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Answer all the questions. Choose the correct answer. 15X1=15

1 For light incident from air on a slab of refractive index 2, the maximum a) 30°
possible angle of reaction is
2 Which one of the following is the natural nanomaterial. a) Peacock
feather
3 The ratio of magnetic length and geometrical length is c)5/6
4 First diffraction minimum due to a single slit of width 1x107> cm is at 30°. the | b) 500 A
wavelength of light used is
5 The barrier potential of a silicon diode is affroximately. a) 0.7V
6 An electricfield E = 10x{ exists in a certain region of space. Then the c) +20V
potential difference V= Vo-Va where Vois the potential at the origin and Va
is the potential at x=2mis
7 If the amplitude of the magnetic field is 3x10°°T, then amplitude of the d) 900Vm™
electric field for a electromagnetic wave is
8 The average binding energy of iron nuclei is b) 8.8 MeV
9 The internal resistance of a 2.1V cell which gives a current of 0.2A through a | b) 0.5Q
resistance of 10Q is
10 In an oscillating LC circuit, the maximum charge on the capacitor is Q. The c) =
charge on the capacitor when the energy is stored equally between the
electric and magnetic field is
11 The critical angle of diamond is d) 24.4°
12 In an electron microscope, the electrons are accelerated by a voltage of c) decrease by
14kv. If the voltage is changed to 224KV, then the de Broglie wavelength 4 times
associated with the electrons would.
13 A circular coil of radius 5cm and 50 turns carries a current of 3 ampere. The | b) 1.2 Am?
magnetic dipole moment of the coil is nearby.
14 The charge of cathode rays particle is b) negative
15 The dielectric strength of air is c) 3x106 Vm'?
Part B | Answer any six in short. Question No. 24 is compulsory 6x2=12
16 What is corona discharge?
The leakage of charge from the sharp edges of the charged conductor is
called Corona discharge.
17 Compute the seed of the electromagnetic wave in a medium if the
amplitude of electric and magnetic fields are 3x10*NC?* and 2 x 104T
respectively.
3x10*
A 2x10~%
=2 x 10°
=1.5x108m/s
18 Define electrical resistivity.

The electrical resistivity of a material is defined as the resistance offered to
current flow by a conductor of unit length having unit area of cross section.
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19 State Fleming’s right hand rule.

The thumb, index finger and middle finger of right hand are stretched out in
mutually perpendicular directions.

If the index finger points the direction of the magnetic field and the thumb
indicates the direction of motion of the conductor, then the middle finger
will indicate the direction of the induced current.

20 What is myopia? What is the remedy?

A person suffering from nearsightedness (or) myopia cannot see distant
objects clearly.

To overcome this difficulty, the virtual image of the object at infinity should
be formed at a distance x from the eye using a correcting lens

21 List out the properties of neutrino.

The neutrino has the following properties

- It has zero charge

- It has an antiparticle called anti-neutrino.

- Recent experiments showed that the neutrino has very small mass.
- It interacts very weakly with the matter.

22 What is Bremsstrahlung?

When a fast moving electron penetrates and approaches a target nucleus,
the interaction between the electron and the nucleus either accelerates or
decelerates it which results in a change of path of the electron. The
radiation produced from such decelerating electron is called
Bremsstrahlung or braking radiation

23 What do you mean by skip distance?
The shortest distance between the transmitter and the point of reception of
the sky wave along the surface is called as the skip distance.

24 Equation for fringe width, § :';I'_f‘-'
o
- — 9
Substituting, § = 220>10 %2
&P 0.15x107°
f=6%10"m=6mm
Part C | Answer any six in brief. Question number 33 is compulsory. 6x3=18

25
If MP is the perpendicular from M to the
principal axis, then
The angles £MCP = i and £MFP = 2i
From right angle triangles AMCP and
AMEFE we can write,

. PM o PM
tani = — and tan2i =——
PC PF
As the angles are small, wni=i and \
tan 2i = 2i; > 15741 %
-~ 1
PM PM & .
i=—— and 2i=— 1 4

~PC ~PF & & @
Simplifying further,

) g
Eﬂ = ﬂ; IPF=PC
PC PF

(a) Concave mirror

PF is focal length fand PC is the radius

of curvature R.
(6.4)

. |-._'||:;|;|

2f=R (or) f=
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Equation (6.4) is the relation between fand R.

