) T QRO OXporimOnT, The SR umina y hgm ™ \\a\mkf@h dOd M, The Ty minimamat | ;
the pattern Rl a8 = S0 Calvulite 1he Widih ot ihe Wi, j
(B) Show That the angular Width oF the it diihiaation fringe is haltoTThet o the ammsil Frings. 4
©) Wa MONOThroMATY SR of TR TPIAE Dy Whitd Tipht, whnt Shangs wonld ¥on asemve mzﬁv ;;

Jdiffhaction panon?

A, «(a‘; T Young's double slit dxparimant, domva e condition o Q) donEaative fnnforen and gm ] ;
0 A0SURtVe INRITRRN0D A A POIHL OR THR SRR,
».'@33\ baam of Hght consisting f Two wavalongihs, §00 tm and £00 nm s wsod 1 abtain ihe inerkmence |
 nnges A Young's doudbke shit @\m;m‘ ALONR & SOR0R P 1.4 ™ away, T1he Two T are sopomard §
By Q.23 mim, akoulate e ons distance Trom The coitral Drghtinasimisnm whise The SHzht Tringess aTthe §
W WATRNGIS AR, - i
SEXpPIAIN BRAYEN'S PHHTIPR. Nama the types of waveTrinis that dotrespants 1 ahanm ot fiaht i
(R) 20N THOM RCONVAN 1ons Whin POInT soue placed at Focus. :
XM Trom vary Tar MY soure, -
Q) Comng Tram & convex 1R 31t = 1.1 Whon Paint soured Placad fitits Tovus invide water 47 1.33
wave fhont from a Jistan souree all wu\mdwn\m W an qumhrnl hollow prism placed] n Side waer,

1. Essential condition for Jiffractiaon the size of the oh\‘melc Jr aporore (§HY) Tist hezampamblk o ahe
wavela ng:h m [the light boing usad. Faranother par ol thd questioR Tei 1he Qs The Shapey

2)ar ==l 3 @= D= Al e0sy =2,

b No mmﬂ\ren 02 pattern dbserved yprar = 24y

Q)dsin 8 = 104, find § using this Tormala s Angular width A8 n%

d) distance = |yg — v Ans~ 32D [2 a

3. 2) Condition for minimay asind =nA  use this irmula o finda=121m

b) Condition for first minimum, &sind =3, §; = % By = -%

Angular width=28, = 24/, i

<) The central maximum Will remain white, secondaty maxima will become eolord Tingsand Ihe |

overlapping of ditferent colored secondary maxima will incrense. '

4. @) Refer 1o the gistof this chapter

bYHere y; = ¥, 1o find the drder of the bright Tringes. Then calzulate the position ol this coinciding Trings 3

using both pairof values, Ans:12 im

5. Refer 1o the gist df this chaprer for Ruygen’s principle

2) plane wavefronts  b) plane wavefronts ) Using lens maker's Tormuln, wewill Find that ters will

} behave diverging. So we getdiverging wavefront @) Plane waveirom

CASE STUDY/PASSAGE-BASED QUESTIONS i
1. Interference of light- 1f'double slit apparatus is immarsed in 2 liquid of refractive indox e, thewovslenoth §
of light reduces 1o Mpand fringe width also Teduces 10 f'=B/n. The given Tiours shows = ﬂmm“&\&u 3
experiment in which coherent monochromatic Tight of wavelenath A |
from a distant source is incident upon the two 3, 2ach of width w {w \] R
>> ) ) and the interference pattern is viewed on-a distant sereen. A thin “f‘“ 7 e
piece of glass of thickness 1 and refractive index n is placed between one »l -
of the slit and the screen, perpendicalar 1o the light path. ,‘l_ﬁl"
@) In Young's double slit interference pattern, the angular fringz width q

{(a) can be changed only by changing the wavelength of intident light




& Cos DR SIS
{BY can be changed caly by changing te Sﬁ?mm ° - ﬁx: ;‘iif:rrrﬁ SECEraicn
(<) can be chunged eititer by chunging He wavelengi or B T
between twe SQUITES 5
(@) is 2 universal constnt and henes camat < c{%:znges- smeiitade due to €5 become o s,
(D) If the width w of one of the slits is increzsed 1© W The zmp {i‘-ﬂﬁ‘& S R e
@) [ a2 Pz N w‘f;:; e dices my g
(iif) In YDSE. fet A and B be two slits. Films of thicknesses G 200 & ?ﬁhlm““fm‘f— ’*'; 5 L annd g
 pluced in font of A and B. respectively. I uxtpnte thers the cenfral max e
{a) not shift {(B) shift towards & {cy skift towards B
() shift towards A if ta > tx and shift owerds B ifite f Ly | s
(iv) In Young's double slit experiment. @ third siit is made i befween the doebie sits. Then
(a) fringes of unequal width are formed.
(B) contrast between bright and durk finges is reduced
{c) intensity of fringes totally disappears
{d) only bright light ts cbserved on the screen
(v) In Young's double slit experiment. it one of the slits is covered withi 2 pHcrascope cover dip, tasy
(a) fringe pattern disappears
(b} the screen just gets ilfommated
(c} in the fringe pattern. the brichtness of the bright fringes will decreases znd e dark
fringes will become more dark
(d) bright fiinges will be more bright and dork fringes will becorme more dark
2. Read the following case/passage and answer the following questions:

