Electron, Photon, Photoelectric Effect and X-rays

Electric Discharge Through Gases

At normal atmospheric pressure, the gases are poor
conductor of electricity. If we establish a potential difference (of
the order of 30 1) between two electrodes placed in air at a
distance of few ¢ from each other, electric conduction starts
in the form of sparks.

The discharge/ of /electricity through (gases/ can be
systematically studied with'the help ‘of discharge tube shown
below
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—® potential®
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Length of tube
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As the pressure |rﬁgi.qg.he discharge tube is gradually
reduced, the following is the sequence of phenomenon that are
observed.

Vacuum pump

(1) At normal pressure no discharge takes place.

(2) At the pressure 10 mm of Hg, a zig-zag thin red spark
runs from one electrode to other and cracking sound is heard.

Fig. 25.
(3) At the pressure 4 /%m. o% Hg, an illumination is observed
at the electrodes and the rest of the tube appears dark. This
type of discharge is called dark discharge.

(4) When the pressure falls below 4 /mm of Hg then the

-
whole tube is filled with bright light called positive column and
colour of light depends upon the nature of gas in the tube as
shown in the following table.

Table 25.1 : Colour for different gases

Gas Air b M Ch (80,3 Neon

Colour $urple Blue Red Bluish Dark
red

Green

(5) At a pressure of 1.65 mmof Hg:

Sky colour light is produced at the cathode it is called as
negative glow. Positive column shrinks towards the anode and
the dark space between positive column and negative glow is
called Faradays dark space (£DS).

Negative glow Positive column
/

F.D.S
(6) At a pressure of 0.Fig126Ry : At this pressure, negative
glow is detached from the cathode and moves towards the
anode. The dark space created between cathode and negative
glow is called as Crook's dark space. Length of positive column
further reduced. A glow appear at cathode called cathode glow.

Negative glow Positive column

e

E_"': A

Cathode glow C‘DS FD.S
(7) At a pressure of 0.05g72®4f Hg : The positive column
splits into dark and bright disc of light called striations.

(8) At the pressure of 0.01 or 1072 /mm of Hgsome invisible
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particles move from cathode which on striking with the glass
tube on the opposite side of cathode cause the tube to glow.
These invisible rays emerging from cathode are called cathode
rays.

(9) Finally when pressure drops to nearly 107* mm of Hg,
there is no discharge in tube.
Cathode Rays

(1) Cathode rays, discovered by Sir William Crooke

(2) They are streams of fast moving electrons.

(3) They can be produced by using a discharge tube
containing gas at a low pressure of the order of 1072 mm of Hg.

(4) The cathode rays in the discharge tube are the electrons
produced due to ionisation of gas and that emitted by cathode
due to collision of positive ions.

(5) Cathode rays travel in straight lines.

(6) Cathode rays are emitted normally from the cathode
surface. Their direction is independent of the position of the
anode.

(7) Cathode rays exert mechanical force on the objects they
strike.

(8) Cathode rays produce heat when they strikes a metal
surface.

(9) Cathode rays produce fluorescence.

(10) When cathode rays strike a solid object, specially a
metal of high atomi¢ weight and high meltingfpoint Xrays are
emitted from the objects.

(11) Cathode rays are deflected by an electric field and also
by a magnetic field.

(12) Cathode rays ionise the gases through which they are
passed.

(13) Cathode rays can penetrate through thin foils of metal.

(14) Cathode rays are found to have velocity ranging j th

to —w of velocity of light.
10

J.J. Thomson's Experiment
(1) It's working is based on the fact that if a beam of
electron is subjected to the crossed electric field £ and

magnetic field B , it experiences a force due to each field. In
case the forces on the electrons in the electron beam due to
these fields are equal and opposite, the beam remains
undeflected.

(2) When no field is applied, the electron beam produces
illuminations at point 2.

(3) In the presence of any field (electric and magnetic)
electron beam deflected up or down (illuminationat ' or r'')

(4) If both the fields are applied simultaneously and

adjusted such that electron beam passes undeflected and
produces illumination at point 2.

N
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Filament Z s T g
1y S :t}f’/ .
2 r
iy BNE
Sy ‘\\\\\
__a\ = P
Magnetic
(H.T) field  zpscoated

In this case; Electric force = Masgnetic force = e£ =seneln
Fig. 25.

= v= £; v=velocity of electron
B
(5) As electron beam accelerated from cathode to anode its
loss in potential energy appears as gain in the K.E. at the anode.
If suppose V'is the potential difference between cathode and
anode then, loss in potential energy = elV/

2

And gain in kinetic energy at anode will be K.E. = gy

2
e v
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re eV =—mv = —=— = —
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e

Thomson found, — =1.77 x10"" ¢ /kg.
m

If one includes the relativistic variation of mass with speed

(m=m, /\1-v*/c*) , then specific charge of an electron
decreases with.the increase,in itssvelocity.
(6) The deflection of an electron in apurely electric field is
2
given by y = l(i)/—z ; where /= Length of each plate, y =
2\ m v

deflection of electron in the field region, v = speed of the
electron.
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Millikans Oil Drop Experfifrént

(1) Millikan performed the pioneering oil drop experiment
for the precise measurement of the charge on the electron.

(2) By applying suitable electric field across two metal
plates, the charged oil droplets could be caused to rise or fall or
even held stationary in the field of view for sufficiently long
time. He found that the charge on an oil droplet was always an

integral multiple of an elementary charge 1.602 x 107"° ¢,
(3) In this experiment charge on the drop is given by

67n(v, +v,)d 9 7v, '
g=
29(p—-o0)
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where 7 = Coefficient of viscosity of air, v = Terminal
velocity of drop when no electric field is applied between the
plates, » = Terminal velocity of drop when electric field is
applied between the plates.

V' = Potential difference between the plates, d =
Separation between plates, p = density of oil, o= Density of air.
Positive Rays

When potential difference is applied across the electrodes
of a discharge tube (107 mm of Hyg), electrons are emitted from
the perforated cathode. As they move towards anode, they gain
energy. These energetic electrons when collide with the atoms
of the gas in the discharge tube, they ionize the atoms. The
positive ions so formed at various places between cathode and
anode, travel towards the cathode. Since during their motion,
the positive ions when reach the cathode, some pass through
the holes in the cathode and a faint luminous glow comes out
from each hole on the backside of the cathode. It is called
positive rays,which are coming.out from the holes:

P\ositive rays
(1) Positive rays are posiy@ipgs having same mass if the
experimental gas does not have isotopes. However if the gas
has isotopes then positive rays are group of positive ions having
different masses.

(2) They travel in straight lines and cast shadows of objects
placed in their path. But the speed of the positive rays is much
smaller than that of cathode rays.

(3) They are deflected by electric and magnetic fields but
the deflections are small as compared to that for cathode rays.

(4) They show a spectrum of velocities. Different positive
ions move with different velocities. Being heavy, their velocity is
much less than that of cathode rays.

(5) g /m ratio of these rays depends on the nature of the
gas in the tube (while in case of the cathode rays ¢/m is
constant and doesn't depend on the nature of gas in the tube).
g/m for hydrogen is maximum.

(6) They carry energy and momentum. The kinetic energy of
positive rays is more than that of cathode rays.

(7) The value of charge on positive rays is an integral
multiple of electronic charge.

(8) They cause ionisation (which is much more than that
produced by cathode rays).

Thomson's Mass Spectrograph

It is used to measure atomic masses of various isotopes in

S <« Screen or
Photo plate

Low
pressure
gas
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gas. This is done by measuring g/m of singly ionised positive
ion of the gas.

(1) The positive ions are produced in the bulb at the left
hand side. These ions are accelerated towards cathode. Some
of the positive ions pass through the fine hole in the cathode.
This fine ray of positive ions is subjected to electric field £and
magnetic field Zand then allowed to strike a fluorescent screen

(Ei 8 but Eor BLv).
(2) If the initial motion of the ions is in +x direction and
electric and magnetic fields are applied along +y axis then

force due to electric field is in the direction of jcaxis and due to
magnetic field it is along ~direction.

i p \{
-
ke D S
The | [deflection [ due [ pg osqlgctric [field  alone
ELD ;
At l WA @)
mv
The deflection due to magnetic field alone =SB0
mv

From equation (i) and (i), z° = k[i]y
m

B’LD
where k=

; This is the equation of parabola. It

means all the charged particles moving with different velocities
but of same ¢/ value will strike the screen placed in yzplane
on a parabolic track as shown in the above figure.

(3) All the positive ions of same. g//77 moving with different
velocity lie on the same parabola. Higher is the velocity lower is
the value of yand z The ions of different specific charge will lie
on different parabola.

Light gm g'm gm g'm
mass large small A small large
Heavy P
mass A NPt

M> Vo> V5> Va

A B
® FI?. 25."1 ® .
(4) The number of parabola tells the number of isotopes
present in the given ionic beam.

Bainbridge Mass Spectrograph
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In Bainbridge mass spectrograph, field particles of same
velocity are selected by using a velocity selector and then they
are subjected to a uniform magnetic field perpendicular to the
velocity of the particles. The particles corresponding to different
isotopes follow different circular paths as shown in the figure.

(1) Velocity selector : The positive ions having a certain
velocity v gets isolated from all other velocity particles. In this
chamber the electric and magnetic fields are so balanced that
the particle moves undeflected. For this the necessary condition

is v=X and £ B and vshould be mutually perpendicular to
B

each other.
(2) Analysing chamber : In this chamber magnetic field Zis

applied perpendicular to the direction of motion of the particle.
As a result the particles move along a circular path of radius

L_m

mE q E
r=——=—= also
gBB ' m BB'r r, m,
In this way the particles of different masses gets deflected on
circles of different radii and reach on different points on the photo
plate.

Velocity spectrum

2n
2n
- -
E 1A %
.
Photographic plate—7

Separation between twogjgeges12
2v(m, —m,)

=d=2r,-2n = o

Matter Waves (de-Broglie Waves)

According to de-Broglie a moving material
sometimes acts as a wave and sometimes as a particle.

The wave associated with moving particle is called matter
wave or de-Broglie wave and it propagates in the form of wave
packets with group velocity.

(1) de-Broglie wavelength : According to de-Broglie theory,
the wavelength of de-Broglie wave is given by

h h h 1 1 1
AN=—=—= =S AL — L — L ——

pmv  Jame pov JE
Where / = Plank's constant, /7 = Mass of the particle, v =
Speed of the particle, £=Energy of the particle.
The smallest wavelength whose measurement is possible
is that of p -rays.

particle

The wavelength of matter waves associated with the
microscopic particles like electron, proton, neutron, o-

-10

particle efc. is of the order of 10 7™ m.
(2) de-Broglie wavelength associated with the charged
particles : The energy of a charged particle accelerated through

2

potential difference Vis £ = 1wt = qv
2

. h h h
Hence de-Broglie wavelength 2 =—= =
P 2mE \J2mgqVv
12.27  » 0.286 »
iE/ectron = \/— A, iProron = A
v Jv
0.202 0.101 0
ﬂnemmn = \/_ ’4' 2/17 particle = ’4
v Jv

(3) de-Broglie wavelength associated with uncharged
particles : For Meutron ce-Broglie wavelength is given as

10

0.286 x10 ~ 0.286
iNeu!mn = m=
\/E(in ev) \/E(in ev)
Energy of thermal neutrons at ordinary temperature
h
E=KkT = A= ; where 7 = Absolute
\ 2mkT

temperature, 4= Boltzman's constant =1.38 x10 ™ Joule/kelvin,
So,

34

6.62 10 ~ 30.83

\/2><1,67 x10 7 x1.38 x10 21 Jr

(4) Ratio of wavelength of photon and electron : The
he

Thermal  neutron
27

wavelength of a photon of energy £is givenby 1, =

While the wavelength of an electron of kinetic energy K'is

givenby /4, = . Therefore, for the same energy,
2mK
. ﬁp,, c 2me’K
the ratio"m 2= = — Jyo'mk, =
AL E E’

Characteristics of Matter Waves

(1) Matter wave represents the probability of finding a
particle in space.

(2) Matter waves are not electromagnetic in nature.

(3) de-Brogile or matter wave is independent of the charge
on the material particle. It means, matter wave of de-Broglie
wave is associated with every moving particle (whether charged
or uncharged).

(4) Practical observation of matter waves is possible only
when the de-Broglie wavelength is of the order of the size of the
particles.

(5) Electron microscope works on the basis of de-Broglie
waves.

(6) The phase velocity of the matter waves can be greater
than the speed of the light.

(7) Matter waves can propagate in vacuum, hence they are
not mechanical waves.

(8) The number of de-Broglie waves associated with /7"
orbital electron is 7.

(9) Only those circular orbits around the nucleus are
stable whose circumference is integral multiple of de-
Broglie wavelength associated with the orbital electron.

Davision and Germer Experiment

(1) It is used to study the scattering of electron from a solid
or to verify the wave nature of electron. A beam of electrons

\LFJ Electron
M gdn



emitted by electron gun is made to fall on nickel crystal cut
along cubical axis at a particular angle. V/crystal behaves like a
three dimensional diffraction grating and it diffracts the electron
beam obtained from electron gun.

(2) The diffracted beam of electrons is received by the
detector which can be positioned at any angle by rotating it
about the point of incidence. The energy of the incident beam of
electrons can also be varied by changing the applied voltage to
the electron gun.

(3) According to classical physics, the intensity of scattered
beam of electrons at all scattering angle will be same but
Davisson and Germer, found that the intensity of scattered
beam of electrons was not the same but different at different
angles of scattering. It is maximum for diffracting angle 50° at
54 voltpotential difference.

Incidentibeam

(4) If the de-Broglie WF:gglézss’é%st for electrons then these
should be diffracted as Xrays. Using the Bragg's formula
2dsin & =nA,we can determine the wavelength of these waves.
d = between

where distance

4= (80 -4 _ glancing angle for incident beam = Bragg's angle.
2

diffracting planes,

L] L] ~e

The distance betweerFiglifffa&ing planes in Ajcrystal for
this experiment is @ =0.914 and the Bragg's angle = 65°. This

" sines® =1.65 4

gives for n=1, 2=2x0.91 x10 ~
Now the de-Broglie wavelength can also be determined by
12.27 12.27

v s

Broglie hypothesis is verified.

=1.67 A . Thus the de-

using the formula /=
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(5) The Bragg's formula can be rewritten in the form
containing interatomic distance Dand angle ¢

¢ 4

#=90 —— and d =D cos #=D sin —

2 2
Using sin €:cos£
2

2dsin =4 = 2(D sin g).coszzi = Dsing=1
2 2

Heisenberg Uncertainty Principle

(1) According to Heisenberg's uncertainty principle, it is
impossible to measure simultaneously both the position and the
momentum of the particle.

(2) Let Ax and Ap be the uncertainty in the simultaneous
measurement of the position and momentum of the particle,

=" and h=6.63x 107 Lsis

27

then AxAp = h ; where

—34

h
the Planck's constant. (— =1.05 x10
27

J - sec)

. . n h
A more rigorous treatment gives Ax.Ap > — [or —] .
2 ar

(3) If Ax=0then Ap=w and if Ap=0then Ax=w

/e, if we are able to measure the exact position of the
particle (say an electron) then the uncertainty in the
measurefment ofithe linear momentum of the particle is infinite.
Similarly, if we are ablefo measureithe exact linear momentum
of the particle /e, Ap = 0, then we can not measure the exact
position of the particle at that time.

g gy

\,
Incidenty, \\ /1 Reflected
photon Y ; N ; // photon
Original momentum k)&
of electron

Final momentum
of electron

An electron cannot kig. 28s6rved without changing it's
momentum

(4) Uncertainty principle successfully explains
(i) Non-existence of electrons in the nucleus
(i) Finite size of spectral lines.

(5) The Heisenberg uncertainty principle is also applicable
to energy and time, angular momentum and angular

. h h
displacement. Hence A£.At>— and AL.Ad>—
27 27

(6) If the radius of the nucleus is 7 then the probability of
finding the electron inside the nucleus is Ax= 2rand uncertainty

. . h
in momentumis Ap = —
4 7r

Photon
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According to Eienstein's quantum theory light propagates in
the bundles (packets or quanta) of energy, each bundle being
called a photon and possessing energy.

(1) Energy of photon : Energy of photon is given by
E=hv= 70; where ¢ = Speed of light, # = Plank's

constant = 6.6 x 107 tsec v
Wavelength of light.

= Frequency in Hz A =

he 12375
In electron volt E(ev)=—=

ed  A(A)

12400
A(A)

(2) Mass of photon : Actually rest mass of the photon is
zero. But it's effective mass is given as

E hv h ) )

2 = m=—=—=—_.This mass is also
2 2
c c cA

known as kinetic mass of the photon
(3) Momentum of the photon
E hv h

Momentum p=mxc=—=—=—
c c A

(4) Number of emitted photons : The number of photons
emitted per second from a source of monochromatic radiation
of wavelength 4 and power Pis given as (n) = P_P_P2 ;

E hv he
where £= energy of each photon

(5) Intensity of light () : Energy crossing per unit area
normally per second is called intensity or energy flux

. E A E
re | ==—F =+ — = P = radiation  power
At A t

At a distance 7 from a point source of power Pintensity is
. P 1
givenby /1=—— = jo—
am’® r’

(6) Number of photons falling per second (7) : If Pis the

power of radiation and £is the energy of a photon then n = i
E

Photo-Electric Effect

The photo-electric effect is the emission of electrons
(called photo-electrons when light strikes a surface. To escape
from the surface, the electron must absorb enough energy from
the incident radiation to overcome the attraction of positive ions
in the material of the surface.

The photoelectric effect was first observed by Heinrich
Hertz and it was investigated in detail by Whilelm Hallwachs and
Philipp Lenard.

The photoelectric effect is based on the principle of
conservation of energy.

(1) Work function (or threshold energy) (M6) : The
minimum energy of incident radiation, required to eject the
electrons from metallic surface is defined as work function of
that surface.

he
=hVv, =— Joules ;
0

w = Threshold frequency;

Ao = Threshold wavelength

Work function in electron volt We(el) = he 12378
ed, Ay (A)
Table 25.2 : Work function of several elements
Element Work function | Element Work function
(eV) (eV)
Platinum 6.4 Aluminum 4.3
Gold 5.1 Silver 4.3
Nickel 5.1 Sodium 2.7
Carbon 5.0 Lithium 2.5
Silicon 4.8 Potassium 2.2
Copper 4.7 Cesium 1.9

(2) Threshold frequency (w) : The minimum frequency of
incident radiations required to eject the electron from metal
surface is defined as threshold frequency.

If incident frequency v< 1 = No photoelectron emission

For most metals the threshold frequency is in the ultraviolet
(corresponding to wavelengths between 200 and 300 s/7), but
for potassium and cesium oxides it is in the visible spectrum (1
between 400 and 700 7/7)

(3) Threshold wavelength (4) : The maximum wavelength
of incident radiations required to eject the electrons from a
metallic surface is defined as threshold wavelength.

If incident wavelength 1> 40 =No photoelectron emission

(4).Einstein’s photoelectric.equation : According to Einstein,
photoelectric effect is the result of one to one inelastic collision

between photon and electron in which photon is completely
absorbed

E=hw E=hv
® K £ =max.
® KE=0
&
&
Metal

Einstein's photoelectric Eigu25idd is £= Wb+ Knax

1
where «k_ =—mv? =

mox = maximum kinetic energy of
emitted electrons.

Experimental Setup for Photoelectric Effect

(1) Two conducting electrodes, the anode (@) and cathode
(P are enclosed in an evacuated glass tube as shown

=)
\'3"'\00
'\.g‘@é
\_\Q‘Q /
— — ~N
/ = e
e —
e = &, Q
()
W

[

Fig. 25.18



(2) The battery or other source of potential difference
creates an electric field in the direction from anode to cathode.

(3) Light of certain wavelength or frequency falling on the
surface of cathode causes a current in the external circuit called
photoelectric current.

(4) As potential difference increases, photo electric current
also increases till saturation is reached.

(5) When polarity of battery is reversed (/e. plate @ is at
negative potential w.r.z plate A electrons start moving back
towards the cathode.

(6) At a particular negative potential of plate @ no electron
will reach the plate @ and the current will become zero, this
negative potential is called stopping potential denoted by 4.
Maximum kinetic energy of photo electrons in terms of stopping
potential will thereforebe « ., =0 Vv,1) ev

Effect of Intensity and Frequency of Light

(1) Effect of intensity : If the intensity of light is increased
(while it's frequency is kept the same) the current levels off at a
higher value, showing that more electrons are being emitted per
unit time. But the stopping potential 4 doesn't change /e

Intensity o« no. of incident photon o« no. of emitted
photoelectron per time o photo current

4

2/

V= constant
/
- O V—

(2) Effect of frequq_ﬁ:)&s'.lg frequency of incident light
increases, (keeping intensity is constant) stopping potential
increases but their is no change in photoelectric current

w>n /"T‘

/= constant

>

- Voo = Won 0| V—>
Important Formulaerfpefhotoelectric Effect
1) hv=hv,+k,,

and k.., =ev,

2 «

max

2h(v—1,)
3 - |2V V)
@) v =

4 « :-I—mv/2

1
=eV, =h(v—v,) = —mv}
2

max

=h(v—1,)

() Voo =
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(6) VOZE(V—VO):h—C LT oqpers | Lo L
e el 4 4 A A

Compton Effect

(1) The scattering of a photon by an electron is called
Compton effect.

(2) The energy and momentum is conserved.

(3) Scattered photon will have less energy (more
wavelength) as compare to incident photon (less wavelength).

(4) The energy lost by the photon is taken by electron as
kinetic energy.

(5) The change in wavelength due to Compton effect is

called Compton shift. Compton shift
A -d=A=—""0"cos 9
myc
If =0°A1=0
$=90°% Adl= h =0.24 nm
myc
#=180 °, Ad= 2h =0.48 nm (called Compton wave length)
mgyc
Compton scattering
Target electron e .
at rest .~~~ Recaoil
A <7 electron
YO R e
Incident photon [ L aa
A~
Scatteréd photon | \
X-Rays Fig. 25.21

(1) X-rays were discovered by scientist Rontgen thats why
they are also called Rontgen rays.

(2) Rontgen discovered that when pressure inside a
discharge tube is kept 107% /mm of Hgand potential difference is
kept 25 4V, then some unknown radiations (X-rays) are emitted
by anode.

(3) There are three essential
production of X-rays.

(i) A source of electron

(i) An arrangement to accelerate the electrons

(iii) A target of suitable material of high atomic weight and
high melting point on which these high speed electrons strike.

Coolidge X-Ray Tube

(1) It consists of a highly evacuated glass tube containing
cathode and target (also known as filament type X-ray tube).
The cathode consist of a tungsten filament. The filament is
coated with oxides of barium or strontium to have an emission
of electrons even at low temperature. The filament is
surrounded by a molybdenum cylinder kept at negative potential
w.r.t the target.

(2) The target (It is a material of high atomic weight, high
melting point and high thermal conductivity) made of tungsten
or molybdenum is embedded in a copper block.

requirements for the
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(3) The face of the target is set at 45° to the incident
electron stream.

4
Lead -9 b ——
chamber |— |-I Anode
c E— —]
Water
—_ p — e
1 i (
B — —>
F
Filament w Target

Window /X—rays

(4) The filament is heateBigy2p@&&ing the current through it.
A high potential difference (= 10 4V/to 80 V) is applied between
the target and cathode to accelerate the electrons which are
emitted by filament. The stream of highly energetic electrons
are focussed on the target.

(5) Most of the energy of the electrons is converted into
heat (above 98%) and only a fraction of the energy of the
electrons (about 2%) is used to produce X-rays.

(6) During the operation of the tube, a huge quantity of heat
is produced in this target, this heat is conducted through the
copper anode to the cooling fins from where it is dissipated by
radiation and convection.

(7) Control of intensity of X-rays : Intensity implies the
number of X-ray photons produced from the target. The
intensity of X-rays emitted is directly proportional to the
electrons emitted per second from the filament and this can be
increased by increasing the filament current. So_jntensity of X-
rays o Filament.current

(8) Control of/ quality 'or penetration,power,of Xrays :
Quality of X-rays implies the penetrating power of X-rays, which
can be controlled by varying the potential difference between
the cathode and the target.

For large potential difference, energy of bombarding
electrons will be large and hence larger is the penetration power
of X-rays.

Table 25.3 : Types of X-rays

Hard X-rays Soft X-rays

More penetration power Less penetration power

More frequency of the order of
~10" Hz

Less frequency of the order of
~10"° Hz

More wavelength range (4A -
100A)

Lesser wavelength range (0.1A
- 44)

Properties of X-Rays
(1) X-rays are electromagnetic waves with wavelength
range 0.1A - 100A.

(2) The wavelength of X-rays is very small in comparison to
the wavelength of light. Hence they carry much more energy
(This is the only difference between X-rays and light)

(3) X-rays are invisible.
(4) They travel in a straight line with speed of light.

(5) X-rays are measured in Rontgen (measure of ionization
power).

(6) X-rays carry no charge so they are not deflected in
magnetic field and electric field.

@ A <A <A

Gama rays X -rays UV rays

(8) They used in the study of crystal structure.

(9) They ionise gases

(10) X-rays do not pass through heavy metals and bones.
(11) They affect photographic plates.

(12) Long exposure to X-rays is injurious for human body.
(13) Lead is the best absorber of X-rays.

(14) For X-ray photography of human body parts, BaSo: is
the best absorber.

(15) They produce photoelectric effect and Compton effect
(16) X-rays are not emitted by hydrogen atom.

(17) These cannot be used in Radar because they are not
reflected by the target.

(18) They show all the important properties of light rays like;
reflection, refraction, interference, diffraction and polarization
etc.

Absorption of X-Rays
X-rays are absorbed when they incident on substance.
Intensity of emergent Xrays / =/ e ™
So intensity of absorbed X-rays

IS, == =T )

where x = thickness of absorbing medium, x = absorption
coefficient

h Emergent
—_——> X-rays
~———>
NS V\//\)

Incident X-rays
€<— X—>
uoc £ (A= Wavelengtﬁlg'f%?—’rz.as;l)
o V¥ (v= Frequency of X-ray)
o z2* (z = Atomic number of target)

Classification of X-Rays

In X-ray tube, when high speed electrons strikes the target,
they penetrate the target. They loses their kinetic energy and
comes to rest inside the metal. The electron before finally being
stopped makes several collisions with the atoms in the target.
At each collision one of the following two types of X-rays may
get formed.

(1) Continuous X-rays

(2) Characteristic X-rays



Continuous X-Rays

As an electron passes close to the positive nucleus of atom
of the target, the electron is deflected from it's path as shown in
figure. This results in deceleration of the electron. The loss in
energy of the electron during deceleration is emitted in the form
of X-rays.

The X-ray photons so emitted form the continuous X-ray
spectrum.

X-ray photon

mlv

(1) Minimum wavelengtl'l:lzg' TR the electron looses
whole of it's energy in a single collision with the atom, an X-ray
photon of maximum energy /Avnaxis emitted /e

1 2 hc
=eV =hy, =

2 A

min

where v = velocity of electron before collision with target
atom, V' = potential difference through which electron is
accelerated, c= speed of light = 3 x 10% /s

Maximum frequency of radiations (X-rays) v,, = %

Minimum wavelength = cut off wavelength of X-ray
“he 12375
eV v

(2) Intensity| wavelength graph :/ The centinuous X-ray
spectra consist ofall the wavelengths'over a given range. These
wavelength are of different intensities. Following figure shows
the intensity variation of different wavelengths for various
accelerating voltages applied to X-ray tube.