26

The susceptibility of material X is

\ 500

| oo™ J
o

—Irrl,\ -

The susceptibility of material

Im.‘r' = =

A~ 1000

Since, susceptibility of material Y is greater
than that of material X, which implies that
material Y can be easily magnetized.

27

Advantages of FM

i) In FM, there is a large decrease in noise. This leads to an increase in signal-
noise ratio.

ii) The operating range is quite large.
iii) The transmission efficiency is very high as all the transmitted power is
useful.

iv) FM bandwidth covers the entire frequency range which humans can hear.
Due to this, FM radio has better quality compared to AM radio.

Limitations of FM

i) FM requires a much wider channel.

ii) FM transmitters and receivers are more complex and costly.
iii) In FM reception, less area is covered compared to AM.

28

Postulates of Bohr atom model

(a) The electron in an atom moves around nucleus in circular orbits
under the influence of Coulomb electrostatic force of attraction.

(b) Electrons in an atom revolve around the nucleus only in certain
discrete orbits called stationary orbits and electron in such orbits do
not radiate electromagnetic energy. Only those discrete orbits
allowed are stable orbits.

(c) Energy of the electron in orbits is not continuous but only discrete.
This is called the quantization of energy.
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29 5.No. | Fresnel diffraction Fraunhofer diffraction
1 Spherical (or) cylindrical wavefront Plane wavefront undergoes
undergoes diffraction diffraction
2 Light wave is from a source at finite distance | Light wave isfrom a source at infinity
3 Convex lenses need not be used for | Convex lenses are to be used in
laboratory conditions laboratory conditions
4 Difficult to observe and analyse Easy to observe and analyse
5
30

Consider a conducting rod of length / moving with a velocity v towards left

on a rectangular fixed metallic framework.

The whole arrangement is placed in a uniform magnetic field B whose
magnetic lines are perpendicularly directed into the plane of the paper.

As the rod moves from AB to DC in a time dft, the area enclosed by the loop
and hence the magnetic flux through the loop decreases.

X X X_I;XDK * A.

x | x x x| x x
U |

x X x x x x

C-—vdt—B

x x X x x x

—
X —» B (Lr, inwards)
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The change in magnetic flux in time df is

d®, = B x Change in area (d4)
=Bx Area ABCD

Since Area ABCD = [(vdt)

d®, = Blvdt (or)

dd,
dt

= Blv

As a result of change in flux, an emf is
generated in the loop. The magnitude of the
induced emf is

£ = Bl (4.18)

31

Galvanometer to an Ammeter

Ammeter is an instrument used to measure current flowing in the electrical
circuit. The ammeter must offer low resistance such that it will not change
the current passing through it. So ammeter is connected in series to
measure the circuit current.

A galvanometer is converted into an ammeter by connecting a low
resistance in parallel with the galvanometer. This low resistance is called
shunt resistance S. The scale is now calibrated in ampere and the range of
ammeter depends on the values of the shunt resistance.

S
C_ AAA D
AL-1 -1, Y

Ammeter
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.

galvanometer shint

ﬁ&&:@—%ﬁ

I.E
.’:T=—ji:"E or
(I_IE)
=-S5
8 S+R,

Since, the deflection in the galvanometer
is proportional to the current passing

through it,

H=ifga*-ﬂxif;*-9::cf So,
G

the deflection produced in the
galvanometer is a measure of the current I
passing through the circuit.

