass Tatio (e/m) of ap electro
i particle physics. This EXperiment, kne

! an electric field

10 a beam Of electropg

Maguetic Fielq

Sﬁlll'te:
We'll need 5
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4. Fluorescent m : ne
A screenh conted with a phosphorescent material 16 visus lize - A L

5. Rulers and Measurement Deviges: | the clectrdn beam.
To measure the mdius of (he clectron beam's circular path and the electrie potential applied

Experimental Procedure: d

1. Setup:

 Setupthe CRTina vacuum chamber 1o e ; 14 T

bl 0 ensure the electron beam does

»  Position the Helmholes coil (or solenoid T ; il N

parallel to the beam path ') bround the CRT, providing a uniform magnetic field

Connect the voltage source to the focusin and deflection plates 1 '

perpendicular to the magnetic field # N piates 1o create an electric field

2. Calibration:

» Calibrate the magnetic field by measuring its strength at the location of the electron beam. We can do
this using a magnetic field strength meter

} Electron Beam Produc '1]:

>

#  Apply a high vo
electrons from : lectron gun),
Use the focusing and deflection plates 10 conge

Observe the Elec :

#  Turn off the mnyEﬂﬂand electne field
on the fluorescentsc Rl

5. Apply the MagagticField:

#  Tumon thcm‘ﬁElllc'J causes the i
the Lorentz : e between th

.‘r Measure the Radius(r):
Meas * radius of the ci ' formed » W Lh s? Ensure
the screen 1s a scale (67 acourats

CALCULATION:
If *V"™ 15 the accelerating potential applied betw

Mg the cathode and anode

beam of

YV

o

Rarge on an
electron then the K. E gained by the electron is
i ’
-m v?= Ve
-
Ve
pd == !
m
FLF, -
— - - (|) -
4]

A magnetic field is applied perpendicular to the path of fast moving electrons. The electron
expenence a force perpendicular to there path, due 1o this force electrons move a circular path. T
Magnetic force = e B v sinf EEI [=]
Magnetic force = eBv sinf i y.
Magnetic force = eBv sin90" (ii) -
- Magnetic force = eBv -
This force provide centripetal force to electron for moving in a circle of radius “r"
me? - (iii)
Fc - - >
r
Comparing eq. (ii) and eq. (in)
MY o eBv
l‘r L

m  Br




—» (iv)

€ e “ e cntial (V), we .
B 1d strength (B). and electric PO

for the radius (), magnete fe | 7588x 10" C/ke

Using the measured value which was found to be

calculate the = ratio of the eloctrons
' ¢ culTenis
18.5 GALVANOMETER: easure electric

v qect and m . eyen
A Galvanometer 15 an | ' “"‘d_:m "“_“'m, capable of msmng eV
— :,::ﬁhifm‘m::ﬁw -’ t;:nc order of a few micro amperes.
veTy € nis, su

It wﬁrk_-. hamd on the pm clmﬂlgﬂﬂl‘c. :
positioned within an m gnetic ﬁ:ld, t:vr
observed in the coil, is Magnenc v

flowing through the coil

CONSTL tgﬂ“nﬂt H ' ' '
1. Coil amm . . )
The key component of a Galvanometer is a coil of
wof wround as oft won core) with
ficld mounted o at 1l ca
2. Magnet

A permanent magnet or an clectromagnet 1s plag

coil. The magnetic ficld lines from the magnet pa
coil.

3. Spring
A delicate tarsion spring is antached to the coil, providing a
restorng torque when the coil is deflected

4. Pointer
A thin pointer or necdle is attached to the coil, allowing for the measurement of the de flection.

» When a small electric current flow through the coil, it generates a magnetic
?e!lg :mu:{;i’ Elcll:ncl; m;ll. This magnetic field interacts with the external magﬁeﬁc
ield (provided by the : lect : '

the coil. ¥ fhe permanent magnet or electromagnet) to exert a lorque on

> The torque causes the coil 1t

V : | M 1o rotate, and the amoumt of rotation is
mpa@uml to the current passing through it. This rotation is indicated by th