A

‘min

Intensit =y

30 4V
20 4V
104V

Amin —>
For each voltage, the i\/r\{?gsﬁ!%li’&g}:}brve starts at a particular
minimum wavelength (xim/f)l.g'l%s'es rapidly to a maximum and
then drops gradually.

The wavelength at which the intensity is maximum
depends on the accelerating voltage, being shorter for higher
voltage and vice-versa.

Characteristic X-Rays

Few of the fast moving electrons having high velocity
penetrate the surface atoms of the target material and knock
out the tightly bound electrons even from the inner most shells
of the atom. Now when the electron is knocked out, a vacancy is
created at that place.

X-ray photon

Fig. 25.26
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To fill this vacancy electrons from higher shells jump to fill
the created vacancies, we know that when an electron jumps
from a higher energy orbit £ to lower energy orbit £, it radiates
energy (£ — £). Thus this energy difference is radiated in the
form of X-rays of very small but definite wavelength which
depends upon the target material. The X-ray spectrum consists
of sharp lines and is called characteristic X-ray spectrum.

(1) K L M, ..... serfes : If the electron striking the target
eject an electron from the A‘shell of the atom, a vacancy is
created in the A‘shell. Immediately an electron from one of the
outer shell, say /-shell jumps to the A‘shell, emitting an X-ray
photon of energy equal to the energy difference between the
two shells. Similarly, if an electron from the A£shell jumps to the
K-shell, X-ray photon of higher energy is emitted. The X-ray
photons emitted due to the jump of electron from the £, M, N
shells to the K-shells gives A, A3 A; lines of the A‘series of the
spectrum.

o n=5
N n=4
Mo My
M Ll 1] L, M-=series n=3
L - n=:
K K L-series
K n=1

Kseries
If the electron striking 13E98) ejects an electron from the
L-shell of the target atom, an electron from the A N .... shells
jumps to the /-shell so that X-rays photons of lesser energy are
emitted.

These photons form the [-series of the spectrum. In a
similar way the formation of A/ series, N series efc. may be
explained.

(2) Intensity-wavelength graph : At certain sharply defined
wavelengths, the intensity of X-rays is very large as marked A,
Ks ... as shown in figure. These X-rays are known as
characteristic X-rays. At other wavelengths the intensity varies
gradually and these X-rays are called continuous X-rays.

Ko

Intensity

L-series

Amin Wavelength ,—)

Fig. 25.28
Mosley's Law

Mosley studied the characteristic Xray spectrum of a
number of a heavy elements and concluded that the spectra of
different elements are very similar and with increasing atomic
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number, the spectral
frequencies.

lines merely shift towards higher

He also gave the following relation Jv = a(zZ—-b)

St

Z—>
where v = Frequency of enfii@e?Bigf, ~= Atomic number of
target, @ = Proportionality constant, 6 = Screening constant or
Shielding constant.

(Z- b) = Effective atomic number

aand b doesn't depend on the nature of target. Different
values of bHare as follows

b=1 for K-series
b=74 for [-series
b=19.2 for Mseries

(1) Mosley's law supported Bohr's theory

(2) It experimentally determined the atomic number (2) of
elements.

(3) This law established the importance of ordering of
elements in perigdic table/by atomicihumber and“hot by“atomic
weight.

(4) Gaps in Moseley's data for 4 =43, 61, 72,75 suggested
existence of new elements which were later discovered.

(5) The atomic numbers of Cy, Agand Pt were established
to be 29, 47 and 78 respectively.

(6) When a vacancy occurs in the Acshell, there is still one
electron remaining in the A‘shell. An electron in the /-shell will
feel an effective charge of (Z- 1)edue to + Zefrom the nucleus
and - e from the remaining A‘shell electron, because /-shell
orbit is well outside the A‘shell orbit.

(7)  Wave length of characteristic  spectrum
1o R(Z - b)* I and energy of X-ray radiations.
A n? n?

AE=hp="TC0 Rhc (Z — b)? LI
% "12 ";

(8) If transition takes place from /2 =2to /m =1 (K=- line)

' ’SRC
(i) a=,—— =2.47 x10"° Hz
4
3RC

(i) v, =rC (2—1)2[1 —21—2] :T(Z—U2

=2.47 x10 (2 -1)? Hz

(iii) In general the wavelength of all the Alines are given by

L R(Z-1)? (1 —1—j where 7=2, 3,4, ....
/i 2

K n

1216
(z-1?

While for Az line 4,, =

(iv) E,,=10.2(z-1)%eV
Uses of X-Rays

(i) In study of crystal structure : Structure of DNA was also
determined using X-ray diffraction.

(i) In medical science

(iii) In radiography

(iv) In radio therapy

(v) In engineering

(vi) In laboratories

(vii) In detective department

(viii) In art the change occurring in old oil paintings can be
examined by X-rays.

T Tips & Tricks

&5 Discovery of positive rays helps in discovering of
isotopes.

£ The de-Broglie wavelength of electrons in first Bohr orbit
of an atom is.equal to circumference of orbit.

& A particle having zero rest mass and non zero energy
and.momentum/must travels withsa speed equal to speed of
light.

& de-Broglie wave length associates with gas molecules

. h h
is givenas /1= =

mv s \/3 mkT

) 3
at temperature 7is £ =—kT )
2

(Energy of gas molecules

& A photon is not a material particle. It is a quanta of
energy.

& When a particle exhibits wave nature, it is associated
with a wave packet, rather then a wave.

& By coating the metal surface with a layer of barium oxide or
strontium oxide it's work function is lowered.

& We must remember that intensity of incident light
radiation is inversely proportional to the square of distance
between source of light and photosensitive plate P /e,

1 1
I oc - SO /ocioc d—z)

£ The photoelectric current can be increased by filling
some inert gas like Argon into the bulb. The photoelectrons

emitted by cathode ionise the gas by collision and hence the
current is increased.

& Compton effect shows that photon have momentum.

& Production of X-ray is the reverse phenomenon of
photoelectric effect.



£ The thickness of medium at which intensity of emergent

X-rays becomes half /e. I'= L is called half value thickness
2

0.693
Y7

(x2) and it is given as x, ,, =

& Continuos X-rays are produced due to the phenomenon
called "Bremsstrahlung". It means slowing down or braking
radiation.

& The wavelength of characteristic X-ray doesn't depend
on accelerating voltage. It depends on the atomic number (2)
of the target material.

£ In characteristic X-ray spectrum 4,,<4,,<4 and

Ma

V,

ke >V

La =V

Ma

also 4, > Ay > 4y,

& Nearly all metals emits photoelectrons when exposed to
UV light. But alkali metals like lithium, sodium, potassium,
rubidium and cesium emit photoelectrons even when
exposed to visible light.

& Oxide coated filament in vacuum tubes is used to emit
electrons at relatively lower temperature.

£ Conduction of electricity in gases at low pressure takes
because colliding electrons acquire higher kinetic energy due
to increase in mean free path.

£ Kinetic energy of cathode rays depends on both voltage
and work function of gathode.

&5 Photoelectric effectiis dug to'the particle nature of light.

£ Hydrogen atom does not emit X-rays because it's energy
levels are too close to each other.

£& The essential difference between X-rays and of jrays is
that, yrays emits from nucleus while X-rays from outer part
of atom.

£ There is no time delay between emission of electron and
incidence of photon /e the electrons are emitted out as soon
as the light falls on metal surface.

£ If light were wave (not photons) it will take about an year
to eject a photoelectron out of the metal surface.

£ Doze of X-ray are measured in terms of produced ions or
free energy via ionisaiton.

£ Safe doze for human body per week is one Rontgen (One
Rontgon is the amount of X-rays which emits 2.5 x 10" /free
energy through ionization of 1 gmair at NTP

£ The photoelectrons emitted from the metallic surface
have different kinetic energies even when the incident
photons have same energy. This happens because all the
electrons do not exist in the surface layer.

Those coming from below the surface loose more energy
in getting themselves free.

£& Einstein was awarded Nobel prize for explaining the
photoelectric effect.
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& Uncertainty in the measurement of momentum of

L . h
photon within the nucleusis Ap = —
27

where 4 = diameter of the nucleus and Ax = d =

uncertainty in the measurement of position of proton.

was

Ordinary Thinking
Objective Questions

Cathode Rays and Positive Rays

In the Millikan's experiment, the distance between two
horizontal plates is 2.5 ¢ and the potential difference
applied is 250 V. The electric field between the plates will
be

(a) 900 V/m (b) 10000 V/m
(c) 625 V/m (d) 6250 V/m

The cathode rays have particle nature because of the fact
that
[CPMT 1986; MNR 1986]

(a) They can propagate in vacuum

(b) They are deflected by electric and magnetic fields
(c)™ They produced fluorescence

(d) They cast shadows

In ‘Millikan's experiment, for the determination of the

charge on the electron, the reason for using the oil is
(a) ltis alubricant (b) lIts density is higher
(c) It vapourises easily (d) It does not vapourise

The mass of a particle is 400 times than that of an
electron and the charge is double. The particle is

accelerated by 5 V Initially the particle remained in rest,

then its final kinetic energy will be
[MP PMT 1990]

(@) 5eV (b) 10 eV

(c) 100 eV (d) 2000 eV

1

An electron (charge = 1.6 x10 " ¢ ) is accelerated
through a potential of 100,000 I/ The energy acquired by

the electron is [MP PET 1989]
(@ 1.6x10™ y (b) 1.6x10 ™" erg
(c) o0.53x10 7"y (d) 1.6x10™y

While doing his experiment, Millikan one day observed the
following charges on a single drop

(i) 6.563 x10 ¢ (i) s8.204 x10 ¢
(iii) 11.50 x10 " ¢ (iv) 13.13x10 "¢
(v) 16.48 x10 P ¢ (vi) 18.09 x10 “ ¢

From this data the value of the elementary charge (¢
found to be [MP PMT 1993]
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10.

11.

12.

-19 19

(@) 1.641 x10 ¢ (b) 1.630 x10 ¢

19 -19

(c) 1.648 x10 ¢ (d) 1.602 x10 ¥ ¢

When electron beam passes through an electric field, they
gain kinetic energy. If the same beam passes through
magnetic field, then

(a) Their energy increases

(b) Their momentum increases

(c) Their potential energy increases

(d) Energy and momentum both remains unchanged
Which of the following law is used in the Millikan's

method  for the  determination of  charge
[DPMT 2002]

(a) Ampere's law (b) Stoke's law
(c) Fleming's left hand rule (d) Fleming's right hand rule
The mass of the electron varies with
(a) The size of the cathode ray tube
(b) The variation of g’
(c) Velocity
(d) Size of the electron
When the speed of electrons increases, then the value of
its specific charge [MP PMT 1994]
(a) Increases
(b) Decreases
(c) Remains unchanged
(d) Increases upto some 'velocity and ‘then begins to
decrease
An electron is accelerated through a potential difference
of 1000 vo/ts. Its velocity is nearly
[MP PMT 1985; Pb. PET 2003]

(@) 3.8x10'm/s (b) 1.9%x10°m/s

(c) 1.9x10"m/s (d) 5.7x10"m/s

In an electron gun the control grid is given a negative
potential relative to cathode in order to [NCERT 1988]
(a) Decelerate electrons

(b) Repel electrons and thus to control the number of
electrons passing through it

(c) To select electrons of same velocity and to converge
them along the axis

(d) To decrease the kinetic energy of electrons



20.

The ratio of momenta of an electron and an a—particle which are

accelerated from rest by a potential difference of 100 Vis 2
2m
@ 1 (b) :
ma
m m
© == (d) . 22.
m, 2m,

When subjected to a transverse electric field, cathode rays move
(@) Down the potential gradient

(b) Up the potential gradient

(c) Along a hyperbolic path

(d) Along a circular path

The fact that electric charges are integral multiples of the

fundamental electronic charge was proved experimentally by 23.
(@) Planck (b) ]J. Thomson

(c) Einstein (d) Millikan

In Millikan oil drop experiment, a charged drop of mass

1.8x107'*Kg is stationary between its plates. The distance

between its plates is 0.90 c¢m and potential difference is 2.0 kilo

volts. The number of electrons on the drop is 4
[MP PMT 1994, 2003; MP PET 1997]
(@) 500 (b) 50
() 5 (d) o
The charge on electron was discovered by
[BHU 1995; RPMT 1999; DCE 2004] 2
(@) ]J. Thomson (b) \\Neil Bohr
(c) Millikan (d) Chadwick
From the following, what charges can be present on oil drops in
Millikan's experiment [MP PET 1995]
(@) Zero, equal to the magnitude of charge on « — particle
(b) 2e,1.6x107%C, -
() 1.6x107°C,2.5¢
(d) 1.5e,e
(Here e is the electronic charge)
A narrow electron beam passes undeviated through an electric field
E=3x10%volt/mand an  overlapping  magnetic  field 2"
B =2x10"Weber/m?. If electric field and magnetic field are
mutually perpendicular. The speed of the electrons is
(a) 60 m/s (b) 10.3x10'm/s
(6) 1.5x10'm/s (d) 0.67x107m/s
In Thomson's method of determining e/m of electrons
28.

[MP PMT 1997]
(a) Electric and magnetic fields are para“e] to electrons beam

(b) Electric and magnetic fields are perpendicular to each other
and perpendicular to electrons beam

() Magnetic field is parallel to the electrons beam

1394 Electron, Photon, Photoelectric Effect and X-Rays

(d) Electric field is parallel to the electrons beam

Cathodwys]%ﬁ'eppﬁgdggﬂ]miform magnetic field perpendicular to

the direction of the field. In the magnetic field their path will be
(a) Straight line (b) Circle
(c) Parabolic (d) Ellipse
The specific charge of an electron is  [MP PMT/PET 1998;

J&K CET 2004; Pb. PET 2002; MH CET 1999]
[MP PE’[11§94]
(@) 1.6x107" coulomb

(b) 4.8x10statcoulomb
() 1.76x10" coulomb/kg

(d) 1.76x10*coulomb/kg
An electron is mUWREELMP4bnstant velocity along X —axis. If a

uniform electric field is applied along Y — axis, then its path in the

X —Y plane will be [MP PMT 1999]
(@) A straight line (b) A circle
(c) A parabola (d) An ellipse

Cathode rays are similar to visible light rays in that

[SCRA 1994]
(@) They both can be deflected by electric and magnetic fields
(b) They both have a definite magnitude of wavelength
(¢) .. They both can ionise a gas through which they pass
(d)m They=both can expose a phtographicpplate

Which one of the following devices makes use of] the electrons to

strike certain 'substances'to prodice fluorescence

[SCRA 1994]
(@) Thermionic valve (b) Photoelectric cell
(c) Cathode ray oscilloscope (d) Electron gun

An oxide coated filament is useful in vacuum tubes because

essentially [SCRA 1994]

(@) 1t has high melting point
(b) 1t can withstand high temperatures
(c) It has good machanical strength
(d) 1t can emit electrons at relatively lower temperatures
Gases begin to conduct electricity at low pressure because
[CBSE PMT 1994]

(a) At[WPEﬁefgggT, gases turn to plasma

(b) Colliding electrons can acquire higher kinetic energy due to
increased mean free path leading to ionisation of atoms

() Atoms break up into electrons and protons

(d) The electrons in atoms can move ﬁ"ee]y at low pressure

A beam of electrons is moving with constant velocity in a region
having electric and magnetic fields of strength 20 Vm ™ and 05 7

at right angles to the direction of motion of the electrons. What is
the velocity of the electrons

[CBSE PMT 1996]
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(@) 20 ms™ (b) 40 ms™

() 8 mst (d 55 ms?t

Kinetic energy of emitted cathode rays is dependent on
[CPMT 1996]
(@) Only voltage
(b) Only work function
(¢) Both (a) and (b)
(d) 1t does not depend upon any physical quantity
The radius of the orbital of electron in the hydrogen atom 0.5 A.

The speed of the electron is 2 ><106m/s . Then the current in the
loop due to the motion of the electron is

[RPMT 1996]

(@) 1mA (b) 15 mA

(&) 2.5 mA (d) 1.5x1072mA

The kinetic energy of an electron which is accelerated through a
potential of 100 volts is

[MP PET 1986; CBSE PMT 1997; AlIMS 1998]

@) 1.602x107J (b) 418.6 calories

() 1.16x10*K d) 6.626x107* W- sec
When a proton is accelerated with 1 volt potentia] difference, then its
kinetic energy is

[CPMT 1997; CBSE PMT 1999; RPET 2003]
LGV
1840

() 1eW

(a) (b), 1840 eV

(d) 11840 c eV
Energy of electrons can be increased by a"owing them

[JIPMER 1997]

—

a) To fall through electric potential

(b) To move in high magnetic field

—

c) To fall from great heights
(d) To pass through lead blocks

Cathode rays and canal rays produced in a certain discharge tube
are deflected in the same direction if [SCRA 1998]

(@) A magnetic field is applied normally
(b) An electric field is applied normally
(c) An electric field is applied tangentially
(d)

In a Millikan's oil drop experiment the charge on an oil drop is

A magnetic field is applied tangentially

calculated to be 6.35X10719C . The number of excess electrons

on the drop is [MNR 1998]
(a) 39 (b) 4
() 42 d) 6
Cathode rays consist of [DCE 1999]

(@) Photons (b) Electrons
(c) Protons (d)

A metal plate gets heated, when cathode rays strike against, it due to
[CPMT 2000; Pb. PET 2000]

« -particles

(@) Kinetic energy of cathode rays

(b) Potential energy of cathode rays

38.

39.

40.

4.

42.

43.

45.

46.

il

(c) Linear velocity of cathode rays
(d) Angular velocity of cathode rays
Cathode rays are [RPET 2000]
(@) Positive rays (b) Neutral rays
() He rays (d) Electron waves
An electron of charge ‘¢ coulomb passes through a potential
difference of V volts. Its energy in ‘joules will be

[MP PET 2000]
@@ Vle (b) eV
() elV d) v
An electron is accelerated through a potential difference of 200

volts. If e/m for the electron be 1.6x10™ coulomb/kg, the
velocity acquired by the electron will be

[MP PET 2000]

@@ 8x10°m/s (b) 8x10°m/s

(¢) 5.9x10°m/s (d) 5.9x10°m/s
Which is not true with respect to the cathode rays

[Kerala PET 2001]
(@) A stream of electrons
(b) Charged particles
() Move with speed same as that of light
(d) Can be deflected by magnetic fields

In Milikan’s experiment, an oil drop having charge g gets stationary
on applying a potential difference Vin between two plates separated
by a distance;‘d. The weight of the drop is

d

Vd b ¥

(@9 (b) q i

q \4

- d Al

© 3 q @ ay

Electron volt is a unit of [MP PMT 2001]

(@) Potential (b) Charge
(c) Power (d) Energy

In Thomson experiment of ﬁnding e/m for electrons, beam of
electron is rep]aced by that of muons (particle with same charge as
of electrons but mass 208 times that of electrons). No deflection
condition in this case satisfied if

[Orissa (Engg.) 2002]

(@) Bis increased 208 times
(b) Eis increased 208 times
(c) Bisincreased 14.4 times
(

d) None of these

The colour of the positive column in a gas discharge tube depends
on [Kerala (Engg.) 2002]

(@) The type of glass used to construct the tube

(b) The gas in the tube

(c) The applied voltage

(d) The material of the cathode

Cathode rays are produced when the pressure is of the order of

(b) 0.4 cmof Hg
(d) 1 um of Hg

(@) 2 cmof Hg
(c) 0.01 mm of Hg
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The speed of an electron having a wavelength of 107° m is

[AIMS 2002]

(@) 7.25x10°m/s (b) 6.26x10°m/s

() 5.25x10°m/s (d) 4.24x10°m/s

Which of the following is not the property of a cathode ray

[CBSE PMT 2002]
(@) 1t casts shadow
(b) 1t produces heating effect
(¢) 1t produces flurosence
(d)

In a Thomson set-up for the determination of e/m, electrons

1t does not deflect in electric field

accelerated by 2.5 KV enter the region of crossed electric and

magnetic fields of strengths 3.6x10*Vm™ and 1.2x107°T

respectively and go through undeflected. The measured value of

e/m of the electron is equa] to

[AMU 2002]

(@) 1.0x10™C-kg™ (b) 1.76x10™C-kg™

(¢) 1.80x10™C-kg™ (d) 1.85x10™C-kg™*

The ratio of speciﬁc charge ofan a —partic]e to that of a proton is
@@ 2: (b) 1:1
(d) 1:3

In Bainbridge mass spectrograph a potential difference of 1000, Vis
applied between two plates distant 1 crm apart and_magnetic field in
B =17 The \velocity of undeflected positive iofts in\m/s from the
velocity selector is

() 1:2

[RPMT1998]
@@ 10'm/s (b) 10*m/s
() 10°m/s (d) 10°m/s

When cathode rays (tube voltage ~ 10 kV) collide with the anode of

high atomic weight then we get  [MP PET 1985]
(a) Positive rays (b) X-rays
(c) Gamma rays (d) Canal rays

In Thomson's experiment if the value of g/m is the same for all
positive ions striking the photographic p]ate, then the trace would

be [RPMT 1986
(@) Straight line (b) Parabolic
(c) Circular (d) Elliptical

Ina discharge tube at 0.02 mm, there is a formation of

[CBSE PMT 1996]
(a) FDS (b) CDS
(c) Both space (d) None of these

Electric field and magnetic field in Thomson mass spectrograph are
applied [RPMT 1998]

(a) Simultaneously, perpendicular

(b) Perpendicular but not simultaneously
(c) Parallel but not simultaneously

(d) Parallel simultaneously

The current conduction in a discharged tube is due to

57.

58.

59.

60.

61.

62.

63.

64.

[CBSE PMT 1999]
(@) Electrons only
(b) +veions and electrons
(c) — veions and electrons
(d) + veions, — veions and electrons

In Milikan's oil drop experiment, a charged drop falls with terminal
velocity V. If an electric field E is applied in vertically upward
direction then it starts moving in upward direction with terminal

E
velocity 2V. If magnitude of electric field is decreased to E , then
terminal velocity will become

[CBSE PMT 1999]

\%
(@) >

©) % @ 2v

An electron is accelerated through a p.d. of 45.5 volt The velocity
acquired by it is (in ms) [ANIMS 2004]

(@) 4x10° (b) 4x10*
(¢ 10° (d) Zero
A cathpdeeemilsos} -8 %10 electrons per second, when heated.
When 400V is applied to anode all the emitted electrons reach the

anode. The charge on electron is 1.6x107°C. The maximum
anode current is

[MP PMT 2004]
@) 2.7uA (b)
(c) T2uA

Order of q/m ratio of proton, & —partic]e and electron is

29A
(d) g29 mA

[AFMC 2004]
@ e>p>a (b)
(d) None of these

p>a>e
(c) e>a>p
A charge of magnitude 3 and mass 2M is moving in an electric
field E. The acceleration imparted to the charge is

[DCE 2004]
(a) 2Ee/3m (b) 3Ee/2m
() 2m/3Ee (d) 3m/2Ee

An electron initially at rest, is accelerated through a potential

difference of 200 volt, so that it acquires a velocity 8.4 x10°m/s.
The value of e/m of electron will be

[DPMT 2003]

(@) 2.76x10%C/kg (b) 1.76x10"C/kg

(¢) 0.76 x10%2C/ kg (d) None of these
An « particle is accelerated through a p.d of 10° volt then KE of

particle will be [Pb. PET 2003]

(a) 8 MeVv (b) 4 Mev

() 2 MeV (d) 1 Mev

Positive rays consists of [RPMT 1996, 2003]
(@) Electrons (b) Neutrons

(c) Positive ions (d) Electro magnetic waves
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O**,C*, He"" and H" ions are projected on the photographic 3
plate with same velocity in a mass spectrograph. Which one will
strike farthest [RPMT 2003]
(@ O™ (b) C*
() He™ d H; 4
An electron beam is moving between two parallel plates having
electric field 1.125x10°N/m. A magnetic field 3x107°T is
also applied so that beam of electrons do not deflect. The velocity of
the electron is [MH CHT 2004]
(a) 4225m/s (b) 3750m/s
() 2750m/s (d) 3200m/s 5.
Positive rays was discovered by [RPMT 1998]
(@) Thomson (b) Goldstem
() W. Crookes (d) Rutherford
An electron is moving in electric field and magnetic field it will gain
energy from [DCE 1998]
(@) Electric field (b) Magnetic field
(c) Both of these (d) None of these 6.
If an electron oscillates at a frequency of 1 GHz it gives

[DCE 1999]
(@) Xrays (b) Mirowaves
(c) Infrared rays (d) None of these
In an electron gun, the electrons are accelerated by the potential V.
If e is the charge and m is the mass of an electron, then the
maximum velocity of these electrons will be

7.

0 2 o)\ 2
m m
[2m v?
© eV @ 2em 8.

Which of the following have highest specific charge

[BHU 2005]

(@) Positron (b) Proton
(¢) He (d) None of these

In Millikan’s oil drop experiment, an oil drop of mass 16 x10®kg
is balanced by an electric field of 106V /m. The charge in

coulomb on the drop, assuming g =10m/s? is

9.
(@) 6.2x107% (b) 16x107°
() 16x107M (d) 16x107®
Matter Waves
10.
The idea of matter waves was given by
(a) Davisson and Germer (b) de-Broglie
(c) Einstein (d) Planck
Wave is associated with matter
(@) When it is stationary
(b) When it is in motion with the velocity of light only
(c) When it is in motion with any velocity n

(d) None of the above

il

The de-Broglie wavelength associated with the particle of mass m
moving with velocity vis

[CBSE PMT 1992]
(@ h/mv (b) mv/h
() mhlv (d)
A photon, an electron and a uranium nucleus all have the same
wavelength. The one with the most energy

m/hv

[MP PMT 1992]
a) s the photon
b) 1s the electron
c) s the uranium nucleus

d) Depends upon the wavelength and the properties of the
particle.