Shunt resistance is connected in parallel
to galvanometer. Therefore, resistance
of ammeter (R) can be determined by
computing the effective resistance, which is

RS
L=i+lg\.ﬂ‘ﬂ= i _R
5

Since, the shunt resistance is a very

. . 5
low resistance and the ratio R—IS also

small. This means, R_is also small, i.e., the
resistance offered by the ammeter is small.
So, when we connect ammeter in series, the
ammeter will not change appreciably the
current in the circuit. For an ideal ammeter,
the resistance must be equal to zero. But in
reality, the reading in ammeter is always
less than the actual current in the circuit.
Let I, , be the current measured by ideal
ammeter and I, be the actual current
in the circuit. Then, the percentage error

in measuring a current through an ammeter
is

Al I..—1I
Txlﬂﬂ%=wxlm%

ideal

32

Capacitor not only stores the charge but also it stores energy. When a battery
is connected to the capacitor, electrons of total charge —Q are transferred
from one plate to the other plate. To transfer the charge, work is done by the

Kindly Send Me Your Key Answer to Our email id - Padasalai.net@gmail.com



https://whatsapp.com/channel/0029VaAqUqk9Bb672tBn033m
https://whatsapp.com/channel/0029VaAqUqk9Bb672tBn033m

www.Padasalai.Net www.Trb Tnpsc.Com

battery. This work done is stored as electrostatic potential energy in the
capacitor.

To transfer an infinitesimal charge dQ for a potential difference V, the work
done is given by

dW=VvVdQ
where V = Q
C

The total work done to charge a capacitor is

Q 2
. Q Q
W —dQ=— 1.86

! ! C ? 2C { )

This work done is stored as electrostatic
potential energy (U ) in the capacitor.

=%cv* (~a—cv) (187)

=
I
8|2

33

In a transistor connected in the common
base configuration, =095, I,=1mA,
Calculate the values of I.and I;.

Solution

{:l'.=i

¢

I,=al,=095x1=095 mA

I,=I;+1;

sIL=1

B E

I, =1-0.85=10.05 mA

Part D

Answer all the questions

5x5=25

34. a)

Electric field due to a dipole

Case (i) Electric field due to an electric dipole at points on the axial line
Consider an electric dipole placed on the x-axis. A point C is located at a
distance of r from the midpoint O of the dipole on the axial line.

i Axial line .
A . Qg E E
— >
- 0O +i] C
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The electric field at a point C due to +4 is
- | q
E = : - along BC
e, (r—a) &

Since the electric dipole moment vector p
is from —g to +q and is directed along BC,
the above equation is rewritten as

= 1 q -
E, = 4me, {r—a]Ep (1.13)

where p is the electric dipole moment unit

vector from —q to +q.
The electric field at a point C due to —q is

- 1 q -
E——
4rme, {r+n]1 F (1.14)

Since +q is located closer to the point C than
-q, E, is stronger than E . Therefore, the
length of the E, vector is drawn larger than
that of E wvector.

The total electric field at point C is
calculated using the superposition principle
of the electric field.

E ti'[l

1 -
ot — F 2P (115
e |(r—af (ray) )

— 1 dra ~
ot ‘-11'“5" 1 (rl_ﬂl)] P {1'16)

Note that the total electric field is along
E , since +g is closer to C than -g. The
direction of E,, is shown in Figure 1.16.

A a B E.
— 0 —0 —
4 0 4

If the point C is very far away from the
dipole (r >> a). Then under this limit the

term {r'z—a'i}.iﬂ-r". Substituting this into

equation (1.16), we get

— 1 [dag| -
E = — r==a
= 4meu[ r P )

since 2agp = p
. 1 2p
E. — — (r=>a 1.17
= ime. v ( ) (1.17)
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If the point Cis chosen on the left side of the dipole, the total electric field
is still in the direction of p. We infer this result by examining the electric
field lines of the dipole

34.b) | Transistor as a switch

A transistor in saturation region acts as a closed switch while in cut-off
region; it acts as an open switch. It functions like an electronic switch that
helps to turn ON or OFF a given circuit by a small control signal which keeps
the transistor either in saturation region or in cut-off region.