-t
Huygen's principle is the basis of wave theory of fight. Each point en z 2,
wavefront acts as z fresh source of new disturbance:. ezlled secondzry "ﬁj;;:é,
waves or wavelets. The secondary wevelets spread out in eIl directions with %‘:Z%a —m..,:
the speed light in the given medium. An infiizlly paralle] cylindrical beznz ‘Ef;g o
travels in 2 medium of given refractive index , I is the intensity of the et #27 Loy
. beam. P = AU ' v o
(i) The initial shape of the wavefront of the bearm from the sun is "/:/ Sy
(a)Planar (b)convex {c) concave {d)splvericel €
(ii} According to Huygens Principle. the surfzce of constant phase is
(2} called an optical ray (b} called 2 wave
(b) (c)called 2 wavefront (&) called z waveler
(i1} As the parzllel beam enters the denser mediom, it will ¥
(2)becomes narrower (b} diverges (c ) converges (&) becomes brozder

(iv) Two plane wavefronts of light, one ncident ou 2 thin convex lens and znother on e r=fractns Hrzof 2
(a) plane wavefront and plane waveftont () plane waveffons and sphericel weseiront
- { ¢} spherical wavefront and plane wavefront  (d) spherical wavetront and spherica] wawefont
(v} Which of the following phenomenz support the wave theory of ligkn?
I. Scattering 2 Interference 3.Diffraction
4.Velocity of light in a denser medium is less than the velocity of ight i the rrey medeerm
(@) 12,3 (b)1,24 (234 (D34

3.Read the following case/passage and answer the following questions:




The phenomenon of bending of light around the sharp corners and the

spreading.of light within the geometrical shadow of the opaque e b
OWI& is called diffraction of light. The light thus deviates from ' -l
its linear path. The deviation becomes much more pronounced,

when the dimensions of the aperture or the obstacle are comparable
to the wavelength of light.

(1) Light seems to propagate in rectilinear path because

a) itsspread is very large

b) its wavelength is very small

c¢) reflected from the upper surface of atmosphere
d) itis not absorbed by atmosphere

(ii) In diffraction from a single slit the angular width of the central maxima does not depends on

(a) Aoflight used (bywidth of slit
(c) distance of slits from the screen  (d) ratio of 2 and slit width

" (iii) For a diffraction from a single slit, the intensity of the central point is

(a) infinite

(b) finite and same magnitude as the surrounding maxima

(c) finite but much larger than the surrounding maxima

(d) finite and substantially smaller than the surrounding maxima

(iv). Resolving power of telescope increases when

(a) wavelength of light decreases (b) wavelength of light increases
(¢) focal length of eye-piece increases  (d) focal length of eye-piece decreases

(v) In a single diffraction pattern observed on a screen placed at D metre distance from the slit of width'd

metre, the ratio of the width of the central maxima to the width of other secondary maxima is ( approx.)

(2)2: 1 (b) 1:2 ©1: 1 (d)3: 1

. Answers: | i) ¢, Direct formula 8= A/a

3.

ii) c, Intensity o Area of slit
iii) d, Solve using Shift = (p-1)tD/d
iv) b, Third slit also act like a coherent source and contribute in superposition
v) a, It is opaque , we will get lidht from one slit only
i) d. Sun is spherical source ii) ¢, Definition of wave front
iii) d , Can be seen by diagram iv) c, First is converged , Second remains as it is
v) a, General concept
i) a, General concept ii) ¢, Direct formula 26 =2 A/a
iii) ¢ , General concept iv) a, Resolutiona 1/ 4
v) a, General concept '




CHAPTER-11: DUAL NATURE OF RADIATION AND MATTER

Dual nature of radiation, Photoelectric effect, Hertz and Lenard's observations; Einstein's photoelecty:
equation-particle nature of light, Experimental study of photoelectric effect Matter waves-wave naturerlc
particles, de-Broglie relation, 2]

MINDMAP

[ DUAL NATURE OF RADIATIDN AND MATTER J

[ |
[ Electron Emisslan ] [ Photaelectric effect J Matter Waves
I

lenard's Experiments

.