A particle which has zero rest mass and non-zero energy and
momentum must travel with a speed

[MP PMT 1992; DPMT 2001; Kerala PMT 2004]
(@) Equal to ¢ the speed of light in vacuum
(b) Greater than ¢
(c) Less than ¢
(d) Tending to infinity

When the kinetic energy of an electron is increased, the wavelength
of the associated wave will

(@) Increase

(b) Decrease

() Wavelength does not depend on the kinetic energy
(d)m None ofjthe above

MP PMT 1987, 96; BHU 1995; MNR 1998
[ If the de-Broglie wave%engths or a] proton and fér a\a — particle are

equal, then the ratio of their|velocities will be
@ 4:1 (b) "2 :7
d) 1:4

The de—Brog]ie wave]ength A associated with an electron having

() 1:2

kinetic energy E'is given by the expression
[MP PMT 1990; CPMT 1996]

h 2n
) ——— b
@) e (b) oy
() 2mhE ) %

UP SEAT 200
Dual thure 0/? radia

?i]on is shown by  [MP PET 1991]

(@) Diffraction and reflection

(b) Refraction and diffraction

(c) Photoelectric effect alone

(d) Photoelectric effect and diffraction

For the Bohr's first orbit of circumference 2ar, the de-Broglie

wavelength of revolving electron will be

[MP PMT 1987]

(@) 2ar ) ar
1 1
(c) o (d) yp

An electron of mass m when accelerated through a potential

difference V' has de-Broglie wavelength A. The de-Broglie
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wavelength associated with a proton of mass M accelerated through

the same potential difference will be

[CBSE PMT 1995; EAMCET 2001; ] & K CET 2004]

m m
@ © A
m m

What will be the ratio of de—Brog]ie wave]engths of proton and
o — particle of same energy

[RPET 1991, 96; DCE 2002; Kerala PET 2005]
@@ 2:1 (b) 1:2
d) 1:4

What is the c]e—Brog]ie wave]ength of the a—partic]e accelerated
through a potential difference V' [RPMT 1996]

() 4

@ 0.287 A ®) 12.27 A
W W
(c) O;/]él A (d) O;/ZVOZ A
de-Broglie hypothesis treated electrons as
[BHU 2000]
(@) Particles (b) Waves
(c) Both ‘4 and ‘¥ (d) None of these

The energy /that ShouldTbe ddded {6 anfelectron;, toyrediice™its de-

Broglie wavelengths from 10_10 mto 0.5 x 10_10 m, will be [KCET (Engg./Med.) 2@8}’] 525%x10°m /s

(@) Four times the initial energy
(b) Thrice the initial energy

(c) Equal to the initial energy
(d) Twice the initial energy

The de-Broglie wavelength of an electron having 80V of energy is

neal‘]y
(1eV=1.6 x 10", Mass of electron = 9 x 10°kg

Plank’s constant = 6.6 X 10~ J-sec)

[EAMCET (Engg.) 2001]
(b) o014 A
(d) 14 A

(a) 140 A
() 14A

If par‘tic]es are moving with same ve]ocity, then maximum de—Brog]ie

wavelength will be for [CBSE PMT 2002]

(@) Neutron (b) Proton

(c) P-particle (d)

If an electron and a photon propagate in the form of waves having

o -particle

the same wavelength, it imp]ies that they have the same [CBSE PMT 1995; DCE 2001;(A)IM$)“2003]

(@) Energy (b) Momentum

(c) Velocity (d) Angular momentum

The de-Broglie wavelength is proportional to [RPET 2003]

20.

21

22,

23.

24.

25.

26.

27.

28.

(a) /106l (b) ﬂ.oci
14 m
©) /10(% d) Aocp

Particle nature and wave nature of electromagnetic waves and
electrons can be shown by [AIIMS 2000]

(@) Electron has small mass, deflected by the metal sheet

(b) X-ray is diffracted, reflected by thick metal sheet

(c) Light is refracted and defracted

(d) Photoelectricity and electron microscopy

The de-Broglie wavelength of a particle moving with a velocity 2.25

X 10' my/s is equal to the wavelength of photon. The ratio of kinetic
energy of the particle to the energy of the photon is (velocity of

light is 3 X 10° m/s)

[EAMCET (Med.) 2003]
@ 18 (b) 3/8
() 5/8 (d) 7/8

According to de—Brog]ie, the de—Brog]ie wave]ength for electron in an
orbit of hydrogen atom is 10° m. The principle quantum number for

this electron is [RPMT 2003]
@ 1 (b) 2
() 3 d) 4

The speed of an electron having a wavelength of 10 O0m s
[Manipal 1997; ATIMS 2002]

(a)[] 7425%10° mys (b) 6.26 x10%m /s

(d) _4.24x10°m/s

The kinetic energy of electron and proton is 10732 J . Then the
relation between their de-Broglie wavelengths is

[CPMT 1999]
@ Ay <A ® Ay >4
(c) ﬂ'p =% (d) ﬂ'p =24

The de—Brog]ie wave]ength of a partic]e accelerated with 150 volt

potential is 107 m. If it is accelerated by 600 volts pd. its

wavelength will be [RPET 1988]
(a) 025 A (b) 05 A4
(c) 154 (d) 24

The de—Brog]ie wave]ength associated with a hydrogen molecule
moving with a thermal velocity of 3 km/s will be

(@) 14 (b) 0.66 A
(c) 66 A (d) 66 A4

When the momentum of a proton is changed by an amount P, the
corresponding change in the de-Broglie wavelength is found to be
0.25%. Then, the original momentum of the proton was

(b) 100 p
(c) 400p d 4p

The de-Broglie wavelength of a neutron at 27:Cis 4. What will be its
wavelength at 927C [DPMT 2002]

@ Alz (b) A/3
() A/4 (d /9



29.

30.

3

32.

33.

35.

36.

37.

UNIVERSAL

Electron, Photon, Photoelectric Effect and X-Rays 13909 P

An electron and proton have the same de-Broglie wavelength. Then
the kinetic energy of the electron is

[Kerala PMT 2004]
(@) Zero
(b) Infinity
(c) Equal to the kinetic energy of the proton
(d) Greater than the kinetic energy of the proton

For moving ball of cricket, the correct statement about de-Broglie
wavelength is [RPMT 2001]

(@) 1t is not applicable for such big particle

h
b
) v2mE
h
(c) ZE
h
(d) ZmE

Photon and electron are given same energy (10720 .]). Wave]ength

associated with photon and electron are /1Ph and 1el then correct

statement will be [RPMT 2001]

@  Apn > 4 (b)) Apn <Ag
A,

©) App = A d ZL=cC
Apn

The kinetic energy of an electron with de—Brog]ie wave]ength of 0.3
nanometer is [UPSEAT 2004]

(@) 0.68 ek (b) 168 eV
(c) 168 eV ) 25 eV

A proton and an (particle are accelerated thretigh a“potential
difference of 100 V. The ratio of the wavelength associated with the

proton to that associated with an a-particle is

@ V2:1 b 2:1
1

© 24/2:1 d —=:1

2J2

The wavelength of de-Broglie wave is 2m, then its momentum is (A

= 6.63 X 107 J-5) [DCE 2004]

(a) 3.315 x 10~ kg-m/s (b) 1.66 X 107 kg-m/s
() 4.97 x 10" kg-m/s (d) 9.9 x 10 kg=m/s

de-Broglie wavelength of a body of mass 1 kg moving with velocity of

2000 m/s is [Pb. PMT 2003]
(a) 332 x10°A (b) 15x10A
(¢) 0.55x10-A (d) None of these

The kinetic energy of an electron is 5 eV Calculate the de—Brog]ie
wavelength associated with it (/= 6.6 X 10" Js, m = 9.1 X 10" kg)

() 547A (b) 109A
(¢) 27A (d)

The wavelength associated with an electron accelerated through a
potential difference of 100 V'is nearly

None of these

[RPMT 2003]
(a) 100 A
(¢) 123A

(b) 123A
(d) 0123 A

38.

39.

40.

41.

42,

43.

The de-Broglie wavelength A [RPMT 2004]
(@) is proportional to mass
(b) is proportional to impulse
(c) Inversely proportional to impulse
(d) does not depend on impulse
Davission and Germer experiment proved
[RPET 2002; DCE 2004]
(@) Wave nature of light (b) Particle nature of light
(c) Both (a) and (b) (d) Neither (a) nor (b)
If the kinetic energy of a free electron doubles, its de-Broglie
wavelength changes by the factor [AIEEE 2005]

1
a) — b \/E
@ Nl (b)
1

(©) ) 2

2

The energy that should be added to an electron to reduce its de
Broglie wavelength from one nm to 0.5 nmis

[KCET 2005]
(a) Four times the initial energy
(b) Equal to the initial energy
(c) Twice the initial energy
(d) Thrice the initial energy

de-Broglie wavelength of a body of mass m and kinetic energy E is

given by [BCECE 2005]
h 2mE
A=—0o b) A=
@ -~ (b) "
fl A2 » 1 ) AZ p
2mE 2mE

The wavelength of the'Watter Wave is independent of

[Kerala PMT 2005]
(a) MIBEE 2002; DPMT 2003] (1) velocity
(c) Momentum (d) Charge
Photon and Photoelectric Effect

The momentum of a photon is 3.3 x107% kg — m/sec. 1ts frequency
will be

[CPMT 1980; MP PET 1992; DPMT 1999]
(@) 3x10%Hz (b) 6x10°Hz
() 7.5x10%Hz d) 1.5x10"Hz

The energy of a photon of wavelength A is given by
[CPMT 1974; CBSE PMT 1992; DCE 1998;
BHU 2000; DPMT 2001]

@ ha (b) cha

() Alhc (d) hc/a

The mdetermMm zoajphoton is 2x 107 gm-cm/sec. Its energy is
(a) 0.61x10®erg (b) 2.0x10%erg

(c) 6x107°%erg (d) 6x107%erg
The rest mass of the photon is
[MP PET 1994; CPMT 1996; RPMT 1999; JIPMER 2002]
@ o
(b)
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() Between 0 and o0
(d) Equal to that of an electron
The momentum of the photon of wavelength 50004 will be
[CPMT 1987]

(@) 1.3x1077kg - m/sec (b) 1.3x107%Kg - m/sec
(&) 4x10%kg - m/sec (d) 4x107kg - m/sec

The momentum of a photon of energy hv will be

[DCE 2000]
(@ hv (b) hvic
() hwe (d) hlv
A photon in motion has a mass [MP PMT 1992]
(@ c/hv (b) hlv
() hv (d hvic?

If the momentum of a photon is p, then its frequency is
[MP PET 1989]

ph pc
@ ® v
mh mc
© Y

Where m is the rest mass of the photon

An AIR station is broadcasting the waves of wavelength 300 metres.
If the radiating power of the transmitter is 10 AW, then the number
of photons radiated per second is

[MP PET 1989; RPMT 2000]
@) 15x10% (), 1.5x10%
() 1.5%10% (d) V1.5%10%

The energy of a photon is E=hv and the momentum of photon

p= % , then the velocity of photon will be

[CPMT 1991]
(@ Bp ®) &

2
©) [Ej @
p

The approximate wavelength of a photon of energy 2.48 eV'is
(b) 5000 A
(d) 1000 A

3x10%m/s

(a) 500 A
(c) 2000 A

An important spectral emission line has a wavelength of 21 cm. The

corresponding photon energy is  [MP PMT 1993]
(@) 5.9x107*eV (b) 5.9x10°%eV
() 5.9x10°%ev (d) 11.8x10°ev

(h=6.62x10"Js; c=3x10%m/5s)

The momentum of a photon in an X-ray beam of 107" metre
wavelength is [MP PET 1996]
(@) 1.5x1072kg — m/sec (b) 6.6x107% kg — mssec

() 6.6x10™* kg — m/sec (d) 2.2x107%kg — mysec

The energy of a photon of light with wavelength 5000 A is
approximately 2.5 eV. This way the energy of an X-ray photon with
wavelength 1A would be [MP PET 1997]

20.

21

22,

23.

24.

(b) 2.5/(B000)%eV
d) 2.5x(5000)%eV

(@) 2.5/5000 eV
() 2.5x5000eV

Energy OF a quanta Of Frequency 1015 HZ and
h=6.6x10"*J-sec will be [RPMT 1997]
(@) 6.6x107°J (b) 6.6x10712J
() 6.6x107%J (d) 6.6x107J

Momentum of a photon of wavelength A is
[CBSE PMT 1993; JIPMER 2001, 02]

(a) % (b) Zero
@ M @ M
C C

Wavelength of a 1 keV photon is 1.24 x107°m . What is the
frequency of 1 MeV/ photon
[CBSE PMT 1993; MP PET 2005]

@) 1.24x10% Hz (b) 2.4x10®Hz
(©) 1.24x10® Hz d) 2.4x10%®Hz
What is the momentum of a photon having Frequency

1.5x10% Hz
@) 3.3x10%kgm/s

[BHU 1997]
(b) 3.3x10*kgm/s

() 6.6x10*kgm/s (d) 6.6x10kgm/s
The energy of a photon oflight of wavelength 450 nm is
[BHU 1997; JIPMER 2000]
(a)m 4.4x107°7 (b) 2.5x107°J
()] 425%107 ] (d) 2.5x10"y

Frequency of photon having lenergy 66 eViis
[CPMT PMT 1997]

(@) 8x10®Hz (b) 12x107°Hz
() 16x10™Hz (d) None of these

Which of the following statement is not correct

(

a)
(b) Photographic plates are sensitive to ultraviolet rays
<)

(

[AFMC 1999]
Photographic plates are sensitive to infrared rays

Infra-red rays are invisible but can cast shadows like visible

light

(d) Infrared photons have more energy than photons of visible
light [MP PMT 1987]

If we express the energy of a photon in KeV and the wavelength in

angstroms, then energy of a photon can be calculated from the

relation [AMU (Engg.) 1999]
(@) E=12.4hv (b) E=12.4h/4

() E=12.4/2 d) E=hv

The frequency of a photon, having energy 100 eV
is(h=6.610"% J-sec) [AFMC 2000]
@) 2.42x10%Hz (b) 2.42x10% Hz

() 2.42x10%Hz d) 2.42x10°Hz

A photon of wave]ength 4400 A is passing through vacuum. The
effective mass and momentum of the photon are respectively

(@) 5x10%kg,1.5x10% kg-m/s
(b) 5x10%kg,1.5x10 % kg-m/s
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() Zero, 1.5x10% kg-m/s
(d) 5x10"%kg,1.67x10*°kg-m/s

Which of the following is true for photon [RPET 2001]
hc 1
E=— b) E=—mu
@ n (b) >
E 1 2
=— d) E==mc
© P=7 () >

Which of the following is incorrect statement regarding photon[MH CET (Med.) 20

(a) Photon exerts no pressure

(b) Photon energy is hv
(c) Photon rest mass is zero
(d) None of these

If a photon has velocity ¢ and frequency V, then which of following

represents its wavelength [ATEEE 2002]
hc hv
b b) —

(@) E (b) c
hv

(c) e (d hv

The mass of a photo electron is

@ 9.1x107% kg

[MP PMT 2002]
(b) 9.1x107® kg

() 9.1x107%kg ) 9.1x10"*kg

Energy of photon whose frequency is 102 MHz, will be
[MH CET 2002]
(@) 4.14x10%keV (b) 4.14x10%V
() 4V4 %10%MeV (d) 4714 = 10%8V.
There are /N,| photons of frequency|\7; in a beam of llight. /In an

equally energetic beam, there are N, photons of frequency y,.

Then the correct relation is [KCET 2003]
n n
@ =1 b =1
n, N, 7
2
o _7 hn_ 7
(© =1z @ =4
N, 7 N, 73

Einstein's photoe]ectric equation states that Ek =hv—¢. In this

equation E, refers to [CPMT 1982; MP PMT 1997]

(@) Kinetic energy of all the emitted electrons

(b) Mean kinetic energy of the emitted electrons

(c) Maximum kinetic energy of the emitted electrons
(d) Minimum kinetic energy of the emitted electrons

Kinetic energy with which the electrons are emitted from the metal
surface due to photoelectric effect is  [CPMT 1973]

(@) Independent of the intensity of illumination

(b) Independent of the frequency of light

(c) Inversely proportional to the intensity of illumination

(d) Directly proportional to the intensity of illumination

The threshold wavelength for photoelectric emission from a material
is 5200 A. Photo-electrons will be emitted when this material is

3.

35.

36.

37.

38.

39.

40.

il

(c) 50 watt ultraviolet lamp
(d) 1 watt ultraviolet lamp
(e) Both (c) and (d)

Threshold frequency for a metal is 10" Hz Light of

A =4000A falls on its surface. Which of the following statements
is correct

(@) No photoelectric emission takes place

(b) Photo-electrons come out with zero speed
0& Photo-electrons come out with 10° my/sec speed

(d) Photo-electrons come out with 10 m/sec speed

Photo cells are used for the

(@) Reproduction of pictures from the cinema film

(b) Reproduction of sound from the cinema film

() Automatic switching of street light

(d) (b) and (c) both

Einstein got Nobel prize on which of the following works

[DCE 1995]

(@) Mass-energy relation

(b) Special theory of relativity

(c) Photoelectric equation

(d) (a) and (b) both

The photo-electrons emitted from a surface of sodium metal are
such that [MP PMT 1992]
(@) They all are of the same frequency

(b)m They have the same kinetic energy

(c)| They have the same de Broglie wavelength

(d) T]'ley have_ their speeds varying from zero to a certain
maximum

A metal surface of work function 1.07 eV is irradiated with ]ight of
wavelength 332 nm. The retarding potential required to stop the

escape of photo-electrons is [MP PMT 1992]
(@) 4.81eV (b) 374 eV
(c) 2.66 eV (d) 107 eV

In a photo cell, the photo-electrons emission takes place
(@) After 10'sec on incident of light rays
(b) After 10°sec on incident of light rays
(c) After 10°sec on incident of light rays
(d) After 10°sec on incident of light rays

When light falls on a metal surface, the maximum kinetic energy of

the emitted photo-electrons depends upon
[MP PMT 1989; MP PET 1992, 93]
(@) The time for which light falls on the metal
(b) Frequency of the incident light
(c) Intensity of the incident light

(d) Velocity of the incident light

illuminated with monochromatic radiation from a [T JEE 1982; MP PMT 19921MP PETH®9dectrons are emitted in the photoelectric effect from a metal

UPSEAT 2001; KCET 2004; ) & K CET 2004; BHU 2004]
(@) 50 watt infrared lamp
(b) 1 watt infrared lamp

surface [MP PET 1992]

(a) On]y if the Frequency of the incident radiation is above a

certain threshold value
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Only if the temperature of the surface is high

—
lg)
~

At a rate that is independent of the nature of the metal

—
[=™
=

With a maximum ve]ocity proportiona] to the frequency of the

incident radiation

The work function of a metal is 4.2 eV its threshold  wavelength

will be [BHU 2003; CPMT 2004]
(a) 4000 A (b) 3500 A
(c) 2955 A (d) 2500 A

The number of photo-electrons emitted per second from a metal

surface increases when
[EAMCET (Med.) 1995; CBSE PMT 1993;
MP PMT 1994, 2002; MH CET 1999; KCET 2003]
(@) The energy of incident photons increases
(b) The frequency of incident light increases
() The wavelength of the incident light increases
(d) The intensity of the incident light increases

The work function of metal is 1 eV. Light of wavelength 3000 Ais
incident on this metal surface. The velocity of emitted photo-

electrons will be [MP PMT 1990]

(@) 10 m/sec (b) 1x10° m/sec

() 1x10* mysec (d) 1x10° msec
The retarding potential for having zero photo-electron current
(@) 1s proportional to the wavelength of incident light

(b) Increases uniformly. with' the lincrease inf the \wayelength jof
incident light

(c) 1s proportional to the frequency of incident light

(d) Increases uniformly with the increase in the frequency of
incident light wave

In a dark room of photography, generally red light is used. The

reason is

(@) Most of the photographic films are not sensitive to red light

(b) The frequency for red light is low and hence the energy hV of
photons is less

(¢) (a) and (b) both

(d) None of the above

The work function of a metal is 1.6><10_19]. When the metal

surface is illuminated by the light of wavelength 6400 A, then the
maximum kinetic energy of emitted photo-electrons will be

(Planck's constant h = 6.4 x 107 Js ) [MP PMT 1989]
(@) 14x107J (b) 2.8x107¥® ]
() 1.4x107) d) 1.4x10ev

Ultraviolet radiations of 6.2€V falls on an aluminium surface

(work function 4.2 eV ). The kinetic energy in joules of the fastest
electron emitted is approximately

[MNR 1987; MP PET 1990; CBSE PMT 1993;

Pb. PMT 2001; BVP 2003; Pb. PET 2004]

@ 3.2x107% (b) 3.2x107%
() 3.2x107Y (d) 3.2x107®

49.

50.

Sl

52.

53.

54.

55.

56.

57.

The work function for tungsten and sodium are 4.5 eV and 2.3 eV
respectively. If the threshold wavelength A for sodium is 5460A ,
the value of A for tungsten is

[MP PET 1990]
(a) 5893 A (b) 10683 A
(c) 2791 4 (d) 528 A
A photon of energy 3.4 eV is incident on a metal having work
function 2 eV. The maximum KE. of photo-electrons is equal to
(@) 14 eV (b) 17 eV
() 54eV (d) 6.8 eV
The work function of a metallic surface is 5.01 eV. The photo—

electrons are emitted when light of wavelength 20004 falls on it.
The potential difference applied to stop the fastest photo-electrons is

[h=4.14x107" eV sec]

[MP PET 1991; DPMT 1999]
(@) 1.2 volts (b) 2.24 volts
(c) 3.6 volts (d)

The photoelectric threshold wavelength for a metal surface is 6600

4.8 volts

A. The work function for this is  [MP PET 1991]

(@) 187V (b) 1.87 eV

() 187 eV (d) 048 eV
Photoelectric effect was successfully explained first by
(@) Planck (b) Hallwash

() (d) Einstein

Hertz

[MP PMT/PET 1988]
Théspectruii of radiation 1.0 x10™ Hz%is in the infrared region.
Thélenergyrof one photon)of thistin joules Willlbée

[MP PET 1982]

(@) 6.62x107*® (b) 6.62x107%
(©) 6'3ﬁx10*28 (d) 3x6.62x107%

A radio transmitter operates at a frequency of 880 kHz and a power

of 10 kW, The number of photons emitted per second are[CBSE PMT 1990; MP P

@) 1.72x10% (b) 1327x10%*

(c) 13.27x10% (d) 0.075x107*

A photo cell is receiving light from a source placed at a distance of 1
m. If the same source is to be placed at a distance of 2 m, then the
ejected electron

[MNR 1986; UPSEAT 2000, 01]
(@) Moves with one-fourth energy as that of the initial energy
(b) Moves with one-fourth of momentum as that of the initial

momentum

(c) Will be half in number
(d) Will be one-fourth in number
In a photoe]ectric experiment for 4000 A incident radiation, the
potential difference to stop the ejection is 2 V. If the incident light is
changed to 3000 A, then the potential required to stop the ejection

of electrons will be
[MP PET 1995]
(b) Less than 2 V

(c) Zero (d) Greater than 2 V
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Light of wavelength 4000 A is incident on a sodium surface for
which the threshold wave ]ength of photo — electrons is 5420 A. The
work function of sodium is

[MP PMT 1993; Pb. PMT 2002]
(b) 2.29eV
(d) 0.57 eV

(@) 4.58 eV

() 114 eV

Photo cell is a device to [MP PET 1993]
(@) Store photons

(b) Measure light intensity

(e
d

Convert photon energy into mechanical energy

)
)

—

Store electrical energy for replacing storage batteries

If the work function for a certain metal is 3.2x107%° Jjoule and it

is illuminated with light of frequency 8x10 Hz The maximum
kinetic energy of the photo—e]ectrons would be

[MP PET 1993]
8.5x107% ]
3.2x107%°J

@ 2.1x107J (b)
(6) 5.3x107%) (d
(h=6.63x107% Js)

Stopping potential for photoelectrons [MP PET 1994]

(@) Does not depend on the frequency of the incident light
(b) Does not depend upon the nature of the cathode material

(c) Depends on both the frequency of the incident light and nature
of the cathode material

(d) Depends upon the intensity of the incident light

The maximum wavelength of radiation that can produce
photoeléctrigi efféetiin @) cerftain nietal s 200 g Thegsmaximum

kinetic energy. acquired by electron due to radiation of wavelength

100 nm will be [MP PMT 1994]
(@) 12.4 eV (b) 62 eV
(c) 100 eV (d) 200 eV

When the light source is kept 20 cm away from a photo cell,
stopping potential 0.6 V is obtained. When source is kept 40 cm

away, the stopping potential will be [MP PMT 1994]

(@) 03V (b) 0.6 V

() 12V d) 24V

The minimum energy required to remove an electron is called[AFMC 1995; DPMT 2001]
(a) Stopping potential (b) Kinetic energy (a
() Work function (d) None of these

Light of wavelength 4000 A falls on a photosensitive metal and a
negative 2 V potential stops the emitted electrons. The work function
of the material (in e) is approximately

(h=6.6x10"Js, e =1.6x107°C, c=3x108ms™)
[MP PMT 1995; MH CET 2004]
(b) 2.0
(d) 3a
Assuming photoemission to take place, the factor by which the

maximum velocity of the emitted photoelectrons changes when the
wavelength of the incident radiation is increased four times, is

(@ m

(c) 22

@ 4 (b)

(c) 2 (d)

N e
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Work function of a metal is 2.51 eV. Its threshold frequency is

(@) 5.9x10™ cyclessec (b) 6.5x10™ cyclessec

(©) 9.4 x10" cyclessec (d) 6.08x10™ cyclessec
Energy conversion in a photoelectric cell takes place from

[AFMC 1993; MP PET 1996; MP PMT 1996]
(@) Chemical to electrical (b) Magnetic to electrical

(c) Optical to electrical (d) Mechanical to electrical

Which one of the following is true in photoelectric emission
[MP PMT 1996; JIPMER 2001, 02]
(@) Photoelectric current is directly proportional to the amplitude
of light of a given frequency
(b) Photoelectric current is directly proportional to the intensity of
Iight of a given ﬁ'equency at moderate intensities

(c) Above the threshold frequency, the maximum KE. of
photoelectrons is inverse]y proportiona] to the ﬁ'equency of
incident light

(d) The threshold Frequency depends upon the wave]ength of
incident light

When a point source of light is at a distance of one metre from a
photo cell, the cut off voltage is found to be V. If the same source is
placed at 2 m distance from photo cell, the cut off voltage will be

@ Vv b) V2
© Va @ VI2

The work function of a photoelectric material is 3.3 eV, The

threshold frequency will be equal to  [UPSEAT 1999]
(@) 8x10*Hz (b) 8x10%Hz
()" 8x10™ Hz d) 8x10™Hz
If the work| functiof of a fetal i8 '¢' and the frequency of the

incidentilight is V', there is no.emission of photoelectron if

(@) ve? (b) y=2

h h
(4 2
() v>h (d) v>_<h

A photoelectric cell is illuminated by a point source of light 1 m
away. When the source is shifted to 2 m then

[CBSE PMT 2003]
Number of electrons emitted is half the initial number
(b) Each emitted electron carries half the initial energy
() Number of electrons emitted is a quarter of the initial number
(d) Each emitted electron carries one quarter of the initial energy
Light of wavelength A strikes a photo-sensitive surface and electrons
are ejected with kinetic energy E. If the kinetic energy is to be

increased to 2E; the wavelength must be changed to 1' where

(a) i‘z% (b) A'=22
(c) %<ﬂ‘</1 d) A>2

Ifina }Lﬁ?)%aquc HE ]egaase]riment, the wavelength of incident radiation
is reduced from 6000 A to 4000 A then

[MP PMT 1999]
(a) Stopping potential will decrease

(b) Stopping potential will increase
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(c) Kinetic energy of emitted electrons will decrease
(d) The value of work function will decrease
The photoelectric work function for a metal surface is 4125 eV. The
cut-off wavelength for this surface is
[CBSE PMT 1999; KCET 2001]
(a) 4125 A (b) 20625 A
(¢) 3000 A (d) 6000 A
As the intensity of incident light increases
[CPMT 1999; CBSE PMT 1999; MH CET (Med.) 2000;
KCET (Engg./Med.) 2001; Pb. PET 2001]
(@) Photoelectric current increases
(b) Photoelectric current decreases
(c) Kinetic energy of emitted photoelectrons increases
(

d) Kinetic energy of emitted photoelectrons decreases

Light of wavelength 5000 A falls on a sensitive plate with
photoelectric work function of 1.9 eV. The kinetic energy of the
photoelectron emitted will be [CBSE PMT 1998]

(@) 058 eV (b) 2.48 eV
() 124 eV (d) 116 eV

Which of the following is dependent on the intensity of incident
radiation in a photoelectric experiment

[ANIMS 1998]
(@) Work function of the surface
(b) Amount of photoelectric current
(c) Stopping potential will be reduced
(d) Maximum kinetic energy of photoelectrons

The work function of a substance is 4.0/ eV. The longest'wavelength
of light that can cause/photoelectron emission from this substance!is

approximately

[NT JEE 1998; UPSEAT 2002, 03; AIEEE 2004]
(@) 540 nm (b) 400 nm
(c) 310 nm (d) 220 nm

The maximum kinetic energy of photoelectrons emitted from a
surface when photons of energy 6 eV fall on it is 4 eV. The stopping
potential in volts is

[T JEE 1997 Re-Exam]
@ 2 (b) 4
() 6 (d) 10
Work function of a metal is 2.1 eV. Which of the waves of the
following wavelengths will be able to emit photoelectrons from its
[Bihar MEE 1995]
(a) 4000 A, 7500 A (b) 5500 A, 6000 A
(c) 4000 A, 6000 A (d)
1f mean wavelength of light radiated by 100 W lamp is 5000 A, then
number of photons radiated per second are

surface

None of these

[RPET 1997]
(@) 3x10% (b) 2.5x10%

() 2.5x10% d) 5x10Y

The frequency of the incident light falling on a photosensitive metal
plate is doubled, the kinetic energy of the emitted photoelectrons is
(@) Double the earlier value (b) Unchanged

() More than doubled (d) Less than doubled

When ]ight of wave]ength 300 nm (nanometer) falls on a

photoelectric emitter, photoelectrons are liberated. For another
emitter, however light of 600 nm wave]ength is sufficient for

86.