# When the input is high:

When the input voltage is increased to a
certain high value (say +5 V), the base current
(1;)increasesand in turnincreasesthe collector
current to its maximum. The transistor will
move into the saturation region. The increase
in collector current () increases the voltage
drop across R, thereby lowering the output
voltage, close to zero (since V.= V-1 R ). It
means that maximum current flows through
the transistor and it is said to be switched on.
The transistor acts as a closed switch.

It is manifested that a high input to
the transistor gives a low output and a
low input gives a high output. In addition,

* When the input is low:

When the input is low (say 0V, the base
current is zero and transistor is not properly
forward biased. It is in cut off region. As
a result, the collector current is zero and
correspondingly the voltage drop across R_
also becomes nearly zero. The output voltage
is high and is equal to V__. It means that the
no current flows through the transistor and
it is said to be switched off. The transistor

we can say that the output voltage is
opposite to the applied input voltage.
Therefore, a transistor can be used as an
inverter (NOT gate) in computer logic

. circuitry.
acts as an open switch.

35.a) | Young’s double slit experiment
Experimental setup

Thomas Young, a British Physicist in
1801 used an opaque screen with two
small openings called double slit 5 and

5. kept equidistance from a source §
as shown in Figure 7.12. The width of
each slit is about 0.03 mm and they are
separated by a distance of about 0.3 mm.
As § and §, are equidistant from § the
same wavefront is cut by S and S The
light waves at § and S, are in-phase.
S0, § and §, act as coherent sources
which is the requirement for obtaining
interference pattern.
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Wavefronts from 5 and 5, spread out
and overlap on the ot her side of the double
slit. When a screen is placed at a distance
of about 1 m from the slits, alternate bright
and dark fringes which are equally spaced
appear on the screen. These are called
interference fringes (or) bands. Using an
eyepiece, the fringes can be seen directly.
At the center point O on the screen, the
waves from §, and §, travel equal distances
andarrive in-phase asshownin Figure7.12.
These two waves constructively interfere
and a bright fringe is observed at O. This
is called central bright fringe. When one
of the slits is closed, the fringes disappear
and there is uniform illumination on the
screen. This shows clearly that the bands
are due to interference.

Eguation for bandwidth
The bandwidth P is defined as the

distance between any two consecutive
bright (or) dark fringes.

The distance between (n+1)* and »*
consecutive bright fringes from O is given

by,

H—

d

B for bright, = ATD (7.31)

Similarly, the distance between (n+1)%
and #* consecutive dark fringes from O is
given by,

AD
B= Yiwey = Fa _[fﬂ b HT

,w]

ﬁ =Ygy~ ¥a=

(2n+1— ]}AD]
2

B for dark, ,ﬂ:%ﬂ (7.32)

From Equations (7.31) and (7.32) we
understand that the bright and dark fringes
are of same width equally spaced on either
side of the central bright fringe.

[zn_nw}
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35.b)

Magnetic field due to long straight conductor carrying current

Let YY' be an infinitely long straight
conductor and I be the steady current
through the conductor as shown in Figure
3.32. In order to calculate magnetic field at
a point P which is at a distance a from the
wire, let us consider a small line element dl
(segment AB).

The magnetic field at a point P due to
current element Idl can be calculated from
Biot-Savart’s law, which is

dﬁzﬁm‘{ﬂ"ﬂ i
4

where # is the unit vector which points into
the page at P, 8 is the angle between current
element Idl and line joining d! and the point
P. Let r be the distance between line element
at A to the point P.

To apply trigonometry, draw a
perpendicular line from A to BP as shown
in Figure 3.32.