ection of the pointer on a calibrated scale. e

» The coil continues to Totate unti i
e s e e ; until the restorin
comes to rest, and j iti e indicates
S s position on the scale indicates the
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fowing through them and across-sectional area A. When this coil is situated within a uniform
radial magnetic field B, it undergoes a torque as shown in figure |
» Let's examune A single turn ABCD of the rectangular coil, characierized by a lengih’ L “and
breadth’ b’ as shown n Iligure This tum 1s suspended within o magnetic field with mg::glh of B,
mgﬂd S0 that. the coil’s piw is parallel 1o the magnetic field lines. As sides AB and DC are
aligned parallel to the magnetic field, they do not experience any discernible force due to the
magnetic field. However, sides AD and BC. which are perpendicular to the field's direction,
encounter an effective force denoted as F. given by the equation

F= BIL
By employing Fl_eming's teﬂ-hnnd rule, we can recognize that the forces acting on sides direcnons
to each other. When a pair of equal and opposite Magnetic Fields forces, denoted as F and
collectively referred to as a couple, act on the coil, they generate a torque. This torque mduces a
deflection in the coil.

» The torque (1) is calculated as the product of the force(F) and the perpendicular distance (b)
between these forces:

T rque= 1 = Fxb
» Substituting the k mF, we have:

Torque () acting on a single-loop ABCD of the coil

torque’= 1= BIL
Where L x b represen (A) of the coil. C
ntumsis given by.

eflecti rque = 1 = NIA
This magnetic t« | @ rotate, leadih
Simultaneously, ' : 1o the coil g§x

torque.

Restoring torque g

k is termed the 1015

Under equilibrium conditons,

Restoring torque = Deflecting

k6 = NIAB
_ NIAB
k
0=(5)!

# = (Constant)!

The quantity [5:—3'1 is a constant for a given galvanometer.

0l
It is evident that the deflection observed in the galvanometer is directly proportional to the e
flowing through it. s
18.6 AMMETER: .
C— ol

An electrical device which is used for the measurement of current is
called ammeter Ammeter is a modified form of a movin
galvanometer. 1t is also called a low resistance galvanometer.

g coil




Ly = L

LVANOMETER IN] M is connected in parglia
, o meter, a very small — Paralief
galvanometer info an ammeter, a very '
Eﬁ:::n;wﬂn This resistance is called shunt resistance (Rs).
Ammeter is basically a galvanometer in which suitable
modification has been made . | : |
Suppose we have a galvanometer that gives full scale #ﬂﬂﬂ‘:}‘;_ |1 @"L
when a current [, is passed through it. Let R, be the resistance ] L h
the galvanometer and voltage across galvanometer is given by: |
V,= I R . -
#8977 , » connect a resistance R, oq
In order to convent it into ammeter which measure a current 1, we IFG;I;:Z :m oA ;,
shunt resistance parallel 1o the galvanometer so that excess EW#‘;I‘ wrslthmugh calvanomes il
paths to flow: through galvanometer or through R,. If current /; flo .

current through Ry will be I, = 1 — [, According to Ohm’s law

V=R1 or :ﬂp )

5 5 8
As shunt resist - vanometer are co
them will be same

FOR 'f'=

F!’ - §

f
(=1,
MORE!! " "

A piece of copper wire can be used as shunt. T
connected in series.

18.7 VOLTMETER:

An electrical device which is used for
difference between two points is called voltmeter,
Voltmeter is a modified form of a moving coil galvanometer |t is
also called a high resistance galvanometer.

CIPLE AND CONSTR ICTION:

Its principle and construction is similar to the moving coil

CONVERSION OF GALVANOMET

the measurement of potential

galvanometer,

( "gl_tll!tiun- g.I Ry:

A galvanometer is converted into a voltmeter upto a range | ,
'v" by connecting a high resistance 'Ry’ in series. Due to | M |
which most of the potentia) drop on it. If Tg is the cument V, —N
for full deflecgion of galvanometer then some current from
'R;dnemmesﬂricsmnn:ction. — v
V=UK+ JE v =S
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