87.

88.

89.

90.

92.

93.

creating photoemission. What is the ratio of the work functions of
the two emitters

[CBSE PMT 1993; JIPMER 2000]
(@ 1:2 (b) 2
() 4 d) 1:4
Threshold wave]ength for photoe]ectric effect on sodium is 5000 A.

Its work function is [CBSE PMT 1993]

@ 15/ (b) 16x107%J
() 4x107°) d) 4x107%J
The cathode of a photoelectric cell is changed such that the work
function changes from W to W (W-W). If the current before and
after change are / and /, all other conditions remaining unchanged,
then (assuming Av > W)

[CBSE PMT 1992]

@ hL=1I (b)
(0 >0 (d)

A beam of Iight of wave]ength A and with illumination L falls on a

L <1,

I, <1, <2l

clean surface of sodium. If A photoelectrons are emitted each with

kinetic energy E, then [BHU 1994]

(@ NocLand ExL (b) NocLand EOC%
1 1

(€0 Nocdand ExcL (d) Noc;and EOCI

Which of the following statements is correct
[CBSE PMT 1997]

(a)! The current infa photocell inereases with increasing frequency

of light

()™ The"photocurrent’is propértional to applied voltage

(c) The photocurrent increases with increasing intensity of
light

(d) The stopping potential increases with increasing intensity of
incident light

What is the stopping potential when the metal with work function
0.6 eVis illuminated with the light of 2 eV

[BHU 1998; MH CET 2003]
(@) 26V (b) 36V
() 08V d) 14V
When ye"ow ]ight is incident on a surface, no electrons are emitted

while green ]ight can emit. If red Iight is incident on the surface,
then

[MNR 1998; MP PET 2000; MH CET 2000]
(@) No electrons are emitted
(b) Photons are emitted
(c) Electrons of higher energy are emitted
(d) Electrons of lower energy are emitted

The photoelectric threshold wavelength of a certain metal is 3000A.
If the radiation of 2000A is incident on the metal

[MNR 1998; KCET 1994]
a) Electrons will be emitted

(

(b) Positrons will be emitted
[Roorkee l?%z]

(c) Protons will be emitted

(d) Electrons will not be emitted

A photocell stops emission if it is maintained at 2V negative
potential. The energy of most energetic photoelectron is

[JIPMER 1999]
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(a) zeV
(c) 24

The work functions for sodium and copper are 2eV and 4eV.
Which of them is suitable for a photocell with 4000 A light

(@) Copper (b) Sodium
(c) Both (d) Neither of them
For intensity / of a light of wavelength 5000A the photoelectron

(b) 2/
(d) 2keV

saturation current is 0.40 £ A and stopping potential is 1.36 V, the
work function of metal is

[RPET 1999]
(@) 247 eV
() 110 eV

(b) 136 eV
(d) 043 eV
The work function of aluminium is 4.2 €V. If two photons, each of

energy 3.5 €V strike an electron of aluminium, then emission of

electrons will be [AFMC 1999]
(@) Possible

(b) Not possible

(c) Data is incomplete

(d) Depend upon the density of the surface

In photoelectric effect if the intensity of light is doubled then
maximum kinetic energy of photoelectrons will become

[RPMT 1999]
(@) Double (b) Half
(c) Four time (d) No change

Energy required to remove an electron from aluminium surface is
42 eV. If ]ight of wave]ength 2000 A falls on the surface; the
velocity_of the fastest electron ejected from the surface will be

(a) 8.4x10°m/sec (b)\ 7.4 x10°m/sec

(c) 6.4x10°m/sec (d) 8.4x10°m/sec

Mercury violet light (4 =4558A) is falling on a photosensitive
material (¢:2.56V). The speed of the ejected electrons is in

ms ™, about [AMU (Engg.) 1999]
@) 3x10° (b) 2.65x10°
() 4x10* (d) 3.65x10’

The work functions of metals A and B are in the ratio 1 : 2. If light
of frequencies f and 2f are incident on the surfaces of A and B

respectively, the ratio of the maximum kinetic energies of
photoe]ectrons emitted is (fis greater than threshold Frequency of A
2fis greater than threshold frequency of B)

(@ 1: (b) 1:2

() 1:3 (d) 1:4

Light of frequency V is incident on a substance of threshold
frequency V(V < V). The energy of the emitted photo-electron will be
(@ h(v—vy) (b) hlv

() he(v-vp) (d) hlv,

The stopping potential (V) [BHU 2000]

(a) Depends upon the angle of incident light

(b) Depends upon the intensity of incident light

(c) Depends upon the surface nature of the substance
(

d) s independent of the intensity of the incident light

103.

104.

105.

106.

107.

108.

109.

no.

nz.

If work function of metal is 38V  then threshold wavelength will be
[RPMT 2000]

(b) 4000 A
(d) 5000 A

(a) a5 A
(¢) 4500 A [RPET 1999]
When wavelength of incident photon is decreased then

[RPET 2000]
(@) Velocity of emitted photo-electron decreases
(b) Velocity of emitted photoelectron increases
(c) Velocity of photoelectron do not charge
(d) Photo electric current increases

Quantam nature of light is explained by which of the following
phenomenon [RPET 2000]
(@) Huygen wave theory

(b) Photoelectric effect

() Maxwell electromagnetic theory

(d) de-Broglie theory

When a metal surface is illuminated by light of wavelengths 400 nm
and 250 nm, the maximum velocities of the photoe]ectrons ejected
are V and 2V respectively. The work function of the metal is (4 =
Planck’s constant, c = velocity of light in air)

@ 2hcx10°J (b) 1.5hcx10°%J

() hcx10°®J (d) 0.5hcx10%J

4 eVis the energy of the incident photon and the work function in
2eV. What is the stopping potential
[DCE 2000; AlIMS 2004]

[AMU 1999]
(a) 2¥ (b) av
(o)) 6% (d) w2N2V

Light of frequency V is incident on a certain photoelectric substance

with threshold frequency v. The work function for the substance is

@ Av (b) Av

(© h(v-v,) (d) h(v+vo)

If threshold wavelength for sodium is 6800A then the work function
will be [RPET 2001]
(a) 1.8eV (b) 2.5eV

() 2.1eV (d) 1.4eV

If intensity of incident light is increased in PEE then which of the
following is true [RPET 2001]

(@) Maximum KE. of ejected electron will increase
(b) WHEAMGETOAed)1292Rlain unchanged
(c) Stopping potential will decrease

(d) Maximum KE. of ejected electron will decrease

Light of frequency 8 x10® Hz is incident on a substance of
photoelMR-RETAZA90; A3dction 6.125€V. The maximum kinetic
energy of the emitted photoelectrons is [AFMC 2001]
(a) 17eV (b) 22eV

(c) 27eV (d) 37eV

The photoelectric threshold wavelength for potassium
function being 2eV ) is [CPMT 2001]
(@) 310 nm (b)
(d) 2100 nm

(work

620 nm
(c) 1200 nm
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Photons of energy 6 eV are incident on a metal surface whose work
function is 4 eV. The minimum kinetic energy of the emitted photo—

electrons will be [MP PET 2001]
(@) oeV (b) 1ev
() 2eV (d) 10 eV

According to photon theory of light which of the following physical
quantities associated with a photon do not/does not change as it
collides with an electron in vacuum

[AMU (Engg.) 2001]

(@) Energy and momentum (b) Speed and momentum
(c) Speed only (d) Energy only
The lowest frequency of light that will cause the emission of

photoelectrons from the surface of a metal (for which work function

is 1.65 eV) will be [JIPMER 2002]
@) 4x10YHz (b) 4x10"Hz
() 4x10%Hz (d) 4x1070Hz

Light of two different Frequencies whose photons have energies
1eV and 2.5eV respectively, successively illuminates a metal of

work function 0.5€V . The ratio of maximum kinetic energy of the
emitted electron will be

[AIEEE 2002]
(b) 1:4
(d) 1:1
Sodium and copper have work functions 2.3eV and 4.5eV
respectively. Then the ratio of their threshold wavelengths is nearest

to [ATEEE 2002]
(@) 12 (b) 4:
() 2 d) 1:4

Photon'of 5.5 e}/ energy fall ‘on the sufface offthetmetal emitting
photoelectrons of maximum kinetic|energy 4.0V The stopping
voltage required for these electrons are

[Orissa (Engg.) 2002; DPMT 2004]
(b) 15V
(d) 40V

@ 55V
(c) 95V

A caesium photocell, with a steady potential difference of 60V
across, is illuminated by a bright point source of light 50 cm away.
When the same Iight is p]aced 1m away the photoe]ectrons emitted
from the cell [KCET 2002]

(@) Are one quarter as numerous
(b)
(c) Each carry one quarter of their previous momentum
(d)

A radio transmitter radiates 1 AW power at a wave]ength 198.6
metres. How many photons does it emit per second

Are ha]f as numerous

Each carry one quarter of their previous energy

[Kerala (Engg.) 2002]

@ 10% (b) 10%

() 10%® d) 107

The number of photons of wavelength 540 nm emitted per second

by an electric bulb of power 100 W'is (taking /= 6 x107* J - sec )
[Kerala (Engg.) 2002; Pb. PET 2001]

(a) 100 (b) 1000

() 3x10%® (d) 3x10%
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When radiation is incident on a photoelectron emitter, the stopping
potentia] is found to be 9 volts. If e/m for the electron is

1.8x10™ Ckg™ the maximum velocity of the ejected electrons is
[Kerala (Engg.) 2002]

(@) 6x10°ms™ (b) 8x10°ms™

(c) 1.8x10°ms™ (d) 1.8x10°ms™

Two identical metal p]ates show photoe]ectric effect by a Iight of
wavelength A, falls on plate A and Ag on plate B (1, =243).

The maximum kinetic energy is  [CPMT 2002]
(@) 2K, =Kg (b) Ky<Kg/2
() Kp=2Kg d) Ky=Kg/2

The threshold wavelength for photoelectric effect of a metal is 6500
A. The work function of the metal is approximately

[MP PMT 2002]
(@) 2zeV
() 01eV

(b) 1€V
(d) 3eV

When ultraviolet rays are incident on metal plate, then photoelectric
effect does not occurs. It occurs by the incidence of [CBSE PMT 2002; DCE 1997;

(b) Radio wave
(d) Green house effect

(@) AX-rays
(c) Infrared rays

Light of frequency 4V is incident on the metal of the threshold
frequency V. The maximum kinetic energy of the emitted

photoelectrons is [MP PET 2002]

(@a)m 3hv, (b) 2hy,

3 1

—hv d) =hv
(c) 2 0 C) 21
By photoelectric effect, Einstein, proved [MP PET 2003]
@@ E=hv (b) K.E.:%mvz

2
(¢ E=mc? d) E= hac
n

The work function of sodium is 2.3 eV. The threshold wavelength of
sodium will be [BHU 2003]
(a) 2900 A (b) 2500 A
(¢) 5380 A (d) 2000 A

Which of the following shown particle nature of light

[AFMC 2003; CBSE PMT 2001]
(@) Refraction
(c) Polarization (d)

(b) Interference

Photoelectric effect

Two identical photo-cathodes receive light of frequencies f; and
f, . I the velocities of the photo electrons (of mass M ) coming out

are respectively V; and V, , then [AIEEE 2003]

2h 1z 2h
(@ Vvi—V, =|:F(f1 - fz):| (b) Vi-v5 :H(fl_fZ)

1/2
© v1+vz={%h(fl+fz)} @ virui =21
m

Consider the two following statements A and B and identify the
correct choice given in the answers;
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(A) In photovlotaic cells the photoelectric current produced is not
proportional to the, intensity of incident light.

(B) 1In gas filled photoemissive cells, the velocity of photoelectrons
depends on the wavelength of the incident radiation.

(@) Both A and Bare true (b) Both A and B are false

(c) Ais true but Bis false (d) Ais false Bis true

When radiation of wavelength A is incident on a metallic surface,
the stopping potentia] is 4.8 volts. If the same surface is illuminated

with radiation of double the wavelength, then the stopping potential
becomes 1.6 volts. Then the threshold wavelength for the surface is

[EAMCET (Engg.) 2003]
(@) 24 (b) 44
(c) 64 (d 84
The frequency and work function of an incident photon are v and

@, . If v is the threshold frequency then necessary condition for the

emission of photo electron is [RPET 2003]
V
@ v<v, b) v=-2L
2
() v=v, (d) None of these

Light of wavelength 1824 A, incident on the surface of a metal,
produces photo-electrons with maximum energy 5.3 eV. When light
of wavelength 1216 A is used, the maximum energy of photoelectrons
is 8.7 eV. The work function of the metal surface is

(@) 35eV (b) 13.6 eV

(c) 6.8eV (d) 15 eV

If the energy of a photon corresponding to a wavelength of 6000 A
is 3.32x107% ) , the photon energy for a wavelength of 4000 A

will be [DPMT 2004]
(@) 14eV (b), 49 eV
() 31eV (d)1 16 eV

If the wavelength of light is 4000 A, then the number of Waves in 1
mm length will be [J & K CET 2004]

(@) 25 (b) 0.25
(¢) 0.25x10* (d 25x10*
The ve]ocity of photon is proportiona] to (where Vis frequency)

2
v

2
© v (d)
If the work function of a photometal is 6.825 eV. lts threshold
wavelength will be (C =3 %108 m /s)

@ (b)

< §||'_‘

[Pb. PET 2000; BHU 2004]
(a) 1200 A (b) 1800 A
(c) 2400 A (d) 3600 A
A photon of energy 8 eV'is incident on a metal surface of threshold
frequency 1.6x10% Hz, then the maximum kinetic energy of

photoelectrons emitted is (h = 6.6 %107 Js)
(@) 4.8 eV (b) 2.4 eV
() 14 eV (d) o08eV

If the energy of the photon is increased by a factor of 4, then its
momentum [UPSEAT 2004]

(a) Does not change

(b) Decreases by a factor of 4
(c) Increases by a factor of 4
(d) Decreases by a factor of 2
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The ratio of the energy of a photon with 4 =150nm to that with

A=300nm is [DCE 2003]
(a) 2 [EAMCET (Engg)2003]  (b) 14
() 4 (d) 12
Photo-electric effect can be explained by [DCE 2003]

(b) Wave nature of light
(d) Quantum theory of light

(@) Corpusular theory of light
(c) Bohr's theory

In photoelectric effect, the KE. of electrons emitted from the metal
surface depends upon [DCE 2003]

(@) Intensity of light
(b) Frequency of incident light
(c) Velocity of incident light
(d) Both intensity and velocity of light
The photoelectric effect can be understood on the basis of
[Pb. PET 2004]
(@) The principle of superposition
(b) The electromagnetic theory of light
(c) The special theory of relativity
(d) Line spectrum of the atom

If the threshold waveiength for sodium is 5420 AD, then the work
function of sodium is [RPMT 2003]

@)
(©)

The work function of a metal is

(b) 228 eV
(d) o0.23 eV
[RPMT 2004]

4.58 eV
MP PMT 200.
l.lzi eV 4]

(@) The energy for the electron to enter into the metal

(b) The energy for producing X-ray

(c)m The energy for the electron to come out from metal surface
(d)[' None'of these

The minimum wavelength of photon is 5000 A its energy will be

(@)~ 2.5%eV (b) “50"V

(¢) 548 eV (d) 748 eV

Which of one is correct [DCE 1998]
() E=p’c’ (b) E*=p’c

b. PMT 2004]
(©) Eg)z pc? (d) E?=p?/c?
The work function for metals A, B and C are respectively 1.92 eV,
2.0 eVand 5 eV. According to Einstein’s equation, the metals which
will emit photo electrons for a radiation of wavelength 4100 A is/are[CBSE PMT

(@) None of these (b)
() Aand Bonly (d) Al the three metals

A only

A photosensitive metallic surface has work function hVO f photons

of energy 2hv, fall on this surface the electrons come out with a

maximum velocity of 4x10° M /S. When the photon energy is

increases to 5hv,, then maximum velocity of photo electron will be[CBSE PMT

@ 2ipd Befhs (b)
() 8x10°m/s (d)

2x10'm/s

8x10°m/s

A photocell is illuminated by a small bright source placed 1 m away.
1
When the same source of Iight is p]aced E m away, the number of

electrons emitted by photo cathode wouid[CBSE PMT 2001; AIEEE 2005]
(@) Decrease by a factor of 2 (b) Increase by a factor of 2
(c) Decrease by a factor of 4 (d) Increase by a factor of 4

The magnitude of saturation photoelectric current depends upon[AFMC 2005]
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(@) Frequency (b) Intensity
(¢) Work function

For photoelectric emission, tungsten requires light of 2300 A. If light
of 1800 A wavelength is incident then emission

(d) Stopping potential

[AFMC 2005]
(a) Takes place
(b) Don'’t take place
(c) May or may not take place
(d) Depends on frequency
The light rays having photons of energy 1.8 eV are falling on a metal
surface having a work function 1.2 eV. What is the stopping potential
to be applied to stop the emitting electrons
(@) 3eV (b) 12 eV
() 0.6eV d) 14 ev
The incident photon involved in the photoelectric effect experiment.
(@) Completely disappears
(b) Comes out with an increased frequency
(c) Comes out with a decreased frequency
(d) Comes out without change in frequency
A photon of energy 8 eV is incident on metal surface of threshold
frequency 1.6 x10"® Hz. The maximum kinetic energy of the

photoelectrons emitted (in el) (Take h =6 %1073 Js).

(@) 1.6 (b) 6
(c) 2 (d) 12
X-Rays

An X-ray tube is operated at 50 V. The minimum wave]ength

produced is [CPMT 1996 ]
(a) 05A () 075 A
(¢) 025A (d) WA

Which of the following wavelength falls in X-ray region

[CPMT 1975; MP PMT 1984]
(a) 10000 A (b) 1000 A
(c) 1A (d) 10 A
A metal block is exposed to beams of X-ray of different wavelength.
X-rays of which wavelength penetrate most

[NCERT 1980; JIPMER 2002]
(@) 2 A (b) 4 A
() 6A (d) 8A
Xrays and gamma rays are both electromagnetic waves. Which of
the following statements is true  [NCERT 1973]
(@) In general Xrays have larger wavelength than of gamma rays
(b) X-rays have smaller wavelength than that of gamma rays
(c) Gamma rays have smaller frequency than that of X-rays
(d) Wavelength and frequency of X-rays are both larger than that

of gamma rays

In producing X-rays a beam of electrons accelerated by a potential
difference V'is made to strike a metal target. For what value of V, X-
rays will have the lowest wavelength of 0.3094 A

(@) 10 kV (b) 20 kV
(¢) 30 kV (d) 40 kv
In radio theraphy, X-rays are used to
[CPMT 1972; BHU 2005]
(@) Detect bone fractures
(b) Treat cancer by controlled exposure

(c) Detect heart diseases

4.

[CPMT 1982; NCERT 1986, 87]

15.

(d) Detect fault in radio receiving circuits
Hydrogen atom does not emit X-rays because
[NCERT 1979; CPMT 1980, 90; RPET 1999]

(@) Tts energy levels are too close to each other
(b) 1lts energy levels are too apart
(c) 1t is too small in size
(d) 1t has a single electron

T

X-rays were discovered by

@)

() Marie Curie
[BHU 2005]
X-rays are

[NCERT 1977; BHU 2005]
a) Becquerel (b) Roentgen

(d) Von Laue

[CPMT 1975; EAMCET 1995; RPET 2000; SCRA 1994]
C) S s
(b) Stream of positively charged particles
(c) Electromagnetic radiations of high frequency
(d) Stream of uncharged particles
The voltage applied across an X-rays tube is nearly
[CPMT 1983]
(@ 10V (b) 100 V
(c) 10{ae. PET 2005] d) 1wV
The characteristic X-ray radiation is emitted, when
[CPMT 1975, 80, 90; RPET 1999]
(@) The electrons are accelerated to a fixed energy

(b) The source of electrons emits a monoenergetic beam

(¢) ., The bombarding electrons knock out electrons from the inner
shell off the target atoms and one of the outer electrons falls
into this vacandy

(d) The valence _electronsyin the target atoms are removed as a
result of the collision

Molybdenum is used as a target element for production of Xrays
because it is [CPMT 1980; RPET 1999]
(@) A heavy element and can easily absorb high velocity electrons
(b) A heavy element with a high melting point
(c) An element having high thermal conductivity
(d) Heavy and can easily deflect electrons
Mosley's law relates the frequencies of line X-rays
with the following characteristics of the target element

[CPMT 1980; NCERT 1985]
(@) 1lts density
(b) 1lts atomic weight
(c) 1lts atomic number
(

c
d) Interplaner spacing of the atomic planes

Compton effect is associated with [CPMT 1971]
(@) a—rays (b) p—rays
(c) X-rays (d) Positive rays

X-rays are in nature similar to
(@) Beta rays (b) Gamma rays
(d) Cathode rays

If the cathode—anode potential difference in an X-ray tube be 10 V,
then the maximum energy of X-ray photon can be

(@ 10/ (b) 10 MeV
(c) 10 MeV (d) 10 KeV

(c) de-Broglie waves
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The shortest wavelength of X-rays emitted from an X-ray tube
depends on the

[MP PMT 1987; CPMT 1988, 92; IIT 1982]

27.
(@) Current in the tube
(b) Voltage applied to the tube
(c) Nature of gas in the tube
(d) Atomic number of target material
The wavelength of X-rays is of the order of
[CPMT 1983; MP PMT 1987; KCET 1994; JIPMER 1997]
(@) Centimetre (b) Micron (10 m) 28.
(c) Angstrom (10- m) (d) Metre
X — rays and y — rays of the same energies may be distinguished by
(@) Their velocity (b) Their ionising power
(c) Their intensity (d) Method of production
When a beam of accelerated electrons hits a target, a continuous X-
ray spectrum is emitted from the target. Which of the following
wavelength is absent in the X-ray spectrum, if the X-ray tube is
operating at 40,000 volts 29.
[MP PMT 1993; NCERT 1984; MNR 1995; RPMT 2002]
(a) 025A (b) o0s5A
(¢) 15A (d) 10A
30.
For continuous X-rays produced wavelength is
(@) Inversely proportional to the energy of the electrons hitting the
target
(b) Inversely proportional to the intensity of the electron beam 3
(c) Proportional to intensity of the electron beam
(d) Proportional to'target temperature
An X-ray has a wavelength of 0.010 A. lts momentum is
[AFMC 1980; RPMT 1995; Pb. PMT 2004]
(@) 2126 x10° kg-m/sec (b) 6.626 X 10" kg-m/sec
(c) 3.456 x 20" kg-m/sec (d) 3.313 x10- kg-m/sec 32.
X-rays are not used for radar purpose because
(@) They are not reflected by the target
(b) They are not electromagnetic waves
(c) They are completely absorbed by the air
(d) They sometimes damage the target
A direct X-ray photograph of the intestines is not generally taken by 33-
the radio]ogists because [CPMT 1986, 88]
(@) Intestines would burst on exposure to X-rays
(b) The X-rays would not pass through the intestines
(c) The X-rays will pass through the intestines without causing a 34.
good shadow for any useful diagnosis
(d) A very small exposure of X-rays causes cancer in the intestines
The patient is asked to drink BaSO4 for examining the stomach by
X-rays because X-rays are
(@) Reflected by heavy atoms
(b) Refracted by heavy atoms
(c) Less absorbed by heavy atoms
35.

(d) More absorbed by heavy atoms

X-rays can be used to study crystal structure, if the wave]ength lies
in the range

il

(@) 2Ato01A (b) 10Atos5A
() 50Ato10A (d)

When the acce]erating voltage app]ied on the electrons increased
beyond a critical value [CPMT 1975]

100 A to 50 A

(@) Only the intensity of the various wavelengths is increased
(b) Only the wavelength of characteristic relation is affected

() The spectrum of white radiation is unaffected
(

d) The intensities of characteristic lines relative to the white
spectrum are increased but there is no change in their
wavelength

The X-ray beam coming from an X-ray tube will be
[T 1985; SCRA 1996; MP PET 1999]
(a) MESRMT- 985t

(b) Having all wavelengths smaller than a certain maximum
wavelength

() Having all wavelengths larger than a certain minimum
wave]ength

(d) Having all wavelengths lying between a minimum and a
maximum wavelength

The continuous X-rays spectrum produced by an X-ray machine at
constant Vo]tage has [DPMT 1999]
(@) A maximum wavelength (b) A minimum wavelength
(c) A single wavelength (d) A minimum frequency
The penetrating power of X-rays increases with the

[MP PMT 1984]
(@) Increase in its velocity (b) Increase in its frequency
(c) Increase in its intensity (d) Decrease in its velocity
If 4, andwA, are thewavelengths of characteristic X-rays and
gamma rays respectively, then the relation between them is
@) %:i. b) =4

]"2

© A>4 ()
The wavelength A of the K

varies with atomic number approximately

b <2

» line of characteristic Xray spectra

[MP PMT 1987]

@ AecZ b) AxcAZ
1 1
@ Ax—z C) AmV?

The minimum frequency v of continuous X-rays is related to the
applied potential difference Vas

@ vedv ()
(€ vocV3? d) vav?