AC
In triangle AABC, sinf=—
AB

= AC = ABsin#
But AB=dl = AC =dlsind

Let d¢» be the angle subtended between
AP and BP
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Le., ZAPB=/APC=dp

In a triangle AAPC,sin(dg) = %

Since d¢ is very small, sin(d ¢ ) = dip

But AP=r = AC=rd¢

;. AC=dlsinf = rdg

- I . Tde
cdB=2 L (rdp)n= o 209 5
47 1" . 4r r

Let ¢ be the angle between AP and OP

In a AOPA, cos @:E: a
AP r
a
== =
COS

— I o
dB=———doii
47 a” .
/ cosg

—_ I .
S cos gdgh fi
dra

The total magnetic field at P due to the
conductor YY'is

B= jd§= T%ms;ﬁd@ﬁ
i 8l

T8 PR
=20 [sind " #
4ra* r:"

il |”:|]I [ b i i i v
=B=—{sind, +sind, | #
dra’ ! qu_]

For infinitely long conductor,
¢, =¢,=90°

36.a) | Maxwell’s equations in integral form

Electrodynamics can be summarized in four basic equations, known as
Maxwell’s equations. These equations are analogous to Newton’s equations
in mechanics. Maxwell’s equations completely explain the behaviour of
charges, currents and properties of electric and magnetic fields. These
equations can be written in integral form (or integration form) or derivative
form (or differential form). The differential form of Maxwell’s equation is
beyond higher secondary level. So we focus only the integral form of
Maxwell’s equations.
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First equation

It is nothing but the Gauss’s law of electricity. It relates the net electric flux
to net electric charge enclosed in a surface. Mathematically, it is expressed
as

Eu

§ B dA — Qe

(Gauss'slaw for electricity) (5.7)

where E is the electric field and Q enclosed
is the net charge enclosed by the surface S.
This equation is true for both discrete and
continuous distribution of charges.

It also indicates that the electric field
lines start from positive charge and
terminate at negative charge. This implies
that the electric field lines do not form a
continuous closed path. In other words, it
means that an isolated positive charge or
negative charge can exist.

Second equation

This law is similar to Gausss law for
electricity. So this law can also be called
as Gausss law for magnetism. The surface
integral of magnetic field over a closed
surface is zero. Mathematically,

9‘,‘ B-di=0
(Gauss’s law for magnetism) (5.8)

where B is the magnetic field.

This equation implies that the magnetic
lines of force form a continuous closed path.
In other words, it means that no isolated
magnetic monopole exists.

Third equation
It is Faraday’s law of electromagnetic induction. This law relates electric
field with the changing magnetic flux which is mathematically written as
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_c#; E.di= —%lba (Faraday’s law)  (5.9)

where E is the electric field. This
equation implies that the line integral of
the electric field around any closed path
is equal to the rate of change of magnetic
flux through the closed path bounded by
the surface.

Our modern technological revolution
is due to Faraday’s laws of electromagnetic
induction.

Fourth equation

It is modified Amperes circuital law.
This is also known as Ampere - Maxwell
law. This law relates the magnetic field
around any closed path to the conduction
current and displacement current through
that path.

qf Bl = i, +un%%f EdA

(Ampere -Maxwell law) (5.10)

where B is the magnetic field. This equation shows that both conduction
current and displacement current produce magnetic field. These four
equations are known as Maxwell’s equations in electrodynamics. This
equation ensures the existence of electromagnetic waves. The entire
communication system in the world depends on electromagnetic waves. In
fact our understanding of stars, galaxy, planets etc come by analysing the
electromagnetic waves emitted by these astronomical objects.

36. b) | Microscopic model of current

Consider a conductor with area of cross
section A and let an electric field E be applied ‘_ “ 4‘
to it from right to left. Suppose there are n

%/
electrons per unit volume in the conductor LA
and assume that all the electrons move with the LR

same drift velocity @, as shown in Figure 2.5. ‘_ vyt J
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The drift velocity of the electrons = v,
If the electrons move through a distance
dx within a small interval of dt, then

v,_d%;  de=udt (2.7)
df

Since A is the area of cross section of
the conductor, the electrons available in the
volume of length dx is

=volume x number of electrons per unit volume

= Adxxn (2.8)

Substituting for dx from equation (2.7)
in (2.8)
=(Av,dt)n
Total charge in the volume element dQ =
(charge) % (number of electrons in the
volume element)

dQ = (e)(Avdt)n
dQ

Hence the current I = =
[

I =ne Aw, (2.9)

Current density (])

The current density (/) is defined as the
current per unit area of cross section of the
conductor.