If V be the accelerating voltage, then the maximum frequency of
continuous X-rays is given by

vV

[NCERT 1971; CPMT 1991;
MP PET 2000; RPMT 2001; MP PMT 2002]

eh hv
(@) v (b) -

eV h
(c) Y (d) v

The minimum wavelength of Xrays produced by electrons
accelerated by a potentia] difference of volts is equal to

[CPMT 1986, 88, 91; RPMT 1997; RPMT 1997, 98;
MP PET 1997, 98; MP PMT 1996, 98, 2003; UPSEAT 2005]



[—
eV eh
a) — b) —
@) e (b) v
hc cVv
c) — d) —
(o) oV (d) oh
36.  The potential difference applied to an X-ray tube is increased. As a

37.

38.

39.

40.

41

42,

43.

45.

result, in the emitted radiation
[NT 1988; 1ISM Dhanbad 1994;
AIIMS 1997; MP PMT 1995, 2004]
(a
(b
(

=

The intensity increases

The minimum wave]ength increases

=

c
d

A potential difference of 42,000 volts is used in an Xray tube to
accelerate electrons. The maximum frequency of the X-radiations

The intensity decreases

—
= 2

The minimum wavelength decreases

produced is [MP PMT 1993]
(@) 10" Hz (b) 10" Hz
() 10% Hz (d) 10% Hz

(leV =1.6x107°J and h=6.63x10"*J —sec)

Which of the following is accompanied by the characteristic X-ray
[MP PET 1993]

emission
(@) o —particle emission (b) Electron emission
(c) Positron emission (d) K-electron capture

X-rays are known to be electromagnetic radiations. Therefore the X-
ray photon has [MP PET 1993]

(@) Electric charge
(b) Magnetic moment
(c) Both electri¢ chargeland magnetic moment
(d) Neither electricicharge nor magnetic moment
Xrays of which of the following wavelengths are hardest
(@) 4A (b) 1A
(¢) o1A d) 2A
X-ray beam can be deflected by
[CPMT 2000; BHU 2001; Pb. PMT 2002]
(@) Magnetic field (b) Electric field
(c) Both (a) and (b) (d)

X-rays are produced due to

None of these

[CPMT 1985; JIPMER 2002]
(@) Break up of molecules
(b) Changing in atomic energy level
(c) Changing in nuclear energy level
(d) Radioactive disintegration
X-rays region lies between [CPMT 1990]
(@) Short radiowave and visible region
(b) Visible and ultraviolet region
(c) Gamma rays and ultraviolet region
(d) Short radiowave and long radiowave
The structure of solid crystals is investigated by using

[CPMT 1992; NCERT 1975; CBSEPMT 1992]

(@) Cosmic rays (b)
(c) Infrared radiations (d)

X-rays
¥y — rays

In an X-rays tube, the intensity of the emitted X-rays beam is
increased by [MNR 1992; RPMT 1996; UPSEAT 2000]

(@) Increasing the filament current

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

1410 Electron, Photon, Photoelectric Effect and X-Rays

(b) Decreasing the filament current

(c) Increasing the target potential

(d) Decreasing the target potential

The binding energy of the innermost electron in tungsten is 40 keV.
To produce characteristic X-rays using a tungsten target in an X-rays

tube the potentia] difference V between the cathode and the anti-
cathode should be [T 1985]

(@) V<40 kv (b) V < 40 kV
() V>40 kv (d) V>/<40 kv
In above question the energy of the characteristic X-rays given out is

(@) Less than 40 keV (b) More than 40 keV

(c) Equal to 40 keV (d) =40 keV
The wavelength of most energetic X-rays emitted when a metal

target is bombarded by 40KeV electrons, is approximately

(h=6.62x10" JsecieV=1.6x107""° }c= 3x108m/5s)
[MNR 1991; MP PMT 1999; UPSEAT 2000; Pb. PET 2004]
(a) 300 A (b) 1A
() aA (d) o031A
X-rays which can penetrate through longer distances in substance
are called [EAMCET 1983]
(@) Soft X-rays (b) Continuous X-rays
() Hard X-rays (d) None of the above
An X-ray machine has an accelerating potential difference of 25,000
volts. By calculation the shortest wavelength will be obtained as
(h=6.62x10"* J-sec; e = 1.6 x10™ coulomb)
[MP PET 1994]
(a) 0.25A (b) 0.50A
(c) 100 A (d) 2.50 A
For the production| of Xarays of wavelength 0.1 A the minimum
potential difference will be
[MP PMT 1994; RPMT 1995]
(@) 12.4 kv (b) 24.8 kV
(c) 124 kV (d) 248 kv
Mos]ey measured the Frequency (f) of the characteristic X-rays from
many metals of different atomic number (Z) and represented his
results by a relation known as Mosley's law. This law is (a, b are

constants) [MP PMT 1994; RPMT 1996]
@ f=aZ-b)y (b) Z=a(f-h)?
© f2=a@Z-b) @) f=aZ-h)'?

Penetrating power of X-rays depends on [MP PMT 1994]
(@) Current flowing in the filament

(b) Applied potential difference

(c) Nature of the target

(d) Al the above

The energy of a photon of characteristic X-rays from
[MP PET 1995]
(@) The kinetic energy of the striking electron

a Coolidge

tube comes from

(b) The kinetic energy of the free electrons of the target
(c) The kinetic energy of the ions of the target
(d) An electronic transition of the target atom
An X-ray tube operates on 30 kV. What is the minimum wave]ength
emitted
(h=6.6x10"*Js, e =1.6 x10™ Coulomb, ¢ = 3x10° ms)
[MP PMT 1995; DPMT 2001, 03]

(a) 033 A (b) 04A
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(¢) 12A (d) 6.6A

The wavelength of the most energetic X-ray emitted when a metal
target is bombarded by 100 KeV' electrons is approximately

(@) 12A (b) 4

(c) 031A (d) o024 A

An electron beam in an X-ray tube is accelerated through a potential

difference of 50000 volts. These are then made to fall on a tungsten
target. The shortest wavelength of the X-ray emitted by the tube is
(@) 25A (b) 025 nm
() 0.25 cm (d) 0.025 nm
For harder X-rays [MP PET 1997]
(@) The wavelength is higher
(b) The intensity is higher
(c) The frequency is higher
(d) The photon energy is lower
When cathode rays strike a metal target of high melting point with
very high velocity, then

[MP PMT 1997; AIMS 1999]
(@) X-ays are produced
(b) Ealpha-rays are produced

—

c) TV waves are produced
(d) Ultrasonic waves are produced

Penetrating power of X-rays can be increased by
[MP PMT 1997, 2000]

Increasing the potential difference between anode and cathode

Lo

Decreasing the potential difference between anode and cathode

Increasing the cathode filament current

~ e~ =~
o, n
~— ~—

Decreasing the cathode filament current

K, characteristic X-ray refers to the transition

[MP PMT 1999]
(@ n=2ton=1 (). n=3 to N=2
(¢ Nn=3ton=1 (d n=4 ton=2

X-rays are produced in X-ray tube operating at a given accelerating
voltage. The wavelength of the continuous X-rays has values from

(@) O0to o
(b)  Anpin tooo, where A, >0
() 0 to Ay, where A, <o

(d) ﬂmin to j'ma)( » where 0 < ;“min < lmax <o
The wave]ength of X-rays is [EAMCET (Med.) 1995]
(a) 2000 A (b) 2A

(d) 1em

The ratio of the energy of an X—ray photon of wave]ength 1A to that
of visible light of wavelength 5000 A is

() 1mm

[EAMCET (Med.) 1995]
(b) 5000 :1
(d) 25 x10
According to Mosley's law, the frequency of a spectral line in X-ray
spectrum varies as

(@) 15000
(c) 1:25 x10°

[EAMCET (Med.) 1995; Pb. PMT 1999]
(@) Atomic number of the element
(b) Square of the atomic number of the element
(c) Square root of the atomic number of the element
(d) Fourth power of the atomic number of the element
For the structural analysis of crystals, X-rays are used because

(@) X-rays have wavelength of the order of interatomic spacing

(b) X-rays are highly penetrating radiations

67.

68.

69.

70.

7.

72.

73.

74.

() Wavelength of X-rays is of the order of nuclear size
(d) X-rays are coherent radiations
[MP PET 1996]
The essential distinction between X-rays and y — rays is that
[BHU 1994; RPMT 1991; JIPMER 2001, 02]
(@) y — rays have smaller wavelength than X-rays
(b) y[MPHETRiswhte from nucleus while X-rays emanate from

outer part of the atom

() y — rays have greater ionizing power than X-rays
(d) y — rays are more penetrating than X-rays

The minimum wave]ength of the X-rays produced by electrons
accelerated through a potential difference of V volts is directly

proportional to [CBSE PMT 1996]

@ JV (b) V?
© 1/4v @ 1/V

What determines the hardness of the X-rays obtained from the
Coolige tube [RPMT 1996]
(@) Current in the filament

(b) Pressure of air in the tube

(c) Nature of target

(d) Potential difference between cathode and target

The most penetrating radiation out of the following is

[CBSE PMT 1997]

(@) Xrays (b) B -rays

(c)| & —particles (d) y—rays

On'increasing the number of electrons striking the anode of an X-
ray tube, which one of the following parameters of the resulting X-
rays wcmlfl lmgﬁﬁﬂ) 2003] [SCRA 1998; DPMT 2000]

(@) Penetration power

() Wavelength

(b) Frequency
(d) Intensity
What &V potential is to be applied on X-ray tube so that minimum

wavelength of emitted X-rays may be 1A (h=6.625 %107 J-sec)
(a) 12.42kV (b) 12.84kV

(¢) 11.98kV (d) 10.78KkV

X-ays cannot be deflected by means of an ordinary grating due to [Pb. PMT 19

(@) Large wavelength (b)
(d) None of these

High speed
(c) Short wavelength

Consider the following two statements A and B and identify the
correct choice in the given answer

A:  The characteristic X-ray spectrum depends on the nature of the
material of the target.

B:  The short wavelength limit of continuous X-ray spectrum varies
inversely with the potential difference applied to the X-rays
tube [EAMCET (Med.) 2000]

(@) Ais true and Bis false (b) Ais false and Bis true
(c) Both A and B are true (d) Both A and B are false

75. [T Tds2e)eAgERof G X~ ray photon of wavelength 1.65 Alis

(h=6.6x10"% Jsec, c =3x10°ms™, 1eV =1.6x1079J)
[EAMCET (Engg.) 2000]
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77-

78.

79.

80.
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82.

83.

84.

85.

86.

87.

(@) 35 keV (b) 5.5 keV

(c) 7.5 keV (d) 9.5 keV

If A =104, then it corresponds to [DCE 2000]

(@) Infra-red (b) Microwave

(c) Ultra-violet (d) X-rays

Bragg’s law for X-rays is [UPSEAT 2001]
(@) dsin 8= 2nA4 (b) 2dsind=nA

(¢ nsin@=2d

The X-rays produced in a coolidge tube of potential difference 40V
have minimum wavelength of

(d) None of these

[MH CET (Med.) 2001]

@@ 3.09x10%m (b) 5.09x10%m

() 4.09x10%m (d) 1.09x10%m

For the production of X-rays, the target should be made of
(@) Steel (b) Copper

(c) Aluminum (d) Tungsten

Intensity of X-rays depends upon the number of

[SCRA 1998; DPMT 2000; AFMC 2001]
(b) Protons

(d) Positrons

(@) Electrons
() Neutrons

In an X-ray tube electrons bombarding the target produce X-rays of
minimum wavelength 1 A. What must be the energy of bombarding

electrons [KCET 2001]
(@) 13375 eV (b) 12375 eV
(¢) 14375 eV (d) 15375 eV

If energy of K-shell electron is — 40000 eV _and If 60000 V

potential is /applied at ¢coolidge| tube|then which(of the following X-

ray will get form [RPET 2001]

(@) Continuous

(b) White X-rays

(c) Continuous and all series of characteristic
)

(d) None of these

For production of characteristic K p ATays, the electron transition

is [MP PET 2001]
(@ n=2 to n=1 (b) n=3 to n=2
(¢ n=3 to n=1 (d) n=4 to n=2

Penetrating power of X-rays does not depend on

[MP PET 2001]
(@) Wavelength (b) Energy
(c) Potential difference (d)

The potential difference applied to an X-ray tube is 5kV and the
current through it is 3.2 mA. Then the number of electrons striking
the target per second is

Current in the filament

[ITJEE (Screening) 2002]

@) 2x10% (b) 5x10%

() 1x10Y (d) 4x10%

For the production of characteristic K, Xvay, the electron
transition is [BHU 2002]
(@ n=2 to n=1 (b) n=3 ton=2

(¢ n=3 ton=1 (d n=4 ton=1

When X rays pass through a strong uniform magnetic field, Then
they [MP PET 2002; RPMT 2002, 03]

88.

89.

90.

92.

93.

94.

95.

96.

97.

(@) Do not get deflected at all

(b) Get deflected in the direction of the field

(c) Get deflected in the direction opposite to the field

(d) Get deflected in the direction perpendicular to the field

If the potential difference applied across X-ray tube is V volts, then
approximately minimum wavelength of the emitted X-rays will be

RPMT 1995; CBSE PMT 1996]

1227 1240
a) == A b)) ——
(a) N (b) v
2400 12400
© == A @ = A

What is the difference between soft and hard X-rays
[MP PMT 2002; AlIMS 2002]

(@) VelgSi¥ao00; coMT 200 () Teensity

(c) Frequency (d) Polarization
X-ray will travel minimum distance in [MP PET 2003]
(@) Air (b) 1Iron

(¢) Wood (d) Water

The minimum wavelength of X-ray emitted by X-rays tube is 0.4125
A. The accelerating voltage is

[BHU 2003; CPMT 2004; MP PMT 2005]
(a) 30 kV (b) 50 kV
(c) 80 kV (d) 60 kV
Characteristic X-rays are produced due to [AIIMS 2003]

(@) 4 Transfer; of momentum in collision of electrons with target
atoms

(b)! Transition of electrons from higher to lower electronic orbits in
an atom

(c) Heating of the target

(d) Transfer of energy in collision of electrons with atoms in the
target

X-rays when incident on a metal  [BCECE 2003; RPMT 2003]

(b) Transfer energy to it

(d) Al of the above

The minimum wavelength of X-rays produced in a coolidge tube
operated at potentia] difference of 40 kVis

[BCECE 2003; RPET 2002, 03]
(a) 031 A (b) 314
() 31 A (d) 3nA
The potential difference between the cathode and the target in a

Collidge tube is 100 kV. The minimum wavelength of the X-rays
emitted by the tube is [Pb. PMT 2004]

(a) 0.66 A (b) 938 A
(c) 0246 A (d) 0123 A

X-rays are produced by acce]erating electrons by vo]tage V and let
they strike a metal of atomic number Z The highest frequency of X-
rays produced is proportional to

(a) Exert a force on it

(c) Transfer pressure to it

[UPSEAT 2004]
@ v b) z

(0 (-1 d (Z-17°
If the operating potential of an X-ray tube is 50 &V, the velocity of

X-rays coming out of it is  [RPMT 2003]
@) 4x10*m/s (b) 3x10%m/s
() 10°m/s (d 3m/s
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If the voltage of X-ray tube is doubled, the intensity of X-rays will

become [RPMT 2003]
(@) Half (b) Unchanged
(c) Double (d) Four times

If the minimum wavelength obtained in an X-ray tube is

2.5%x107°m, the operating potential of the tube will be

[RPMT 2003]
(@) 2 kv (b) 34V
() 4 kv (d) 5 kv
The wavelength of X-rays decreases, when [RPMT 2002]

(a) Temperature of target is increased

(b) Intensity of electron beam is increased

() KE. of electrons striking the target is increased
(d) KE. of electrons striking the target is decreased
X-rays are produced in laboratory by [RPMT 1998]

a) Radiation

b) Decomposition of the atom

c) Bombardment of high energy electron on heavy metal
d) None of these

In vacuum an electron of energy 10 keV hits tungsten target, then

emitted radiation will be [RPMT 2001]
(a) Cathode rays (b) X-rays

(c) Infrared rays (d) Visible spectrum

X-rays of A =1 A have frequency [DCE 1998]
(@) 3x10° Hz (b) 3x10% Hz
(6) 3x10% Hz (d) 3x10% Hz

Solid targets. of different /elements are bombarded [ by ‘highly
energetic electron beams.|The frequency (# of the characteristic X-
rays emitted from different targets varies with atomiic number Z as

@ fovzZ b) focZ?

() foxcz d) foacz%?

Compton effect shows that [DPMT 1995]
(@) X-rays are waves

(b) X-rays have high energy

(c

) X—rays can penetrate matter
(d) Photons have momentum

An X-ray tube with a copper target emits Cu Ka line of wavelength

150 A. What should be the minimum voltage through which
electrons are to be accelerated to produce this wavelength of X rays

(h=6.63x10"*J-sec, c =3x10®m/s) [Orissa JEE 1996]

(a) 8280 V
() 82800 V

(b) 828 V
d) 828V

In X-ray spectrum wavelength A of line K, depends on atomic

number Z as [RPMT 1995; DCE 2002]

@) Ao Zz? (b) A oc(Z-1)>
1 1
(© mCﬂ (d) ﬂ,ocﬁ

Absorption of X-ray is maximum in which of the following different

sheets [RPMT 1995]

(@) Copper (b) Gold

109.

no.

m.

(c) Beryllium (d) Lead
The wavelength of K, line in copper is 154 A. The ionisation
energy of K electron in copper in joule is

[EAMCET 1984]

@) 11.2x107%¥ (b) 12.9x107*®

() 1.7x107%® (d) 10x107*®
The wave]ength of Ka line for an element of atomic number 43 is
A. Then the wavelength of K, line for an element of atomic

number 29 is

43 42
—A b) — A1
@) 29 (b) 28
9 4
— A d —1
(©) 2 () 5
In X-ray experiment K, Kj denotes [DCE 2005]

(a) Characteristic

(b) Continuous wavelength
(¢) @, P-emissions respectively

(d) None of these

[ANIMS 2005]
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8.
T Critical Thinking
Objective Questions
A 1A beam of protons with a cross-sectional area of 0.5 sq. mm is
moving with a velocity of 3x10*ms™. Then charge density of
beam is [CPMT 2002]
(@) 6.6x10*C/m? (b) 6.6x10°C/m®
(c) 6.6x10°C/m3 (d) None of these 9.
A particle of mass M at rest decays into two particles of masses m
and m, having non-zero velocities. The ratio of the de—Brog]ie
wavelengths of the partic]es, ﬂl /ﬂz is
[NT-JEE 1999; KCET 2003]

(@ my/m, (b) my,/m,
() 10 (d) my, /ymy

10.

A photon and an electron have equal energy E. Z’photon [ Agtectron 18

proportional to
[UPSEAT 2003; ITJEE (Screening) 2004]

@ JE ®) 1/JE
(¢ 1/E (d) Does not depend upon £

When photon of energy 4.25 eV strike the surface of a metal A, the n
ejected photoelectrons have maximum kinetic energy 7' eV and de-
Brolie maximum  kinetic

wavelength  A,. The energy of

photoeléctrons liberated from another mietal B by photon’of energy
470 eViis/ Ty = (T, ~1.50) eV . If the de-Broglie" wavelength of

these photoe]ectrons is ﬂ“B = 2}“A , then

(@) The work function of A is 2.25 eV 12.
(b) The work function of Bis 4.20 eV

() T, =2.00eV

(d) Tg=2.75eV

An image of the sun is formed by a lens of focal length of 30 cm on
the metal surface of a photoe]ectric cell and a photoe]ectric current /
is produced. The lens forming the image is then replaced by another
of the same diameter but of focal Iength 15 cm. The photoe]ectric
current in this case is

@ (b) 7 13.

2
(c) 27 (d) a7
When an inert gas is filled in the place vacuum in a photo cell, then
(@) Photo-electric current is decreased
(b) Photo-electric current is increased

(d

Decrease or increase in photo—e]ectric current does not depend

upon the gas filled
A photon of 1.7x107™ Joules is absorbed by a material under

special circumstances. The correct statement is

[MP PET 1999; JIPMER 2000] 15.

(@) Electrons of the atom of absorbed material will go the higher
energy states

(b) Electron and positron pair will be created

(c) Only positron will be produced

(c) Photo-electric current remains the same 14.

(d) Photoelectric effect will occur and electron will be produced
The maximum velocity of an electron emitted by light of wavelength
A incident on the surface of a metal of work function ¢, is[MP PMT/PET 1998

1/2
) [2(hc+/1¢)} ®) 2(hc - Ag)

mA m
1/2 1/2
© {Z(hc —w)} @ [2(M—¢)}
mA m

Where 4 = Planck's constant, m = mass of electron and ¢ = speed of
light.

When a point source of monochromatic light is at a distance of 0.2

m from a photoelectric cell, the cut-off voltage and the saturation
current are 0.6 volt and 18 mA respectively. If the same source is

placed 0.6 m away from the photoelectric cell, then[lIT JEE 1992; MP PMT 1999]
(@) The stopping potential will be 0.2 V

(b) The stopping potential will be 0.6 V

(c) The saturation current will be 6 mA

(d) The saturation current will be 18 mA

In a photoemissive cell with executing wave]ength A, the fastest
electron has speed v. If the exciting wavelength is changed to
314, the speed of the fastest emitted electron will be

@) v(3/4)? (b) v(4/3)!?

(c) Less than v (4/3)!? (d) Greater than v (4/3)"'2

Ultraviolet ]ight of wave]ength 300 nm and intensity 1.0 watt/m falls
on the surface of a photosensitive material. If 1% of the incident
photons produce photoe]ectrons, then the aumber of photoe]ectrons
emitted from an area of 1.0 crmmof the surface is.nearly

(a) 9.61x1014persec (b) 4.12x10% per sec
(©) 15Tx10™[BesRaoo4] — (d) 2.13x10™ per sec

Photoelectric emission is observed from a metallic surface for
frequencies v; and Vv, of the incident light rays (Vl > V2) . 1f the
maximum values of kinetic energy of the photoe]ectrons emitted in

the two cases are in the ratio of 1:K, then the threshold frequency
of the metallic surface is

[EAMCET (Engg.) 2001]

Vi —V, kv, —v,

NTve by 17 Ve
(@) 1 (b) K1
[Matipal »'fe%{els?— (d) Vzk;"l

Light from a hydrogen discharge tube is incident on the cathode of a
photoelectric cell the work function of the cathode surface is 4.2 eV.
In order to reduce the photo—current to zero the vo]tage of the

anode rﬁ]lﬂ;ii;mﬁo]glas]cathode must be made

(@) —42V (b) —94V

() -8V (d) +94 VvV

Work function of lithium and copper are respective]y 2.3 eVand 4.0
eV. Which one of the metal will be useful for the photoelectric cell
working with visible light ? (5= 6.6 X 10" J-s, c = 3 X 100 m/s)

(@) Lithium (b) Copper

() Both (d) None of these

X-rays of wave]ength 0.1 A allowed to fall on a metal get scattered.
The wavelength of scattered radiation is 0.1 A. If A = 6.624 X 10~ J-s
and m = 9 X10°kg, then the direction of the scattered photons will
be

(@) cos (0.547) (b) cos'(0.4484)
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(c) cos(0.5) (d) cos(0.3)

The largest distance between the interatomic planes of a crystal is 10
‘cm. The upper limit for the wavelength of X-rays which can be
usefully studied with this crystal is

[CPMT 1984]
(@) 1A (b) 2A
() 1A (d) 20A
An X-ray tube is operating at 50 kV and 20 mA. The target material

of the tube has a mass of 1.0 kg and specific heat 495 ] kg °oc,
One percent of the supplied electric power is converted into X-rays
and the entire remaining energy goes into heating the target. Then
@ A
temperature

suitable target material must have a high melting

(b) A suitable target material must have low thermal conductivity

(c) The average rate of rise of temperature of target would be 2
Das
(d) The minimum wavelength of the X-rays emitted is about

0.25x10°m

The wavelength of K, Xrays produced by an Xray tube is 0.76 A.
The atomic number of the anode material of the tube is

@ 20 (b) 60

(c) 40 (d) 8o

X-ray beam of intensity |, passes through an absorption plate of
thickness d. 1f absorption coefficient of material of p]ate is u, the

correct statement regarding the transmitted intensity I of Xray is

@ = l,@—er) B) 1= 1e

~ul/d

© 1= Ye =14 (d) VI = lge

The K‘Z X-ray emission line of tungsten occurs at A=0.021 nm .
The energy difference between K and L levels in this atom is about

(@) o0.51MeV (b) 12 MeV

() 59 KeV (d) 13.6 eV

Electrons with energy 80 kel are incident on the tungsten target of
an Xay tube. K shell electrons of tungsten have ionization energy
72.5 keV. Xrays emitted by the tube contain on]y

(@) A continuous X-ray spectrum (Bremsstrahlung) with a
minimum wavelength of ~ 0.155A

(b) A continuous X-ray spectrum (Bremsstrahlung] with all

wavelengths
(c) The characteristic X—rays spectrum of tungsten

(d) A continuous X-ray spectrum (Bremsstrahlung) with a
minimum wavelength of ~ 0.155A and the characteristic X-ray
spectrum of tungsten

The X-ray wavelength of L line of platinum (Z=78) is 1.30A.
The X —ray wavelength of L, line of Molybdenum (Z=42) is

(b) 4.20A

(d) 135 A

The ratio of de-Broglie wavelengths of molecules of hydrogen and
helium which are at temperature 27 C and 127-C respectively is

3
(b) \/;

(a) 5.41A
(¢) 2.70A

1
(@) )

24.

25.

26.

27.

28,

29.

30.

8

(c) 3

A silver ball of radius 4.8 cm is suspended by a thread in the

(d) 1

vacuum chamber. UV light of wavelength 200 nm is incident on the

ball for some times during which a total energy of 1 x 10° / falls on
the surface. Assuming on an average one out of 10° photons incident
is able to eject electron. The potential on sphere will be

@ 1v (b) 2V
() 3V (d) Zero
A photon of wavelength 6630 A is incident on a totally reflecting

[]]quﬁi]ce. The momentum delivered by the photon is equa] to

(a) 6.63 x 10" kg-my/sec (b) 2 x 10" kg-m/sec

(c) 10" kg-m/sec (d) None of these

The ratio of de-Broglie wavelength of a o-particle to that of a
proton being subjected to the same magnetic field so that the radii
of their path are equal to each other assuming the field induction

vector B is perpendicular to the velocity vectors of the oi-particle
and the proton is

1
@ 1 (b) 7
[T 1996]
© > @ 2
o) =
2
K, wavelength emitted by an atom of atomic number Z =1 is A

Find the atomic number for an atom that emits K[, radiation with

waveler[ﬂb ﬁ:ﬁr 1999] [WT-JEE (Screening) 2005]
(@) z=6 (b) z=4

() Z=n d) Zz=44

The potential energy of a/particle.of mass m is given by

E,;; 0<x<1
U(x) =
[T 199 Qla'nce“edq >1
A and A are the de-Broglie wavelengths of the particle, when 0 < x

<1 and x > 1 respectively. If the total energy of particle is 2E, the

ratio ﬁ will be

[ITJEE (Scréening) 2000]

[Based on TIT-JEE (Mains) 2005]

© 2 @ =

Rest mass energy of an electron is 0.51 MeV. If this electron is
moving with a velocity 0.8 ¢ (where c is velocity of light in vacuum),

then kinetic energy of the electron should be.