The S.I unit of current density is i} (or) Am=
m

_ neAu),

(from equation 2.9)

| ] =nev, (2.10)

The above expression is valid only when
the direction of the current is perpendicular
to the area A. In general, the current density
is a vector quantity and it is given by

I =nev,;

Substituting ¥, from equation (2.4)
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j=—"""E (2.11)
m
j=—0E

But conventionally, we take the
direction of (conventional ) current density
as the direction of electric field. So the
above equation becomes

|I=cE (2.12)

ne't . -
where o =—— is called conductivity.
m

The equation (2.12) is called microscopic
form of chm's law.

The inverse of conductivity is called
resistivity (p) [Refer section 2.2.1].

p=t__m™ (2.13)
(8] ne T

37.a) | Construction and working of transformer

Construction

In the simple construction of transformers, there are two coils of high
mutual inductance wound over the same transformer core. The core is
generally laminated and is made up of a good magnetic material like silicon
steel. Coils are electrically insulated but magnetically linked via transformer
core

The coil across which alternating voltage is applied is called primary coil P and
the coil from which output power is drawn out is called secondary coil S. The
assembled core and coils are kept in a container which is filled with suitable
medium for better insulation and cooling purpose.

Primary winding of Secondary winding of

N turns N turns
: |

Primary Secondary

current, I current, |

I R

. !
Primary Secondary
'.'u:-ltagc. v voltage,y |
Working

If the primary coil is connected to a source of alternating voltage, an
alternating magnetic flux is set up in the laminated core. If there is no
magnetic flux leakage, then whole of magnetic flux linked with primary coil
is also linked with secondary coil. This means that rate at which magnetic
flux changes through each turn is same for both primary and secondary
coils.
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As a result of flux change, emf is induced
in both primary and secondary coils. The
emfinduced in the primary coil or back emf
€, is given by

dd
&= dtﬂ

But the voltage applied U, across the
primary is equal to the back emf. Then

v, =N, (424)

The frequency of alternating magnetic

flux in the core is same as the frequency of
the applied voltage. Therefore, induced emf
in secondary will also have same frequency
as that of applied voltage. The emf induced
in the secondary coil _is given by

g, =—N, 40,
dt

where N, and N, are thenumberof turnsin

the primary and secondary coil respectively.
If the secondary circuit is open, then ¢ = v
where v is the voltage across secondary coil.

=N (4.25)
di
From equations (4.24) and (4.25),
N
L_S g (4.26)
v, N,

This constant K is known as voltage
transformationratio. For anideal transformer,

Input power UP:'P = Dutput power u i,

where i, and i, are the currents in the
primary and secondary coil respectively.

Therefore,

v N i
—=—"=— (4.27)
v, NF_ i
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Equation 4.27 is written in terms of
amplitude of corresponding quantities,

i) IfN, > NP{K > 1), then V, = V,and I <1,
This is the case of step-up transformer
in which voltage is increased and the
corresponding current is decreased.

ii) IfN, <N, (K <1), then V, <V, and I, > I,.
This is step-down transformer where
voltage is decreased and the current is

www.Trb Tnpsc.Com

increased.

37.h)

|ﬁt any instant ¢, the number of decays
per unit time, called rate of decay ';—P;r is
proportional to the number of nuclei { N ) at
the same instant.
dN

R

The negative sign in the equation implies
that N is decreasing with time.
By introducing a proportionality

constant, the relation can be written as

dN _
=N (9.32)

dN _
N —hdt (9.34)
N AN |
e
Ny o
[InN]" =—as
I
N
In Fp —At

Taking exponentials on both sides, we get

’TNDE ] (9.35) |

Here proportionality constant L is
called decay constant which is different for
different radioactive sample.

By rewriting the equation (9.32), we get

(9.33)

Here dN represents the number of nuclei

dN = —ANdt

decaying in the time interval dt.

Let us assume that at time =0 s, the
number of nuclei present in the radicactive
sample be N, . By integrating the equation
(9.33), we can calculate the number of
undecayed nuclei N present at any time ¢.

From equation (9.33), we get
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38.3a) | Lens maker’s formula and lens equation
Let us consider a thin lens made up

of a medium of refractive index n, placed

in a medium of refractive index n . Let

R and R, be the radii of curvature of two

spherical surfaces @ and @ respectively

and P be the pole as shown in Figure
6.34. Consider a point object O on the
principal axis. A paraxial ray from O which
falls very close to P, after refraction at
the surface (@ forms image at ['. Before it
does so, it is again refracted by the surface
@. Therefore, the final image is formed at I.

The general equation for the refraction
at a single spherical surface is given by the
equation (6.56) is,

i 3
mom_(mom)

voou R
For the refracting surface @, the light
goes from n to n.

mom_(m-m) (6.58)
v ow R,

For the refracting surface @, the light
goes from medium n_ton .

mom_(m-m) (6.59)
v v R,

For surface @, I' acts as virtual object.

Adding the above two equations (6.58)

and (6.59)
Lu L Ty -~n’L—L\|
v ou "Il}ﬁ R,

On further simplifying and rearranging,
11 [ [L 1
¥ i n B R

1 n

A

I the object is at infinity, the image is formed at the focus of the lens.
Thus, for u = oo, v = f. Then the equation becomes.

1. 1 _[m 1|L 1

f = \n IR R

1 11

—:[”—1—1 — — (6.61)
f ﬂl Rl Rl
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If the lens is kept in air, then we can take
n, = 1 and n, = n. So the equation (6.61)
becomes,

-Llr—lfrr ]’I|Rl Ri| (6.62)

38.b) | Davisson — Germer experiment

Louis de Broglie hypothesis of matter waves was experimentally confirmed
by Clinton Davisson and Lester Germer in 1927. They demonstrated that electron
beams are diffracted when they fall on crystalline solids. Since crystal can act as
a three-dimensional diffraction grating for matter waves, the electron waves
incident on crystals are diffracted off in certain specific directions. Figure 8.17
shows a schematic representation of the apparatus for the experiment.

The filament F is heated by a low tension (L.T.) battery. Electrons are
emitted from the hot filament by thermionic emission. They are then
accelerated due to the potential difference between the filament and the
anode aluminium cylinder by a high tension (H.T.) battery. Electron
beam is collimated by using two thin aluminium diaphragms and is
allowed to strike a single crystal of Nickel.

Electron gun

Thin aluminium
diaphragms

Aluminium cylinder

The electrons scattered by Ni atoms in different directions are received
by the electron detector which measures the intensity of scattered
electron beam. The detector is capable of rotation in the plane of the
paper so that the angle 0 between the incident beam and the scattered
beam can be changed at our will. The intensity of the scattered electron
beam is measured as a function of the angle 6.

J—

Intensty of ditfracted
dectron heam

] —

The variation of intensity of the scattered electrons with the angle 6 for
the accelerating voltage of 54V. For a given accelerating voltage V, the
scattered wave shows a peak or maximum at an angle of 50- to the incident
electron beam. This peak in intensity is attributed to the constructive
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interference of electrons diffracted from various atomic layers of the target
material. From the known value of interplanar spacing of Nickel, the
wavelength of the electron wave was experimentally calculated as 1.65A.
The wavelength can also be calculated from de Broglie relation for V =
54V

1227, 1227

A=———A=—
N J54
A=16TA

A

This value agrees very well with the
experimentally observed wavelength of
1.65A. Thusthis experiment dire};tl}rwﬁﬁes
de Broglie’s hypothesis of the wave nature of
maoving particles.
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