(@) 03BAMEET (Eng) 2000] (b) 034 MeV
() 0.39 MeV (d) 0.46 MeV
A proton, a deutron and an O.-particle having the same momentum,
enters a region of uniform electric field between the parallel plates

of a capacitor. The electric field is perpendicular to the initial path
of the particles. Then the ratio of deflections suffered by them is

Screen



32.

33

35.

36.

37.

(b) 1:2:4
() 1:1:2 (d)

In order to coincide the parabolas formed by singly ionised ions in
one spectrograph and doubly ionized ions in the other Thomson’s
mass spectrograph, the electric fields and magnetic fields are kept in
the ratios1:2 and 3 : 2 respective]y. Then the ratio of masses of the

None of these

ions is

(@) 3:4 (b) 1:3
() 9:4 (d)
Let 4,, Az and A, denote the wavelengths of the X-rays of the

None of these

Ka, Kﬁ and La lines in the characteristic X-rays for a metal

@ Ay >4y >4y (b) A, >A5>4,

© =t @ 4=
2 A A Ay 2

a a a
The minimum intensity of light to be detected by human eye is
107°W/m?.  The

5.6x107"m entering the eye, with pupil area 107%m? , per
second for vision will be nearly

number of photons of wavelength

(a) 100 (b) 200

() 300 (d) 400

In X-ray tube when the acce]erating vo]tage V is halved, the
difference between the wavelength of K line and minimum
wavelength of continuous X-ray spectrum

(@) Remains constant

(b) Becomes more'than two times

Becomes half

Becomes less than two times

Ina photoce“ bichromatic Iight of wave]ength 2475 A and 6000 A
are incident on cathode whose work function is 4.8 eV, If a uniform

magnetic field of 3 X 10° Tes/a exists para"e] to the plate, the radius
of the path describe by the photoelectron will be (mass of electron =

9 x 10" kg)

(@ 1em

(b) 5cm

() 10 em (d) 25 cm

Two metallic p]ates A and B each of area 5 X 10'm are p]aced
parallel to each other at a separation of 1 cm. Plate B carries a
positive charge of 33.7 pc. A monochromatic beam of light, with
photons of energy 5 eV each, starts Fa"ing on p]ate Aat t=0, so
that 10° photons fall on it per square meter per second. Assume that
one photoelectron is emitted for every 10 incident photons. Also
assume that all the emitted photoe]ectrons are collected by p]ate B
and the work function of plate A remains constant at the value 2 eV.
Electric field between the plates at the end of 10 seconds is

(b) 10 NC
(d) Zero

(@) 2 x10 NC
() 5x10NC

In the Fo]]owing arrangement y = 1.0 mm, d=0.24 mmand D=12 m.
The work function of the material of the emitter is 2.2 eV, The
stopping potential V needed to stop the photo current will be

Bright
Dark
Bright
Dark
Bright

38.

39.
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(@) o9V
() 04V

(b) o5V
(d) oaVv
The eye can detect 5 X 10° photons per square metre per sec of

green ]ight (ﬂ = 5000 A) while the ear can detect 10713 0N/m2).

The factor by which the eye is more sensitive as a power detector
than the ear is close to

(b) 10
d) 15

A photon collides with a stationary hydrogen atom in ground state

(e) 10

ine]astica“y. Energy of the co"iding photon is 10.2 eV, After a time
interval of the order of micro second another photon collides with
same hydrogen atom inelastically with an energy of 15 eV. What will
be observed by the detector [IT-JEE (Screening) 2005]

(a) 2 photon of energy 10.2 eV
(b) 2 photon of energy of 1.4 eV
(c) One photon of energy 10.2 eV and an electron of energy 1.4 eV

(d) One photon of energy 10.2 eV and another photon of 1.4 eV

QGraphicaI Questions

The curve drawn between ve]ocity and frequency of photon in
vacuum will be a [MP PET 2000]
(@) Straight line parallel to frequency axis

(b) Straight line parallel to velocity axis

(c) Straight line passing through origin and making an angle of 45
with frequency axis

(d) Hyperbola

Which of the following figure represents the variation of particle
momentum and the associated de-Broglie wavelength

P P

@ (b)

2 A
© * @”
A A

The figure shows the variation of photocurrent with anode potential
for a photo-sensitive surface for three different radiations. Let

f,, f, and f, be the
frequencies for the curves a, 5 and c respectively [IITJEE (Screening) 2004]

I, lpand |, be the intensities and

Photo current
(@ f,=1 and I, =l
/b
b) f,=1f and I, =1,

ol Anode potential
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() f,=1, and I, =1,
d) f,=1 and I, =1,

According to Einstein's photoe]ectric equation, the graph between
the kinetic energy of photoelectrons ejected and the frequency of
incident radiation is

[MP PMT 1994; CBSE PMT 1996; CBSE PMT 2004]

o >
@ B ®)
S ]
o
§ 'ﬁ
c £
3 <
Frequency Frequency
© z d &
g g
e £
Vv o
g L2
5 5
Vv Y
£ £
P ~
Frequenc; . . Frequenc
For the photoe]eeqctnc yeﬁ'ect, the maximum kinetic gnerg);/ E, of the

emitted photoelectrons is plotted against the frequency Vv of the
incident photons as shown in the figure. The slope of the curve
gives

[CPMT 1987; MP PET 2001; DPMT 2002]

E

Charge of the electr

Werk functionrof the metal
c) PlancK's constant

d) Ratio of the Planck’s constant to electronic charge

The stopping potential V for photoelectric emission from a metal

LY
~

b

AAAA
=

= 2

surface is plotted along Y-axis and frequency V of incident light

along X-axis. A straight line is obtained as shown. Planck's constant
[CPMT 1987;

Similar to MP PMT 2000; Kerala PET 2001]

is given by

VTY

(@) Slope of the line

(b) Product of slope on the line and charge on the electron

(c) Product of intercept along Y-axis and mass of the electron

(d) Product of Slope and mass of electron

In an experiment on photoe]ectric effect the Frequency f of the
incident light is plotted against the stopping potential V. The

work function of the photoe]ectric surface is given by (e is

electronic charge) [CPMT 1987]
(@) OB xeineV VDT
(b) OBin volt A
(c) OAineV o X
Vo v —
(d) The slope of the line AB
The stopping potential as a function Bf fthe frequency of the incident
radiation is plotted for two different photoelectric surfaces A and B

The graphs show that work function of A is

T//

a) Greater than that of B

(

(b) Smaller than that of B

() Equal to that of B

(d) No inference can be drawn about their work functions from the

given graphs
The intensity of X-rays from a Coolidge tube is plotted against
wavelength as shown in the figure. The minimum wavelength found
is A; and the wavelength of the K lineis 4 . As the accelerating
voltage is increased

2l

[ITJEE (Screening) 2001]

Ac A A —
(@) (A —Ac) increases (b) (A —Ac) decreases
() Ay increases (d) Ak decreases

The figure represents the observed intensity of X-rays emitted by an
X-ray tube as a function of wavelength. The sharp peaks A and B

denote [CBSE PMT 1995]

Intensity

o Wave length
(b) “Continuous spectrum

(d) White radiations

The graph between intensity of light falling on a metallic plate (/)
with the current (/) generated is [DCE 2001]

(a) " Band“spectrum

(c) Characteristic radiations

i i

@ (b)

For a photoelectric cell the graph showing the variatiod of cut of

voltage (V) with frequency (V) of incident light is best represented
by [DCE 2001; MP PET 2003]

v, v,
(@) (b)

14
() [DPMT 1992]
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The curve between current (i) and potential difference (V) for a

photo cell will be
L, Li:
The correct curve between the stopping potential (

and intensity
of incident light (/) is

AN

The value of stopping poténtial in the following dlagram

7 (photoelectnc
@ -av current)
(b) -3V
() -2V
d) -1v
In the following dlagram'i?‘f/? ]{/t?‘l -vo 4

(Photoelectric

@ 4=y% i
) &<h
© A=4
d) 4> v, v, " Potential

difference
A point source of light is used in an experiment on photoelectric

current)

effect. Which of the following curves best represents the variation of

photo current (7) with distance (d) of the source from the emitter

a) a i

c c

(
(b) &
(o)
d d

According to Einstein’s photoelectric equation, the plot of the kinetic
energy of the emitted photo electrons from a metal versus the
frequency, of the incident radiation gives a straight line whose slope

(@) 1s the same for all metals and independent of the intensity of
the radiation

(b) Depends on the intensity of the radiation

(c) Depends both on the intensity of the radiation and the metal
used

(d) Depends on the nature of the metals used

19.

20.

22.

23.

24.

The stopping potential (V) versus frequency (V) plot of a

substance is shown in ﬁgure the threshold wave Iength is

4 5 6 7 8
@) 5x 10%m v x10" Hz
(b) 6000A
(¢) 5000 A
( Can not be estimated from given data

Figure represents a graph of kinetic energy (K) of photoe]ectrons (in
eV) and frequency (v) for a metal used as cathode in photoelectric
experiment. The work function of metal is

1eV K
@ te "
(b) 15 eV 2 |
() 2eV 'r f
0 ; v
d) 3ev gt
Figure represents the graph of phofd current / versus applied
voltage (V). The maximum energy of thefemitted photoelectrons is

7

(a) zeV
(b)_4ev
(c) g 0 el
(D) 47

The graph that correct’r)ﬂrep’?es&tsﬁthe Pe]atfon of ﬁ%quéncy vofa
particular characteristic X-ray with the—amic number Z of the

material is

@ Vv
/ , ‘ ( ,
A

() ’ {

The intensity/ dlstrlbutlon of Xrays from two coolidge Zubes
operated on different vo]tages 14 and 14 and using different target
materials of atomic numbers Z and Z is shown in the figure. Which
one of the following inequalities is true?

A
(a) V>V, Z<Z
(b)  ViakEEZz0e4]
( ) V<V, Z>Z
(d) V v, Z<Z

- y
The correct graph between the fhafimum energy of a photoe]ectron
and the inverse of wavelength of the incident radiation is given by

the curve
C

_
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@ A
(b) B
() C

<) 30.
(d) None of the above
The continuous x-ray spectrum obtained from a Coolidge tube is of
the form
! 1
) (b)
Vimax v Viin v
7 7
() (d)
The deperidence of the short wavelength limit A, on the
accelerating potential Vis represented by the curve of figure
3.
(@ A log Apyin
(b) B
() €
(d) None of these
log V
The variation of wavelength A of the Ka line wi%h atomic number
Z of the target is shown by the following curve of
A A
@ )
(b) B
() C
B
(d) None of these /
In the graph given below. If the s]ope is 4.12x10™ V—sec,Zthen
value of ‘/f should be
Vo
32.
PE
£%
S 3
& &
Frequency
(@) 6.6x107" Jsec
(b) 6.6x107** fsec
(¢) 9.1x10-31 Jsec
(d) None of these
The curves (a), (b) (c) and (d) show the variation between the
applied potential difference (V) and the photoelectric current (J), at
two different intensities of light (/ > /). In which figure is the
correct variation shown
i i
@) intensity / (b) intensity /
a
ﬂn_sity A intensity /, 33.
L
L
) . 14 -V . Vv
7
(c) ’ intensity / (d) intensity /
—
intensity /,
j intensity /,
-V, 1% -V, |4

The figure showing the correct relationship between the stopping

potential V and the frequency v of light for potassium and tungsten

Vo K Vo K
@ o j
w w

0 05 10 15 0 05 10 15

v X105 Hz=> v «0°  Hz=>

Vo

w/ () (ev) f’( w
05 10 15 0. 0

Q 05 10 15
The Iog—log gl]‘/aglalsbe%@ the energy E of an 5]:]:8%1'01}_,2329 its de-

Ve

log E log E

e

S
log E log E

e

=

\S ;
o

:R

Broglie wavelength 4 will be

@ (b)

log A

log 4

S
log 4

s
log A

The graph between the square root of the ﬁ‘equency of a speciﬁc
line of characteristic spectrum of X-rays and the atomic number of

the target will be

W
@

In the diagram a graph between the intensity of X-rays emitted by a

rno]ybdenum target and the wave]ength is shown, when electrons of

30 keV are incident on the target. In the graph one peak is of Ka

line and the other peak is of K,B line
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35.

36.

37.

38.

(a) First peak is of K line at 0.6 A

(b) Highest peak is of K line at 0.7 A
(c) 1f the energy of incident particles is increased, then the peaks

will shift towards left

(d) 1f the energy of incident particles is increased, then the peaks
will shift towards right

The maximum value of stopping potential in the following diagram

is

(Photoelectric

(@) -4V current)

(b) -

(¢) -3V

d) -2v WV 2V Potential |,

Ina parabo]a spectrograph, the velocities ol'dtﬁ%'rerpcgsitive ions PQR

and Sare v, v, v and v respectively

s
(@) vy >V, >Vy>V, Q R

ﬁ

(b) vy <V, <Vz <V,

(6) Vi=Vy=V3=V, :
(d) Ve <<Np > Vg <V,

7

In Thomson spegtrograph experiment, four positive‘ions B,Q,R and S

are situated on'Y-X curve a'shown in the figiire

Q

o —>X

me

{

a) The specific chargd oF:R

(
(b) The masses of Pand S'are same

(c) The specific charges of @ and R are same
(d) The velocities of Rand S are same

The slope of frequency of incident light and stopping potential
graph for a given surface will be [MP PET 1999;

MP PMT 2000; JIPMER 2001, 02; UPSEAT 2003]
(@) A (b) hle
(c) eh d) e

From the figure describing photoelectric effect we may infer

[KCET 2005]
Y
Na Al
4
4 0 X
5 10

(a) Naand A/both have the sahigdt§R&shold frequency

correctly that

w

Stopping potential
N

(b) Maximum kinetic energy for both the metals depend linearly on
the Frequency

(c) The stopping potentials are different for Na and A/ for the

same change in frequency

(d) Alis a better photo sensitive material than Na

R Assertion & Reason

For ATIMS Aspirants

Kead the assertion and reason carefully to mark the correct option out of
the options given below:

@
®)
(c)
(d)
(e)

If both assertion and reason are true and the reason is the correct
explanation of the assertion.

If both assertion and reason are true but reason is not the correct
exp/anaﬁon of the assertion.

If assertion is true but reason is false.

If the assertion and reason both are false.

If assertion is false but reason is true.

Assertion The energy (E) and momentum (p) of a photon are
related by p=E/cC.
Reason The photon behaves like a particle.
[AIIMS 2005]
Assertion Photoelectric effect demonstrates the wave nature
of light.
Reason The number of photoe]ectrons is proportional to
the frequency of light. [AIMS 2004]
Assertion When the speed of an eleetron increases its specific
chargesdecreases;
Reason Specific charge is the ratio of the charge to mass.[AIIMS 2001]
Assertion X-ray'travel with'the Speed of light.
Reason X-rays are electromagnetic rays.
[AIMS 2001]
Assertion Mass of moving photon varies inversely as the
wave]ength.
Reason Energy of the particle =Massx (Speed of | ight}
[AMS 2000]
Assertion Kinetic energy of photo electrons emitted by a
photosensitive surface depends upon the intensity
of incident photon.
Reason The ejection of electrons from metallic surface is
possible with frequency of incident photon below
the threshold ﬁ"equencyA [AIIMS 1999]
Assertion Separation of isotope is possible because of the
difference in electron numbers of isotope.
Reason lsotope of an element can be separated by using a
mass spectrometer. [ANIMS 1999]
Assertion The specific charge of positive rays is not constant.
Reason The mass of ions varies with speed.
[AIMS 1999]
Assertion Photosensitivity of a metal is high if its work
function is small.
Reason Work function = hf; where f; is the threshold
frequency. [AIMS 1997]
Assertion The de-Broglie wavelength of a molecule varies

inversely as the square root of temperature.
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Assertion

Reason
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Reason
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Assertion

Reason
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Reason
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Reason

Assertion

Reason
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The root mean square velocity of the molecule

depends on the temperature.
[AIMS 1997]

An electron is not deflected on passing through
certain region of space. This observation confirms

that there is no magnetic field in that region.

The deflection of electron depends on angle
between velocity of electron and direction of

magnetic field.

Electric conduction in gases is possible at normal

pressure.

The electric conduction in gases depends only upon

the potential difference between the electrodes.

Light is produced in gases in the process of electric

discharge through them at high pressure.

At high pressure electrons of gaseous atoms collide

and reach and excited state.

If different gases are filled turn by turn at the same
pressure in the discharge tube the discharge in

them takes place at the same potential.

The discharge depends only on the pressure of
discharge tube and not on the ionisation potential

of gas.

An electric field is preferred in comparison to
magnetic field for detecting the electron beam in a

television picture tube.
Electric field require low vo]tage.

The specific | charge | for positive' rays |is |a

characteristic constant.

The specific charge depends on charge and mass of
positive ions present in positive rays.

In Millikan's experiment for the determination of
charge on an electron, oil drops of any size can be
used.

Millikan's experiment determine the charge on
electron, by simply measuring the terminal velocity.
In the process of photoelectric emission, all the
emitted photoelectrons have the same kinetic
energy.

The photon transfers its whole energy to the
electron of the atom in photoe]ectric effect.

In photoelectric effect, on increasing the intensity of
light, both the number of electrons emitted and

kinetic energy of each of them get increased but
photoelectric current remains unchanged.

The photoelectric  current depends only on
wave]ength of ]ight.
Though light of a single frequency

(monochromatic) is incident on a metal, the
energies of emitted photoelectrons are different.

The energy of electrons emitted from inside the
metal surface is lost in collision with the other
atoms in the metal.

The threshold frequency of photoelectric effect
supports the particle nature of sunlight.

Reason If frequency of incident light is less than the
threshold frequency, electrons are not emitted from
metal surface.

22. Assertion In photoemissive cell inert gas is used.

Reason Inert gas in the photoemissive cell gives greater
current.

23. Assertion Xrays cannot be diffracted by means of grating.

Reason X-rays does not obey Bragg's law.

24. Assertion Xrays can penetrate through the flesh but not
through the bones.

Reason The penetrating power of Xrays depends on
vo]tage.

25. Assertion Intensity of X-rays can be controlled by adjusting
the filament current and voltage.

Reason The intensity of X-rays does not depend on number
of Xray photons emitted per second from the
target.

26. Assertion Anode of Coolidge tube gets heated up at time of
emission of X-rays.

Reason The anode of Coolidge tube is made of a material of
high melting point.

27. Assertion Penetrating power of Xrtays increases with the
increasing the wavelength.

Reason The penetrating power of X-rays increases with the
frequency of X-rays.

28. Assertion Xrays are used for studying the structure of
crysta]s.

Reason The distance between theratoms of crystals is of the
orderefiwavelength of X-rays:

29; Assertion The phenomenon of Xray production is basically
inversesof photoelectrié effect.

Reason X-rays are electromagnetic waves.

30. Assertion Soft and hard X-rays differ in frequency as well as
velocity.

Reason The penetrating power of hard Xrays is more than
the penetrating power of soft X-rays.

Cathode Rays and Positive Rays
1 b 2 b 3 d 4 b 5 d
6 a 7 d 8 b 9 c 10 b
1 c 12 b 13 d 14 b 15 d
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21 b 22 c 23 c 24 d 25 ®
26 d 27 b 28 b 29 c 30 a
3 a 32 c 33 a 34 a 35 b
36 b 37 a 38 d 39 b 40 a
41 c 42 d 43 d 44 c 45 b
46 c 47 a 48 d 49 c 50 ®
51 c 52 b 53 b 54 b 55 d
56 d 57 c 58 a 59 b 60 a
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S Answers and Solutions

Cathode Rays and Positive Rays

Electrio fieldy = = —=220 __ —10000, Vel .

d/f25%10

In Millikan's experiment, drops of non-volatile ]iquid (c]oak oil)
are used to prevent evaporation.

E=eV =2ex5=10¢eV

E=eV =1.6x10"x10° =1.6x10 " J
Any charge in the universe is given by

qg=ne=e= q (where nis an integer)
n

Op:02:05:04 :05 "0 22Ny 1Ny N3 1N, IN5 2N
6.563:8.204:11.5:13.13:16.48 :18.09
NN, INg N, ing iNg
Divide by 6.563
1:1.25:1.75:2.0:25:275:in,:n, N3N, 1Ng INg
Mu]tip]ied by 4
4:5:7:8:10:11:n;:ny,:Nz3:N, N5 Ng
Qi+, +0y+0, +0s +qg  73.967x107"°
N N +Ny, +N3 +Ny4 +Ng +Ng - 45
=1.641x107°C

(Note f you take 45.0743 in p]ace of 45, you will get the
exact value)

e

Because magnetic force always points perpendicular to the
particle velocity. That is why velocity remains unchanged

1
thereby keeping energy [Emvz) and momentum (mv)

unchanged.

8.

20.

21

22.

23.
24.

25.
26.
27.

28.

29.

—
o
=

(b)

(b)
(d)

Mass is basically a constant term for any physical application at
low velocity. But in accordance with Einstein’s theory of
relativity, at higher speeds the mass of the particle change
according to formula

Mo
J1-W?/c?)

Refer Q.No. 9. Here the velocity of electron increases, so as per
Einstein’s equation mass of the electron increases, hence the

m =

e
speciﬁc charge - decreaseSA

If the voltage given is V, then the energy of electron

lmv2 =eV = v :JZC;V
2 m

~ Jz x1.6x10% x1000
9.1x107*

=1.875x107 ~1.9x10'm/s

2QV
m

:>p:,/2QmV:>po¢ [Qm:p_ez &: &
p, \2exm, |2m,

In an electric field, a force opposite to the direction of electric

Momentum P=mMV and V=

field acts on negatively charged partic]es (ie from lower
potential to higher potential).

mg mgd
E=m =—Lon=—=
Q 9=0 = Ve

oo 1.8x107 x10x0.9x107 _ 5
2x10®x1.6x107"

In Millikan’s experiment, the charges present on the oil drops

are the integra] mu]tip]es, so 2e and 108(1.6><10_18 C)

charges are present.

4
eE =evB :v:Ez 3x10

B m=l.5x107m/3
X

Charged partic]es trace a circular path in a perpendicu]ar
magnetic field.
e 1.6x107"

F_W:L?ﬁxlo“mkg
AX

Light consists of photons and cathode rays consists of
electrons. However both effect the photographic plate.

For ionisation, high energy electrons are required.

v:£:£:40m/sec.

B 05
Higher the voltage, higher is the KE. Higher the work function,
smaller is the KE.



w
—
LY
~

3

32.
33.

35.

36.
37.

38.
39.

40.

41

42,

43.

45.

46.

47.

48.

49.

@
(©)

@)

1426 Electron, Photon, Photoelectric Effect and X-Rays

2 2ar
Time period of revolution of electron T = — = —
[0) \
. . . e ev
Hence corresponding electric current i = — = ——
T 2

. 1.6x107™"° x2x10°

= i= —o =1MmA.
2x3.14x0.5%x10

K=QV =1.6x10"" x100 =1.6 x107* Joules
K=Q.V =1le x1Volt=1eV

Kinetic energy oc Potential difference

In discharge tube cathode rays (a beam of negative partic]es)
and canal rays (positive Tays) moves opposite to each other.
They will experience a magnetic force in the same direction, if
a normal magnetic field is switched on

When cathode rays strike the metal plate, they transfer their
energy to plate.

Cathode rays are beam of electrons.

K =QV =exV =eV

Izl gU= i AV {2(3jv
2 m m

=v=v2x1.6x10" x200 =8x10°m/s.

Speed of the cathode rays is 107 m/sec—3 ><107m /s

QE=mg:>mg=Qd—V

E2

In the condition of no deflection — = 7= If mis
m 2VB

increased by 208 times then B should be increased

V208 =14.4 times

The colour of the positive column in a discharge tube depends
on the type of gas eg. For air, colour is purple red, for H,,

colour is Blue etc.

-34
P _h _ 86xI07 ;5,105 m/s
m mi 9.1x107 x107%

Cathode rays are stream of negative charged particle, so they
deflect in electric field.

E? (3.6 x10*)?

e
m  2vB? 2x25x10% x(1.2x10°%)?
=1.8x10"C/kg.

50.

51.

52.
53.
54.

55.
56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.
68.

(b)

(b)

[
m), qaxmp 1

Specific charge = a ; Ratio = =—Lx—=—.
m q q, m, 2
m p

V=—where E=~ = 2000 _ 105y /m
B d 1x10~

5
:v:—lg =10°m/s.

In Thomson’s mass spectrograph E“ B

In the absence of electric field (ie. E=0)

mg = 6znrv D, = 67nrv (i)

mg
In the presence of Electric field

mg + QE = 67znr(2v) D, = 67nr(2V)

I 1e

P

mg
When Electric field to reduced to E/2

(i)

mg + Q(E/2)=6mnr(') D, - 671pr(2v) (i)
After solving (i), (i) and (iii) T T 2
, =3 QE/2
We get V =—V
2 mg

=4x10°m/s

L [V _J2x1.6x10-19x45.5
m 9.1x107

i:%:%zl_gxloﬂ %1.6x107% = 28.8x10° A
=29 1A
wmen (1)
m € m P m a
Acceleration a = E — (36) E
m 2m

2 642
lmVZZEV QE:L_w
2 2x200

= =1.76x10" <
m 2V kg

K = Q.AV = (2e)x10°V = 2x10%V = 2MeV

Positive rays consist of positive ions.

2r:2ﬂ:> 2I’OCm = m is maximum for C*
aB q q
-6
V:E:&:S?&)m/s
B 3x10™

Positive rays was discovered by ]J. Thomson.
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[E—

If electron oscillate with a frequency of 1 GHz, it does not
radiate any energy, which corresponds a definite wavelength. It
only radiate when it jump from one orbit to another orbit.

P ,  2eV 2eV
=V° = =>vV=[—

m

-6
6E —mg ¢ Mg _16x10°x10

= 10° =16x10" ¢

Matter Waves

According to de-Broglie hypothesis.

Loh_hn
p myv
2
aoh_h o

= = L E=
mv  J2mE 2m A

1
A is same for all, so E oc — . Hence energy will be maximum
m

for particle with lesser mass.

Particle is photon and it travels with the velocity equal to light

in vacuum.
:E:L; .'./106i (h and m = constant)
p 2mE JE
s h o hv m s
myv, myv, v, m 1
BnA EL - 2mE; -4
2 mv 2mE

Photoelectriceffect — Particlenature
Diffraction — Wave nature

}Dual nature
nh ) )

mvr = 2— According to Bohr’s theory
T

= Zm:n[Lj:ni for n=1, A=2ar
mv

h 1
A= = Ao — E = same
2mE T (= same)
A
A:lemiz_pz &:E
2mE Jm T4, \m, 1
~h _ h
Jame  Jom Qv

On putting Q,, =2x1.6x107°C

0.101

A

m, =4m, =4x1.67x107kg= A=
h 1 A4

e CVE T 4 JE_

2
-10
10 / == B =4E,

0.5x101
1 = 3E1

Hence added energy = EZ —

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

(d)

(©)
(b)

()

(b)

(b)

(b)

()

34
_ h _ 6.6x10 _14A
V2ME  V2x9x107% x80x1.6x107"
A= o EYx 1
mv m
If an electron and a photon propagates in the from of waves

having the same wavelength, it implies that they have same

momentum. This is according to de-Broglie equation, p oc —

A:E:loci

p p
In photoelectric effect particle nature of electron is shown.
While in electron microscope, beam of electron is considered as
electron wave.

h
Kparticle =_—-mv 2 also A= W
1(h vh )
= Kparticle = E(EJVZ = g (i)
hc .
Kphoton = 7 (i)
Kpanicle _ l _ 2.25x10°8 _ §
Kphoton 2c 2x3x 108 8
-9
27z'rn=/1:n=i= 10 =3
27r  2x3.14x5.13x10"
. h h
By using Agjectron = j = V= e e
6.6x107*

. _ 6
—m—?Z«SXlO m/S

E=10" /= Constant for both

By using A = ﬁ

1
particles. Hence A oc —— Since mp >Mm, so ﬂ,p <ﬂe.

Jm

By using ﬂ,oci = ﬁ= ﬁ
W o Vi
-10
10 = @:2 =>A=05A4
A 150
34
. h N 6.6 x10 —066A
MV 1 2x1.67x107% x3x10°
Aoc— 3£:—ﬂ 3‘Ap‘ Aﬂ‘
p p A p A
p_070.257 1 — p— 400
p 100 400 PO
1 A T
ﬂ'neutron OCF = t: %
_ (273+927):\/1200 5 :mz:i.
(273+27) 300 2
(A =constant)

\/T

oMy <m

‘/_

soE E
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Wavelength of photon will be greater than that of electron
because mass of photon is less than that of electron

= Ay > A,
2
= h =E= h >
J2mE 2mA
(6.6 x107%4)?

= =2.65x1078]
2x9.1x107% x (0.3 x107%)?
=16.8eV
A
A et e [MaQ
J2mov JmQ Ay Y M,Q,

4m, x 2
- /—” D _,0n
mp xQp
h 6.63x10™

Dj p—
p A 2x107¢
31x10%kg-m / sec

A=

=3.
_h _66x10*
mv  1x2000
_h 6.6x10°*
_\/sz _\/2><9.l><10731><5><l.6><10719
=5.469%x107""m =5.47A

. h 6.6x10%
J2MQVh 52 9% x 10 34 1.6 x0T <100
=1.23A

=3.3x10"m =3.3x107%A

h h 1
The De-Broglie wavelength is A= |—| = |T| = A« |T|
p

Davission and Germer proved the wave nature of electron by

performing an experiment.

AZL = loci.

2mE \/E

il 2
L__h ;iz‘E:EZE I
2mE 4 E' E 1 0.25

The energy S]'lOLlId be added to decrease wavelength.
=E-E=3E

Photon and Photoelectric Effect

-29 8
hy y %:3.3x10 x3x10 —15x10% Hz

6.6x107%

p B e- pxc=2x10"7% x(3x10%) =6x10%erg.
c

h 6.6x107%
p= -

A (5000x10)

19.

20.

21

22,

23.

24.

(d)

(b)

(b)

(b)
(b)

(b)

E hv
p:—:—

C C
E=hv=m02:>m:—:

Cc

_E_h_  _pc

Cc C h

W  nhc n)y PA 10x10°% x 300
P=——=— = |- |=— = —7 5

t At t hc 6.6 x107" x3x10
=1.5x10%

E
Momentum of photon p = —

= Velocity of photon ¢ =—
p

By using E(eV)= %

A= 12325 =4989.9 A~5000 A

£_hc_ 3x10°x6.62x10*
2 0.21x1.6x107%°

Momentum of photon

=5.9x10"%eV

h 6.6x107* 6.6 X 107 ke - A
=—=—-=0. - - my/sec.
2 1070 ¢
Eelo25_ 1 L p(25)x5000ev
A E' 5000
E=hy =6.6 4105 10% =6.6'x {0™°9
Sincesh v =IMC2;Hence ;):mc:&:E
[« A
6 -19
E=hv:V:E=—1X1O Xl'GX;{O =2.4x10% Hz
h 6.6 x10"
-34 13
p=h—v=6'6X1O X18'5X10 =3.3x10"®kg-m / sec
c 3x10
34 8
E:E:G'GZX]'O ><39><10 —4.4x10°]
A 450x10~
-19
E:hy:v:E:GGXl'GXlO :16X1015HZ

h 6.6x1073*

1
E o z' also ﬂ’infrared > ﬂ'visible so Einfrared < Evisible

Energy of photon E= E (]ou]es) = E (eV)
A el

£ _66 x107% x3x10°® 12375

T 16x10 0 xiA) AR
1237 124
Ekev)= 1237 (124
= EeV)=2 ) 2

E=hv=100x1.6x10"° =6.6 x10™ xv
=v=242x10%Hz.

h  6.6x10*

=—=—"""" __-15x10%kgm/s
P A 4400x107%0 g
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[SE—]

27
and mass M :B:%:S ><10’36kg
c 3x10
=Nt ,-he
A
-3 12 6

Eev)= Y - 8010 x10 107 _ 4 44510%v .

e 1.6 x10™
E:nhv:vmijizﬁ.

n N n

According to Einstein's photoelectric equation.

Kinetic energy of photoelectrons depends on the frequency of
incident radiations and is independent of the intensity of
illumination.

In this case, for photoelectric emission the wavelength of

incident radiations must be less then 5200A . Wavelength of
ultraviolet radiations is less then this value (5200 A’) but
wavelength of infrared radiations is higher than this value.

Frequency of ]ight of wave]ength (ﬂ=4000 A) is

8
VZEZLOO:O]SXIOB which is less than
2 4000x107"

the given threshold frequency. Hence no photoelectric

emisssion takes place.
Refer to the application of photo-cell.

Albert [Einstein'was awatrded Nobel Prize in4921'for discovering
the photoelectric effect!

12375
E f incident light E(eV)=——=3.72¢eV
nergy of incident lig V) 3320

(332nm = 3320 A)
According to the relation E =W, +€V,

_(E-W,) _3.72eV -1.07eV
e e

=V, =2.65 Volt

Kimax = (v —Wp);
Refer to threshold Frequency.

12375 12375
jﬂo =
4.2

v =frequency of incident light.

~2955 A

W, (eV) =

Intensity oc (No. of photons) oc (No. of photoelectrons)

12375

E=W, +K,; E= =4.125eV
3000

max ?

= Kpax = E—W, =4.125eV —1eV =3.125 eV

max

= %mvz =3.125x1.6x107° J

-19
v _\/2><3.125><1.6>;10 1e10°m s
9.1x107°
. . h
Retarding potential V, = ’ v-vy)

47.

48.

49.

50.
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53.

54.
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62.

63.
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(©)

(b)

(d)

(b)
(b)

(b)

(b)

hc 6.4x107* x3x108 19
Kinax = — —Wp = ~1.6x10"
mxTo 0 6400x107%°
=1.4x10™ ]
Ko €V) = E@€V)-W, V) =6.2-4.2=2¢eV
Koy (Joules) = 2x1.6x107°J =3.2x107%
Since Wy = 1C, - Mok _ Ana
AO (\NO)Na /1T
A = Ana X Wo)na _ 5460x2.3 -2791 A
(WO)T

Kiax =(E-W,)=(3.4-2)eV =1.4 eV

12375

E f incident light E = =6.18¢V
nergy of incident lig 2000

According to relation E =W, +¢V,
_(E-W,) (6.18eV -5.01eV)
e e

12375
® " 6600

=V, =1.17V=1.2V

=1.87eV.

E=hv=6.64x10" x1.0x10* =6.62x10%J
Number of photons emitted per second
p 10x10°

n=—= — - =1.72x10%
h# 6.6x107 x880x10

1
(Distance’

Therefore an increment of distance two times will reduce the

Number of ejected electrons oc (Intensity) o

1
number of ejected electrons to Zth of the previous one.

According to Einstein's photoelectric equation

E =W, + Kpax :VO—E{E—L}
e|A A

Hence if A decreases V/; increases.

w, - 12375 12875 ) 0

A(R) 5420

Number of electrons can be measured which are directly

proportional to the intensity of radiation.

Kinax =hv—W, =6.6x107* x8x10" —~3.2x107™"

=2.1x107°)

Kona (€V) = 12375{L ! }

AR 2(A)
:12375{L—L} =6.2eV
1000 2000

Stopping potential does not depend on the relative distance
between the source and the cell.
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12375
Energy of incident light E (V)= =3.09eV
gy of incident light E (V) =1
Stopping potential is — 2V so K, =2¢eV

Hence by using E:WO+K Ww=1.09eV ~1.1eV

hc 1
o Wo +EmV§1ax

max

hc

Assuming W, to be negligible in comparison to —

. 1

re Vi € z = Viax € ﬁ .

(On increasing wavelength A to 44, v_becomes half).
W, 251x1.6x107%

Wo =hvo= v = =— 10 ™

=6.08x10 Cycle / sec.

By changing distance of source, photoelectric current changes.
But there is no change in stopping potential.

W, 33x16x107"

Vo = =8x10" Hz
“ h 66x10%
For no emission of photoelectron, energy of incident light <
4

Work function = hv < ¢ 3V<F
Number of electrons emitted oc intensity oC
d, ¥/ (2
n n
> L2220 on, 22
n, \d; 1 4

E=E7WO and 2E227W0
A A

(@istance)?

A EWo o [ 1+W [E
A 2E+W, 2+W, /E
@+Wo /[E) 1

y;
A'>=
@+W,/E) 2 7

Since

hell 1
Stopping potential Vg =—| —=—— . As A decreases so
e |1 A

VO increases.

12375 12375
= =
Jo(A) 4.125

Intensity increases means more photons of same energy will
emit more electrons of same energy, hence only photoelectric
current increases.

W. (V)= =3000A

12375
5000
. Kpax = E-W, =2.475-1.9=0.57eV

E=W,+K E =2.475eV

SLL . =3100A =310 nm
& W, 4

Kimax =(| Vsl )(:‘V =] Vs| =4V

hc 12400
0

82,

83.

84.

85.

86.

87.

88.

90.
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92,
93

94.

95.

96.

97.

98.

99.

()

(©)

(©)

(b)

(b)

()

(b)

12375

Threshold wavelength 4, = =5892.8 A

p_nhc _n_PA_ 100x5000x107"
At t hc 6.6x107% x3x10°8

=2.50x10%

E =W, + Ky = Kyax = E-W, =hv-W,

=K, =hv-W, and K, =2hv-W, =K, > 2K,

hc
Work function= — ; where ﬂ,o is threshold wavelength.
0

. Wo1 _ /7-02 2
Wo, 4op 1

_hc _6.625x10™* x3x10°
Ao 5000x107%

The work function has no effect on current so long as

o J=4x107]

hv >W,. The photoelectric current is proportional to the
intensity of light. Since there is no change in the intensity of

light, therefore |, =1,.

Number of photons emitted is proportional to the intensity.
hc

Also — =W, + E.
A

Photoelectric current oc Intensity of light

_(E-W,) (2eV -0.6eV)
e e

A =1.4V

A > A > Ag . Here threshold wavelength < 4, .
For electron emission Ajcigent < 4o
Ko =(V, | )ev = 2evs

Threshold wave]ength for Na, /1Na B @ =6187.5A

12375

Also Ae, = —3093.75

Since Ay, > 40004 ; So Nais suitable.
By using E =W, + K

E= % = 2.475€V and K, =€V, =1.36 eV

So 2.475 =W, +1.36 =W, =1.1eV .

max

For emission of electrons incident energy of each photon must
be greater than work function (threshold energy).

Kmax of photoe]ectrons doesn’t depends upon intensity of
incident light.

e E= 12375 =6.18 eV
2000

X wher

1
By using E :WO +E I’T]Vrzna

=6.18¢eV =4.2eV +%mv2

2. =198ev =%mv2

max

= 1.98x1.6x107"° =%x9.1x10_31 xv?2

max

=V =8.4x10° m/s

By using E =W, + %mv,znax ; where E = % =271eV
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[E—

max

= 2.71eV =25¢eV +%x9.1x10*31 x V2

=0.21x1.6x107%° = %x 9.1x107% xv2

max

=V = 2.65%x10° m/s

E=Wo +Kpax - (@)

=hf=W,+K, .. (ii)

and 20f =Wy + Ky =2W, + Ky | a1
Wy, 2

Dividing equation (i) by (ii)

I _WatKy Ky 1

2 2W, +Kg Kg 2

Stopping potential depends upon the energy of photon

12375 _ 12375 _ 41254

T W,ev) 3

With decrease in wavelength of incident photons, energy of
photoelectrons increases.

By using %:WO +%mv2
hc 1,
= — =W, +—mv- .. i
400x10° ° 2 0
he 1 3
d —F—F— /=Wy +—m@2v)" [ | L. i
350 1007 2 2 M) @

On solving (i) and (ii)

1, hc[ 1 1 }
“mv?=— —- —~| -
2 3 [ 250x10 400x10

From equation (i) and (iii) W, = 2hc x10°%J .
E=W, +eV, = 4eV =2¢eV +eV, =V, =2 volt

_ 12375
6800
With the increase in intensity of light photoelectric current
increases, but Kinetic energy of ejected electron, stopping

=1.8eV

potential and work function remains unchanged.

E=hv=6.6x10"> x8x10" =5.28x107"8 J =33eV By

using E =W0 + Kmax = Kmax = E—Wo
=33-6.125=27eV

12375
WO

= 123% =6187.5A =620 nm

Minimum kinetic energy is always zero.
Speed of photon is 3x108m /s in vacuum.
Minimum frequency : Wy =hv,

-19
_ Wy _165x16x107° o

h 6.6x107%
By using E :Wo + Kmax = Kmax =E —WO

=V

n7.

ns.

no.

120.

121

122.

123.

124.

125.

126.
127.

128.

129.
130.

(b)

(b)

Hence, Kl =1-05=05

K
and K, _25-05-2=1_1
K,
Wy c == ===
A A

Wo), 2.3
=eV, = eV, =4eV = V, =4V

n
1 A _Wy), 45 _2
1

K

max

Number of photo electrons

2
(N) oc Intensity oc diz = E—i = {g_ij

2
SO I
N, (50, 1 4
p_W _nhc

t At
=n=10%.

_ nx6.6x107* x3x10°
198.6 x1

=10°

_nhc

0= nx6x10"* x3x10°®

=n=3x10%
540x107% x1

1 e
Emvfnax =eVy = Vpax = Z(FJVO

=v2x1.8x10" x9 =1.8x10%m/s.

hc hc .
72W0+Kmax:T=W0+KA (l)

A

and E =W, +Kg ..(ii)
g

Subtracting (i) from (ii), |’]C|:i - i:| =Kg - Ky
RO

= hc i7 1 :KBfKAjﬁzKBiKA 4..(iii)
27

From (i) and (i), 2Kg —2K, =W, + Ky
= Kg = 2K, =W,

K W, K
= K, =—85__0 which gives K, <—£.
2 2
o =175 _19ev ~2ev .
6500

Ax—ray < A —ray

E=hvy +K o =h(@vy) =hvy + K o = Kpax =30y

W, = 12375 _ 5380A.
2.3

Using Einstein photoelectric equation E =W, + K.,

hf, =W, +%mvl2 ..... 0)

hf, =W, +%mv§ ..... (i)
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1432 Electron, Photon, Photoelectric Effect and X-Rays

1 2h
= h(f, ~ )= > mOF -v3) = (6 ~v) = =2 (5, - )

By using E [l - i] = VO

e l4 A
S e SR 0
e (41 A
E(ii]:16 ..... (ii)
e |24 A
s
A 4.8
From equation (i) by (ii), 1—% =—= 1y =41

E =W, + K - From the given data E'is 6.78 eV’ (for A=
1824 A) or 10.17eV (for 1 =1216 A)
© W, =E-K,=6.78-53=1.48¢eV

or

W, =10.17-8.7 =1.47¢eV.

he E 4  3.32x10™ 4000
=== =

A E A& E, 6000

= Ef= 498 x107° g = 34eV;
3
Number of waves = Ll =10.25%10"
4000x107%°

Velocity of photon C =vA

= 1237;’ =1813 A ~1800A

Work function Wy =hv, =6.6 x10™ x1.6 x10%

=1.056x10%J =6.6eV
From E=W, + K.y = Ky = E-W, =1.4eV

poh e e g
A A

E:E Ey :3_00:3
A E, 150 1

If frequency of incident light increases, kinetic energy of
photoe]ectron also increases.

Photoelectric effect can be explained on the basis of spectrum
Of an atom.

12375 12375

p =2 = 22200 _ 5 0gev
4y 5420

£ _ 12375 _12375

——=———=247eV =25¢eV
A 5000

148.

149.

150.

151.

152,

153.

154.
1557

156.

@)

(©)

(d)

(d)
(b)

A,_\
o, o
RPN

e o
v\_/\c-:vxu—,

E
Momentum p = —= E? = p%c?
c

12375
4100

Work function of metal A and B are less then 3.01eV , so A
and Bwill emit photo electrons.

=3.01eV

Energy of incident radiations (in eV) =

2
max

From E =W, +%mv
1 2 1 2 .
= 2hy, =hy, +Emv1 = hy, =Emv1 ..... (i)

and 5hv, =hy, +%mv§ = 4hv, =%mv§ ..... (i)

2
Dividing equation (ii) by (i) [V—zj = 4
vy 1
= v, =2V, =2x4x10°% =8 x10°m/s

(Distance)

The value of saturation current depends on intensity. It is
independent of stopping potential

Number of photoe]ectrons

In tungsten, photoemission take place with a light of
wave]ength 2300 A. As emission of electron is inverse]y
proportional to wavelength, all the wavelengths smaller then
2300 A will cause emission of electrons.

Stopping potential = 1.8eV —1.2eV._=0.6eV.

-34 15
KAE. = h v Wi =8eV—(6X10 x1gp 10 ev]

1.6x107°
=8eV-6¢eV=2eV

X-Rays

:&753/&:0.247:0.25/&.
50x10

Xrays are electromagnetic waves of wavelength ranging from
o1 to 100 A,

Penetrating power is greater for lower wavelength.

A

min

From the formula
V= 12375 12375
"~ Amin 0.3094

Refer to the application of X-rays.

=39.99 kV =40kV

min

The vo]tage app]ied across the X-ray tube is of the range of 10
kV —80 kV.

In Xray tube, target must be heavy element with high me]ting
point.

v (Z-b)? =v=a(Z-h)?

Z = atomic number of element (a, b are constant).
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X-rays and gamma rays are electromagnetic waves.

12375 ; 12375

min _T 105
hc
Emax =T;

Since A A=0.123A

min

On putting the values. E,, =107 MeV.

hc

min =—— Wwhere A ¢ and e are constants. Hence
eV
1

j'minocv

Range of Xcrays is 0.14 to 100 A.

The production of Xrays is an atomic property whereas the
PrOduCtiOn 0{: }/ -rays is a nuclear Property.

min =% =0.30 A Hence wavelength less than 0.30
A is not possible.
hc
lmin = W
34
:D:MX—lom =6.6x10%?kg-m/sec.
A 0.01x10"

X-rays are absorbed by the target; they are not reflected by the
target.

Contiftuous spectrum /of X-rays consists (of radiations lof all
possible wavelength range having a définitesshort wavélength
limit.

i.e. Penetrating power o€ energy o Frequency

In general X-rays have larger wavelength than that of gamma
rays.

According to Mosley's law v = a(Z — b)2 and v o %

E=hv=eV=vaoV

E=eV =hv . = Vinax :%

hc hc
E=eV =hvyy=— = Ayy=—

max ﬂmin /1m|n eV
hc . . .
lmin = —V or ﬂ“min oC V On increasing potentlal, ﬂmin
decreases.
-19

vy eV . v, < SV _LOx10x42000 o,

h 6.63x10"

Nucleus of heavy atom captures electron of k-orbit. This is a
radioactive process, so vacancy of this electron is filled by an
outer electron and x-rays are produces.

Because they are e]ectromagnetic waves.

40.

4.
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48.
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68.

(©)

(d)

(b)

()

Vimax < ! Hard Xrays have high frequency and low
min

wave]ength.

X—rays are e]ectromagnetic in nature so they remains unaffected

in electric and magnetic field.

Xrays have high energy. They penetrate into the solid crystal
and used to find out the internal structure.

By changing the filament current with the he]p of rheostat,
thermionic emission intensity of X-rays can be changed.

Applied voltage must be greater than binding energy.

_ 12875 3004 ~0.31A
(40x10°)
p=C 12875 4 0495 A~0.5A
eV Vv
_he 12375 4. .y 212375 gop gy
Y \Y Ain A

Mosley's law is f =a(Z — b)?

The potential difference across the filament and target
determines the energy and thence the penetrating power of X
rays.

The energy of X-ray photon obtained from a coo]idge tube by
an eledtronic transition of target atom such as Ka line is

obtained from transition from) L orbit in K orbit.

v, 12375 A ].23753 _omA
\Y 30x10
n= 2375 A _0124 A
100x10
in = @ =0.025 nm
50000
Refer theory
With the increase in potential difference between anode and

cathode energy of striking electrons increases which in turn
increases the energy (penetration power) of X-rays.

The wavelength range of X-ray is 0.1 A -100 A

Energy E:hV:h% %=%=501£
2

Interatomic spacing in a crystal acts as a diffraction grating.

The wavelength of the jrays is shorter. However the main

distinguishing feature is the nature of emission.

NC v - wt

hv min V

=eV =

max
min
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Hard Xrays are of higher energy and the energy of Xrays
depends on the potentia] difference between the cathode and
the target.

Penetration is directly proportional to the energy of radiations.

Greater the number of electrons striking the anode, larger is
the number of X-ray photons emitted.

- 12375 AoV = 12375

=12.375kV ~12.42kV

=12375V

12375

EeV)=Tes

=7500eV =7.5 keV.

12375
n=—"A=3.09%x10"m
Target should be of high atomic number and high melting
point
Intensity of Xrays depends upon the number of electron
striking the target.

hc 6.6x10%* x3x10°

EE@V)=—=
V) el 1.6x10¥x1x107

=12375eV

When applied voltage is greater then energy of K-electron,
continuous and all characterstic X-rays are emitted.

=4

n=3

n=2

1ka ks | K,

When current through the filament increases, number of

=l

emitted electrons also increases. Hence intensity of X-ray

increases but no effect on penetration power.

_Ne N _i_32x107

= =7 _2x10% /sec
t t e 16x107°

Because X-rays are electromagnetic (Neutral) in nature.

_hc _6.6x*x3x10° 12375 12400 A
eV 1.6x107°V Vv Vv

Frequency of hard X-rays is greater than that of soft X-rays.

imin

_ 12375 V= 12375 _

in = 30kV
\ 0.4125

12375
min = ————— = 0.309 A~031A

40x10
_hc  6.6x10* x3x10°

=—= o = =0.123A
eV 1.6x1077 x100x10

j*min
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(d)

(b)

(b)
(d)

(b)

(b)

According to Mosley’s law v oc (Z—b )2

For Kk, line, b=1 and it has maximum frequency so
2

Vimax % (Z - 1)

The velocity of X-rays is always equal to that of light.

min BBy IBB e vas ke
hc .
Amin =—————; when KE (or €V) increases, 1
eV (energy)
decreases.

When a high energy electron incident on heavy metal, it
produces X-rays.

8
V:E:&:wlo”m
A 1x107%
/Iocizjgociz:voczz
Z v Z

hc _ 6.63x107* x3x10°
A 1.5x1071
_ 6.63x10™* x3x10°
1.6x107%° x1.5x107%°

eV =

=8280 Volt.

Required ionisation energy
ey 6.6 x 107¥,x 3%10°
A 154 x10°%°

e
Z-1* A4 | Z,-1

2 2
:&:(43—1j :(42j - 22:%/1.

J=12.9%10 %

2 l29-1 28

Critical Thinking Questions

For one second, distance = Ve]ocity :3><104m/SEC and
Charge

Q=ix1=10"°C. Charge density =
Volume

B 10°°
3x10* x0.5x107°

By law of conservation of momentum

=6.6x10"°C/m?3.

—

0=myv; +m,v, =>mv; =-m,V,

— ve sign indicates that both he particles are moving in
opposite direction. Now de-Broglie wavelengths

h A m,v
= and Ay =——; =T g
m; vy m,V, Ay My
hc h

ﬁphoton :E and ﬂproton =



a.
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iphoton 2m ﬁ'photon 1
= P o [ = P
E lelectron \/E

electron

(abe) K=E-W

(b)
(b)

(b)

(d)

LT =425- (W) (1)
T =(T-15)- 470 - (W) (i)
Equation (i) and (ii) gives (W)— (W) =195 eV

h 1
De Broglie wave length A= — = A« T

:,ﬂ_sz/ T
Aa To-1.5

From equation (i) and (iii)

W= 1225 eVand W = 4.20 eV.

= T=2eV

In the presence of inert gas photoelectrons emitted by cathode
ionise the gas by collision and hence the current increases.

For electron and positron pair production, minimum energy is
1.02 MeV.

Energy of photon is given 1.7 X 10°] = %
1.6x10™
=1.06 MeV.

Since energy of photon is greater than 1.02 MeV,
So electron, positron pair will be created.

According to Einstein’s photoelectric equation
1/2
he 2(he —74)
A mA

Cut 'off voltage s independent of intensity and hence*remains
the same. Since distance becomes 3 times, so intensity (O

b5
= =g+ Emvis V=
Ak A

|
becomes —. Hence photo current also decreases by this factor

i.e. becomes % =2mA.

1, hc hc 1 _
Emvmax 7_2 Emvmax

o-2) 1, 2hc (4o -4
= hc| M—o :Emvmax :>Vmax = MO

When wavelength is A and velocity is v, then

2he (4 7 i
i

34
When wavelength is e and velocity is v’then

hv-W, =

M} 0

V' = @ ﬂo
B BA14)x 4,

Divide equation (ii) by (i), we get
Vv _ [ -B214)]

v \/ 3 Jo—A
4

12

17.

(b)

(b)

(d)

(acd) P =VI

(©)

v v[ ) Vo -GA14) V->V(ij“2
3 Jo—A 3

Intensity of light

= Watt = n_hc => Number of photon n = M
Area AA hc
*. Number of photo electron = i X ﬂ
100 hc
_ 1 1x107x300x10°° _ 154102

100 6.6 x10™* x3x10°
By using hv —hvy = K.,

=h(v, —vy) =K, (i)
And h(v, —vy) =K, ()]
= Y1~ Yo :ﬁ:—,Hence Vo :—Kvl — %2 .

vo—vy K, K K-1

E=W, +eV,
For hydrogen atom, E=+13.6eV

L +13.6=42+eV

(13.6 —4.2)eV

=V, = 9.4V

Potential at anode = — 9.4 V

From Ao = 12375
WO
The maximum wavelength of light required for the
= 12375
photoelectron efmission, (1, )} = =% 5380A .
Similarly (4g)c, = 12375 =3094 A.

Since the wavelength 3094 A does not in the visible region, but
it is in the ultraviolet region. Hence to work with visible light,
lithium metal will be used for photoelectric cell.

AAm,c
Direction of scattered photon COS¢ =1-—=

Here AA=0.011 A

0.011x107°x9.1x107 x3x108
6.624 x10°%
=1-0.453=0.547

. ¢=cos1(0.547)

L coSgp=1-—

2d siné

Bragg's law, 2dsinfd =nA or A=

=1, (5IN6) g =1

For maximum wavelength, N,

Amax =20 or Ay =2x107cm =20A
=50x10°% x20x107° =1000 W

Power converted into heat = 990 W
MSAT =990= AT = 2°C/sec

h

—eV =4 = _0248x10"m
eV

min

Now
min

The wavelength of X-ray lines is given by Rydberg
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2

Formula l= RZ2 iz—i
A ng n;

For K, line, n; =1 and n, =2
1/2

Sror 3 sz

A 4 3RA

4
N {3 (1.097 x10"m™)(0.76 10 m)

1/2
} =39.99 ~ 40

If intensity of X-ray is decreased by d/ when it passes through
a length dx of absorbing material then, the amount of observed

intensity is u/ dx.
dl

Thus, —dl =l dx or —+ 4l =0
dx

On solving this equation / = Je*=le’  (x =d)

-34 8
L (6.6 ><1079 ) 3x10 219 &V _soler
A (0.021x10°°) (1.6x102)

Minimum wavelength of continuous X-ray spectrum is given by
. 12375 12375

oinA)y= ==
Amin(in 2 E(eV) 80x10°

Also the energy of the incident electrons (80 KeV) is more than
the ionization energy of the K-shell electrons (ie. 72.5 Kel).
Therefore characteristic X-ray spectrum will also be obtained
because energy of incident electron is enough to knock out the

~0.155

electron from K or L shells.

The wave length of L, line is given by

1 M) e 1
SERE AT S Ao
A ¢ )(22 32J oc(z-7.4)2
_ 2 _ 2
LA (@747 130 (42-74) s, ~541A

A (z,-T7.4) A (718 -7.4)?

de-Broglie wavelength A = , rms velocity of a gas
ms

particle at the given temperature (7) is given as

kT
%mvfms :%kT SV = 3T =MV =4/3mk T

- __h

ms 4/ 3MKT

/1_H_\/mHeTHe _J4(273+127) e

e N MuTh 2(273+27) \3

=

oo EZ _1x107x200x10"
hc  6.6x107* x3x10°

11
Number of electrons ejected = 107 =108

=1x104"

vo 9 _ (10% x1.6 x107°)x 9 x10°

= =3V
A7yt 4.8x1072

The momentum of the incident radiation is given as p =—.

A
When the light is totally reflected normal to the surface the
direction of the ray is reversed. That means it reverses the
direction of it's momentum without changing it’s magnitude

2h _2x6.6x10°*
A 6630x107%°

When a charged particle (charge g, mass m) enters
perpendicu]ar]y in a magnetic field (B’) than, radius of the path

L Ap=2p= = 2 X 10~ kg-m/sec.

described by it I = m—é =mv =qBr.
q

Also de-Broglie wavelength 4 = L
myv
f
= /’L:L :;ﬁ:qp p :l
qBr q 2

/1p ol
Jf?:\/%:a(ll—l) and JE:\/%:a(Z—l)

By dividing, % =%3\/§:%2Z:6

KE=2E-E=E (foro<x<1) = 4 h

L= —FE = or0 S x=< =

C J2mE,
h

KE =2 E (for x >1) = /12=—:>ﬁ:\/§.

,¢4m EO ﬂvz

Given mc = 0.51 MeVand v=0.8 ¢

K. of the electron = mc— mc

Bum=—2o Mo T M
J _v? | _(oscy Y036 06
C2 Cc

, 061
Now, MC* = —— Mel' =0.85 MeV
0.6
.. KE = (085 — 0.51)MeV = 0.34 MeV.
The deflection suffered by charged particle in an electric field is
_gELD qELD
mu?  p?/m

(p =)

qpmp : qdmd : qama
po P Pl

gm
= YOCF =YY iYe =

Since py =p =p (given)
m:m:mg=1:2:4and g :q :qgy=1:1:2
S Yy iYe=1X1:1X2:2X4=1:2:8
B°LD

Using z? =k(q jy; where k =

— . For parabolas to
m

k
coincide in the two photographs, the LL: | should be same for
m

BZ LDe BJLD(2e)
Emy E,m,

m (B ) (E) 1 9 2 1 9
= L= | x| = |x==Zx=Ex===
m, \B) |\E) 2 417274

According to the energy diagram of X-ray spectra

‘.'AE:E 2ﬁ.oci
A AE

the two cases. Thus,

(AE = Energy radiated when e jumps from, higher energy orbit
to lower energy orbit)
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[E—

(AE)kﬁ >(AE), >(AE),, A, >4, >y
Also (AE)kﬂ =(AE), +(AE)_,

hc hc hc 1 1 1
—_— e — = — =+
Ap Ay Ay Ap Ay Ay

. P -
By using | = K; where P = radiation power

nh n_IA

— PoiIxA= Mhc_ ., n_IAL
ta t hc

Hence number of photons entering per sec the eye

[gj _ 10 x10° x5.6x10”"
6.6x107%* x3x10°8

= 300.
t

AL = /".Ka — Amin When Vis halved A;, becomes two times

but ﬂK remains the same.
a

A= A, —22min = 200~ Ay,

AA'< 2(AA)

Energy of photons corresponding to light of wave length A =

o 12375

2475 Ais E; = ———=5eV.
® 7T 2475

and that corresponding to A = 6000 Ais

, = 12375 — 2066V

6000

AsE <Wand E>W

Photoelectric emission is possible with A only. Maximium
kineti¢ energy of emitted photoelectrons K="E"="W/|= 5 —4.8 =
0.2 eV

Photo electrons experiences magnetic force and move along a
circular path of radius

o y2mk _ V2x9x107 x0.2x1.6x107
0B 1.6x107° x3x107°

=0.05 m=5 cm.

Number of photoe]ectrons emitted up to £ =10 sec are

(Number ofphotons per unitarea
per unittime) x (Area x Time)

n=
10°

= % [(10)*® x(5x107*)x (10)] = 510"

At time £ =10 sec

Charge on plate A; g = +ne =5 X 100 X 1.6 X 10
=8X10:C=8 pC

and charge on plate B; g =33.7 — 8 = 25.7 pc

Electric field between the plates

£_@-0)_  (257-8)x107"
26,A 2x8.85x107? x5x107*

:2x103ﬁ.
c

As we know in Young's double slit experiment fringe width =
separation between two consecutive fringe or dark fringes

AD
I

Here f =2y = 2y:/1d—D = l:%

_ 2x1x107°x0.24x10°°

= 1 =4x10"m = 4000 A
1.2
Energy of light incident on photo plate
EEV)= 12375 =3.1eV
4000

According to Eienstein photoelectric equation

by o vy~ ETW) (G222
e e

E_ 12375
5000

So the minimum intensity to which the eye can respond

=2.475eV ~4x107%°]

IEye = (Photon flux) x (Energy of a photon)

= lgy, =(6x10%)x(4x107)= 2x10™ W /m?)

Now as lesser the intensity required by a detector for detection,
more sensitive it will be

SEye _ IEar _ 10713

Sewr  lgye  2x10%

detector, the eye is five times more sensitive than ear.

=5 e as intensity (power)

Due to 10.2 eV photon one photon of energy 10.2 eV will be
detected.

Due to]5 eV photon the electron will come out of the atom
with_energy (15 - 13.6) = 1.4 eV.

m P .®_F BRER B

. Graphieal,Questions,
Velocity of photon (ie. light) does not depend upon frequency.
Hence the graph between velocity of photon and frequency will

be as FO“OWS

Velocity of photon (c)

Frequency (V)

De-Broglie wavelength A =— = 1o —
p p

i.e. graph will be a rectangular hyperbola.

The stopping potentia] for curves a and b is same.
fa = fb
Also saturation current is proportiona] to intensity
I, <1,
According to Einstein equation
hv=hvy+K,sx = Kpx =hv—-hyyon comparing it
with Y =MX +C, it is clear to say that,

This is the equation of straight line having positive s]ope (ﬁ)
and negative intercept (1) on KE axis.

Comparing Einstein’s equation

KmaX:hV—hVO,with y=mx +C,wegets]ope, m=h



(d)

(b)
@

@)
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h hv,
=hv-hvy, = eVy=hv-hyy= Vy =—v-—2

e e
Comparing this equation with y=mX+C, we get s]ope

h
m=— = h=mxe.
e

K

max

o h) W,
Using Einstein’s equation, Vy =| — |[v ——
e €

Comparing this equation with Y =mX +C

. W
We get intercept on — V axis = —
' e

= OB:m = W, =0Bxe
e

From the given graph it is clear that if we extend the given
graph for A and B, intercept of the line A on V axis will be
smaller as compared to line B means work function of A is
smaller than that of B

Wavelength 4, is independent of the accelerating voltage (1),
while the minimum wavelength A is inversely proportional to

V. Therefore as V increases, ﬂk remains unchanged whereas

A decreases or 4, — A, will increase.

In X-ray spectra, depending on the accelerating voltage and the
target element, we may find sharp peaks super imposed on
continuous spectrum. These are at different wavelengths for
different elements. They form characteristic X-ray spectrum.
Photo current (7) directly proportional to light intensity (/)
falling on a photosensitive plate. = iocl

Aéeording to/Einstéin’s éqtiation

h W
hiw ik =V, 2 = |lv- =2
e e
This is the equation of straight line having positive slope (//e)
W,
and intercept on -V, axis, equals to —
€

In photocell, at a particular negative potential (stopping
potential V) of anode, photoelectric current is zero,

At the potential difference between cathode and anode
increases current through the circuit increases but after some
time constant current (saturation current) flows through the
circuit even if potential difference still increasing.

Stopping potential does not depend upon intensity of incident
light (7).

Stopping potential is that negative potential for which photo
electric current is zero.

h

W,
VO = (—j V= [—Oj . From the graph V2 > Vl
e e

L Wby W

=V, >V
[ e e

1
=>4 >4 (as A=)
14
1 . .
I oc —- and photo current ioc | = Toc —
d d
hv=hvy +KE .x = KEx =hv—hy,
On comparing this equation with Y =MX +C we get

m = h = Universal constant

20.

21

22,

23.

24.

25.

26.

27.

28.

29.

30.

3L

(b)

(b)

¢ 3x108
%:__

vo 5x10%

Work function is the intercept on K.E. axis i.e. 2eV.

=6x10"7"m =6000 A

From the graph stopping potential V£ -V

Also k = (VjeV = 4eV.
By Moseley’s law, Vv = a(Z — b) or, V= az(Z — b)2

Comparing with the equation of a parabola, y2 =4ax it
conforms to graph c.

hc 1

n=— DAxc—

imln eV V
Ay, > A (see graph) =V, >V,

\/; =a(Z —b) Moseley’s law

v (Z-1)%= /‘Loc;z ('.'voclj
(z-1) A

A > A, (see graph for characteristic lines) = Z, > Z, .

Knax =hv—hy, = % —% ie. graph between K. and

h
% will be straight line having slope (/c) and intercept ﬂ_c on
0
— KE axis.

V varies from 0 to Viax -

hc hc
Ammin = = 109. 4y = Iog?—logv

h
= 1094, =~ 10gV4 Iog—c
e
This is the, equatiofi of straight line having slope (-1) and

, hc ,
intercept |0g— on +Ioge ﬂmin axis.
e

For Kyline voc (Z-172 = A« Z 17

i.e. the graph between A and z will be (¢).
h

S]ope of VO —V curve = —
e
= h =Slope x e=16 X 10"X 4.12 X 10
=6.6x107* J-sec.
(riocl)

and stopping potential does not depend upon intensity. So its

Ip > 1, (given) =i>i

value will be same (VO) .

Slope of V— v curve for all metals be same [—J ie curves
e

should be parallel.
h h 1

——— ——. Taking |
J2mE Jem JE O E %

h 1 h 1
logA =log——+log— = logi =log———-=10ogE
g g > g = g g > 5 g

vam VE J2m

= logl = —%IogE +log

of both

sides

h
v2m
This is the equation of straight line having slope (-1/2) and

positive intercept on ]og A axis.



32.
33.

35.

36.

37.

38.

(b)

()

(b)
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v« (Z-b)
Peak of K, is greater than peak of Kﬂ]ine.
Favpf2y

1
" X oc —. The ion whose deflection is less, its velocity will be
'

more. From the curve Xy <Xy < X3 <Xy, therefore

V>V, >V >V,

All the positive ions of same specific charge moving with
different ve]ocity lie on the same parabo]a.

hv  hy,
The equation of curve between Vand vis — —-—0 = V-
e e

This is equation of a straight line with slope = —.
e
Stopping potential equals to maximum kinetic energy.
Since stopping potential is varying linearly with the frequency.

There fore max. KE for both the metals also vary linearly with
ﬁ‘equency.

Assertion and Reason

Momentum of a photon is given by p = —

A

Also the photon is a form of energy packets behaves as a
hc E
particle having energy E = PR So p=—
c

Photoelectric effect demonstrates the particle nature of light.
Number of emitted photoelectrons depends upon the intensity
of light.

Charge does not change with speed but mass varies with the

m
Speed as per re]ﬂﬁon ms= 9 . Hence Speciﬁc C]'lElrge
\

c2

e/m decreases with increase in speed.

1=

X-rays lies in e]ectromagnetic spectrum.

hv h
m=-—=— and E=mc?.
c? ca
KE=hv-hv,;, ie, KkE
depends upon the frequency. Photoelectron emitted only if
incident ﬁ'equency more than threshold ﬁ'equency.

Mass of moving photon

According Einstein equation

The atomic number (number of electrons or protons) remains
same in isotope. Isotope of an element can be separated on
account of their different atomic weight by using mass
spectrograph.

The specific charge (€ /M) of the positive rays is not universal

constant because these rays may consists of ions of different
element.

Less work function means less energy is required for ejecting
out the electrons.

de-Broglie wavelength associated with gas molecules varies as

doc

\/?

If electron is moving parallel to the magnetic field, then the
electron is not deflected ie, if electron is not deflected we
cannot be sure that there is no magnetic field in that region.

At normal pressure positive ions and electrons liberated by
ionisation of gas atoms, due to cosmic rays are very small in
number and they collide constantly with the gas atoms which
are present in large numbers, and hence are unable to move a

20.

21.

22,

23.

24.

25.

(d)

()

()

(b)

(d)

(b)

(b)

long distance under the electric field and soon get recombined
i.e, flow of ions in the gas does not take place.

Light is produced in gases in the process of electric discharge
at low pressure. When accelerated electrons collide with atoms
of the gas, atoms get excited. The excited atoms return to their
normal state and in this process light radiations are emitted.

The discharge depends on both pressure of discharge tube and
ionisation potential of gas. Since the ionisation potential of
different gases are different, hence the discharge in different
gases takes place at different potential.

If electric field is used for detecting the electron beam, then
very high voltage will have to be applied or very long tube will
have to be taken.

Specific charge of a positive ion corresponding to one gas is
fixed but it is different for different gases.

In Millikan’s experiment oil drops should be of microscopic
sizes. If much bigger oil drops are used, then a very high
electric field will be required to balance it which is not possible
to achieve practically.

4
Further, the §7Za3g

apparent weight of the quuid

(pliquid - o-air) =67ary.

If ais large, V will be large and the experimental errors will be

high.

Only the photoelectrons emitted from the surface of the metal
have maximum kinetic energy. Those emitted from inside the
metal loses part of their energy in collision with the other
atoms inside the metal.

On increasing the intensity of incident light, the current in
photoelectric cell will increase. Thé" energy of the photons

(hwy"will, howeVerinotdncrease with'inétéaselin intensity, and

hence the kinetic energy of the emitted electrons will not
increase.

When a light of single frequency falls on the electron of inner
Iayer of meta], then this electron comes out of the metal
surface after a large number of collisions with atoms of its
upper layer.

There is no emission of photoelectrons till the frequency of
incident ]ight is less than a minimum ﬁ'equency, however
intense light it may be. In photoelectric effect, it is a single
particle collision. Intensity is hvxN, where hv is the
individual energy of the photon and N is the total number of
photon. In the wave theory, the intensity is proportiona], not

only to v but also to the amplitude squared. For the same
frequency, increase in intensity only increase the number of
photons (in the quantum theory of Einstein).

The photoemissive cell may be evacuated contain an inert gas
at low pressure. An inert gas in the cell gives greater current
but causes a time lag in the response of the cell to very rapid
changes of radiation which may make it unsuitable for some
purpose.

Wavelength of Xrays is very small (= A). Hence they are not

diffracted by means of ordinary grating. X-rays follows the
Bragg’s law.

The penetrating power of Xrays depends upon the voltage
app]led across the tube producing X—rays. A/-rays can pass
through matter of lighter elements such as flesh (which is
composed of oxygen, hydrogen and carbon) but cannot pass
through substances made of heavier elements like bones (which
are made OF p]’losp]’lorus and Calcium).

Intensity of Xrays (1) is proportional to the filament current
and also to the square of the voltage. It is well known that
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intensity of X-rays depends on the number of photons emitted
per second from target.

26. (b) When fast moving electrons strike the atoms of the target, then
most of their kinetic energy is used in increasing the thermal
agitation of the atoms of the target and only a small part is
radiated in the form of X-rays. So the temperature of the target
rises.

27. (e) Higher is the wave]ength of X-ray, lesser is the Frequency and
penetration power.

28. (a) The distance between the atoms of crystals is of the order of
wave]ength of X—rays. When they fall on a crysta], they are
diffracted. The diffraction pattern is helpful in the study of
crystal structure.

29. (b) In photoelectric effect, the photon falling on some matter is
absorbed by the matter and its energy is transferred to an
electron of the matter. In Xray production, photons are
produced which get energy from energetic electrons ionising
the inner shells of the target which in turn cause a cascade of
emission lines.

30. (e) Soft and hard X-rays differ only in frequency. But both types of
X-ray travel with speed of light.
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Electron, Photon,
Photoelectric Effect and X-rays

Which of the following will have the least value of a4
m

(@) Electron (b)
(d) P-particle

When green ]ight is incident on the surface of metal, it emits photo—

Proton

(c) o-particle

electrons but there is no such emission with yellow colour light.
Which one of the colour can produce emission of photo—e]ectrons

(b) Red
(d) None of the above

(a) Orange
(c) Indigo
An electron is moving through a field. 1t is moving (i) opposite an

electric field (i) perpendicular to a magnetic field as shown. For

each situation the de—Brog]ie wave ]ength of electron

N
-> v
vy € ()
<« ©e
- -
E B

(@) Increasing, incrﬁ)asing (b) (_,gncreasing, decreasing
n

(c) Decreasing, same (d) Same, Same

The figure shows different graphs between stopping poténtial\ (Vy)

and frequency (V) for photosensitive| surface of cesium, potassium,
sodium and lithium. The plots are parallel. Correct ranking of the
targets according to their work function greatest first will be

5.0 5.2 54 5.6 5
(a) (l) > (ii) > (iii) > (iv)
(e) (iv) > (iii) > (i) < (i) (d)
The K

- v
® 0> 6@ @)
(i) = (iii) > (i) = (iv)
o X-rays arising from a cobalt (z = 27) target have a
wavelength of 179 pm. The K, X-rays arising from a nickel target
(z=28)is

(b) <179 pm

(d) None of these

(@) >179 pm
() =179 pm
If a voltage applied to an X-ray tube is increased to 1.5 times the
minimum wavelength (4;,) of an X-ray continuous spectrum shifts

by AL =26 pm. The initial voltage applied to the tube is

(@) =10 kV (b) =16 kV

() =50kV d) =75 kv

Light of wave]ength 2475 A is incident on barium. Photoelectrons
emitted describe a circle of radius 100 cm by a magnetic field of flux

ET Self Evaluation Test -25

density \/% %107° Tesh. Work function of the barium is (Given
£ _1.7x10%)

m

(a) 1.8 eV B -

(b) 21eV Jf‘— e

() 45eV /

d) 33eV T Barium

Five elements A, B, C, D and E have work functions 1.2 eV, 2.4 eV,
3.6 eV, 4.8 eV and 6 eV respectively. If light of wavelength 4000 A
is allowed to fall on these elements, then photoelectrons are emitted
by

(@) A Band C (b) A B GDandE

(¢) Aand B (d) Only E

If light of wavelength 4, is allowed to fall on a metal, then kinetic
energy of photoe]ectrons emitted is El L OIf wave]ength of ]ight

changes to A, then kinetic energy of electrons changes to E,.

Then work function of the metal is

(a) El EZ(ﬂi — 1’2) (b) Elﬂ'l ™ EZ)I’Z
v (h = 4)
(C) El/Il - EZX'Z (d) 2CI.2’2 ElEZ
(22 = 41) (4 = 4)

If maximum velocity with which an electron can be emitted from a
photo cell is 4 ><:|.08 cm/sec, the stopping potentia] is (mass of
electron = 9 x 10* kg)
(@) 30 volt (b) 45 volt
(c) 59 volt (d) Information is insufficient

Three partic]es having their charges in the ratio of 1: 3: 5 produce
the same spot on the screen in Thomson’s experiment. Their masses
are in the ratio of

(@) 5:3:1 (b) 3:1:5

() 1:3:5 (d) 5:1:3

If the momentum of an electron is changed by Ap, then the de-

Broglie wavelength associated with it changes by 0.50%. The initial
momentum of the electron will be

Ap Ap
Q) —— b) ——
@) 200 ®) 199
() 199Ap (d) 400 Ap

1f 10000 V'is applied across an X-ray tube, what will be the ratio of
de—Brog]ie wave]ength of the incident electrons to the shortest

wavelength  of X-ray produced electron s

€
(—  for
m

1.8x10" ckg™)
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(@) 1

() o2

(b) o0a
(d) 0.3
Two large parallel plates are connected with the terminal of 100 V
power supply. These plates have a fine hole at the centre. An

electron having energy 200 eVis so directed that it passes through

the holes. When it comes out it's de—Brog]ie wavelength is

s
(a) 122 A ) —
e
(b) 175 A O s
v
(C 2 A 200 e

)
(d) None of these

- 5
According to Bohr's theory, the,;rrm'r‘.hjm'bi'gave definite

energy values, then according to uncertaiq% R}‘incip]e, the life time

of an excited state will be
(@) Zero (b) Finite
(c) 10° sec (d) Infinite

Monochromatic light of wavelength 3000 A is incident on a surface
area 4cm. If intensity of light is 150 mW/m, then rate at which
photons strike the target is

(@) 3 x107/sec (b) 9 x107/sec
(¢) 7 x10/sec (d) 6 x107/sec
For characteristic Xray of some material

(@) E(K,)<E(K,)<EK,) (b) EK,)<E(L,)<EM)

© AMK)SAUKR $AK) L @) AM,) £4lls) £ AK,)

18.

20.

il

The maximum velocity of electrons emitted from a metal surface is
V. When frequency of light falling on it is £ The maximum velocity

when frequency becomes 4fis
(@ 2V (b) 2V
() <2V (d) Between 2 Vand 4 V

If the potential difference between the anode and cathode of the X-

ray tube is increases

P A —

(@) The peaks at R and Swould move to shorter wavelength

(b) The peaks at R and Swould remain at the same wavelength
(c) The cut off wavelength at Pwould decrease
(

d) (b) and (c) both are correct

The collector plate in an experiment on photoe]ectric effect is kept
vertically above the emitter plate. Light source is put on and a
saturation photo current is recorded. An electric field is switched on
which has a vertically downward direction

(@) The photo current will increase
(b)  The kinetic energy of the electrons will increase
(c)| The stopping potential will decrease

(d)" Thesthreshsld wavelengthuwill inéfease

g Answers and Solutions

(c) Mass of a-particle is maximum so (Ej is least.
a
() Wave length of green light is threshold wave length.
Hence for emission of electron, wave length of incident light <

wavelength of green light.

(SET-25)

(c) ﬂv:L.
mv

changing in case (ii). Hence, in the first case de-Broglie
wave]ength will change, but it second case, it remain the same

Since v is increasing in case (i), but it is not

(c) The graph between V and v cut the v-axis at V.
For the given graphs (Vo)) > (Vo)aiy > (Voday > (Vo)
(W) (W) > (W) > (W)
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o

(b)

(b)

(©)

(©)

(©)

(b)

(b)

et i
(Z-1 e

Aa

2 2
_ Zeo —1 _ 27 -1
Zyi -1 28 -1

2 2
= Iy :(gj x%o{gj x179 =165.9 pm <179 pm .

hc hc
LN S LA B L
ey & ev, 2T ey,

he| 1 1
A=Ay -l =—|———|.Given V=15 V
eV, V; ‘ ‘
on solving we get V' =16000 volt =16 kV.
Radius of circular path described by a charged particle in a

V2mK
gB

magnetic field is given by I = ; where K = Kinetic

energy of electron = —
2m 2

2p2,2 2.2
K - OB :[ejeBr
m

—%xl.7><1011><1.6><1019><(
=8x10°J=05eV
By using £= W + K_

= WOZEmeax:(

£ _ 12375

4000
incident ]ight > work function.

12375
2475

jev —-0.5eV =4.5eV

= 3.09eV Photoelectrons emits if energy of

E=W +K= E=WQ+E1 and E=WO+EZ
A A,

= hc=Wy4, +E 4, and hc =W, 4, + E;Z,

E4 -E4 )

= Wo4 + E4 =W A, + E; 4L, = W, = o =2
2

v =4 X 10 cm/sec = 4 X 10" m/sec.

1 .2

KmaX:Emv :%x9x10’31X(4><106)2

max

=72 %107/ =45 eV.
K

max

45eV

Hence, stopping potentia] | VO |: =———=45volt.
e

. . e .
Since spot is same, hence — should be same i.e,

Asg:q:g=1:3:5.Hence m: m: m=1:3:5

h 0.5 h 1991 h 199 h
A=—2A-——»~1= = = =" _
p 100 p+Ap 200 p+Ap 200 p
200
= p+AP=——p = p= A
p+Ap 199P P =199 Ap

1
For the incident electron E mvZ=eV or p2 =2meV

h

1/2m eV

h
.. de-Broglie wavelength A’.L =—=
p

hc
Shortest X-ray wavelength ﬂz = T
e

20.

*k*

(d)

(b)

[10* 1
A 1 [V(e) V2 x1.8 x10
2, c\Yl2){m) " 3x10°

Energy of the electron, when it comes out from the second

plate = 200 eV — 100 eV =100 eV

Hence accelerating potential difference =100 V
12.27 12.27
Jv V100

According to Bohr's theory AE = 0, since AE-At > h
= At—> ©

-3 —4 -7
E,IA’?':]-SOX]-O x4 x107" x3x10 =9X1013i

t hc 6.6x10 % x3x108 sec
E(K)) > E(Kg) > E(K,) = AUK,) < AUKg) < AUK,)

E=W, +%mv§m = Viax = 1’—2(hf Vo)
m

If frequency becomes 4fthen

v [2(hx 41 —Wy) _,
m

Peaks on the graph represent characteristic X-ray spectrum.
Every peak has a certain wavelength, which depends upon the
transition of electron inside the atom of the target. While

Amin depends upon the accelerating voltage (As. A, o< 1/V ).

=0.

=1.23A

Aglectron =

In electric field photoelectron will
expel'ience Force and aCCe]eTate opposite
to the field so it's KE. increases (re.
stopping potepitial “will " increase), no
change  in photoelectric current, and

threshold wavelength.