Thermionic
emission

|| . Ha ]

de-Broglie’s Wave equation

Wt
[ [ | P

Photoelectric Etfect of intensity Effect of potential . } Effect of frequency

emission

I R T | i

o

Haneh 2 rm—

Fleld emission

o ElectricFiald

Secondary YINSTELV'S PEOTOZLECTRIC
emlssion Koz = hv = hvo=h(v = va)
. ..Coltission

GIST OF THE CHAPTER

s Electron Emission: The phenomenon of emission of electron from a metal surface.

1. Thermionic emission (when metal is heated) '

2. Field emission: (by applying very strong electric field to a metal)

3. Photo-electric emission (when light of suitable frequency illuminates a metal surface)

e  Work Function: The minimum amount of energy required to be given to an electron
to escape from the metal surface. It is generally denoted by ¢o and unit is electron volt
(eV). '

R S s > ]



1eV=1.602x10"]

Work function of platinum is 5.65 eV (metal having highest work function)
Work function of caesium is 2.14 eV (lowest work function)

o Photoelectric Effect: The phenomenon of emission of

ﬁ liveidetat ligh
electrons from the metal surface, when light of suitable
frequency illuminates it. (Discovered by Heinrich —Smhexe

3 j'!\"”‘”lm
Hertz) T — (N
" » Lenard’s Experimental setup: ™
. L " "}’p iva
« Effects on Photoclectric Current '

Effect of intensity: Photoelectric current increases lin
frequency and voltage constant.
2. Effect of potential.

eatly with intensity of incldent light, keeplhg

* Increasing positive potential increases current until saturation.

* Negative retarding potential decreases current. At a certain ne
becomes zero.

* Stopping Potential (Vo): Minimum negative potential to stop photoelectric current fot a glven lrequsney. =

Independent of intensity, depends only on frequency. - Kinctic energy and stopplng potentiuli Ky = oVo
3. Effect of frequency:

gative vollngc (stopping potentlal), cutrent

Greater frequency — greater stopping potential —

greater K
Saturation current remains same (constant intensity)

ste viectsir Photo electric
] unent rirent
T m»n el
3 :
[

- )
&3 s

mﬂ\l\" ey = W, r V'_.I-VJ. leq le| 0 W

= Prtariing petesiiel A puitwild Vot s Relanding potential Annde putesiilel Veded
Laws of Photoclectric Effect

1. Photoelectric current « intensity of radiation (fixed frequency)

2. Saturation current « intensity; stopping potential is independent of intensity.
3. No emission occurs below threshold frequency (vo).

4. K  frequency of incident radiation (v); independent of intensity.

5. Photoelectric emission is instantancous (dclay = 107 5)

e Failure of Classical Theory: Wave theory predicts electron absorbs energy continuously
Contradictions: a. Kma Should depend on intensity (observed: depends on frequency)

b. Any frequency should cause emission (observed: only above threshold frequency)

c. Should be delayed process (observed: instantaneous)

e Einstein’s Photoelectric Equation: Photon encrgy = hv = Kmac + §o = Kinax = h(v = vo)
= Explanation Laws of Photoelectric Effect:

- Intensity increases photon number — increases current. - v < Vo

—negative K which is impossible — no emission. - Photon- "“A,".;"f;'m
electron interaction is instantaneous — no time lag.

» Graph (freq vs Stopping potential) : Vo = (W/e)v — ¢o/e — straight ° o’ Ve Vreaneney 1139
line. Slope = h/e, y-intercept =~ ¢o'e v

Particle Nature of Light L

» Light interacts with matter as photons. ;




* Photon energy: hy, momentum: hv/e
* Photon: no chirge, not deflected by 12 or B fields
* I"hoton collislons conserve energy and momentum, but number of photons may change.
« Compton scattering confirmed particle nature of light,
» Dunl Nofure of Radintion
+ Wave nature: Interference, diffraction, polarisation, - Particle nature: Photoelectric effect, Compton
seattering, = Light shows wave-particle duality
v Dupl Noture of Matter; Louls de Broglie (1924) proposed particles have wave nature,
v de=Broglie Equation: X = Wp = Wmv= Wy2ZmK= WV2meV
' Davisson-Germer experiment confirmed clectron wave nature experimentally.
MULTIPLE CHOICE QUESTIONS
I, Which of the following cannot be observed by an increase in the intensity of light alone?
(A) Increase in photocurrent (B) Increase in stopping potential
(C) Increase in number of emitted electrons (D) Increase in rate of emission
L Inan experiment, intensity of light is Increased but photoelectrie current remains constant after sometime.
This is due to:
(A) saturation current has been reached
(B) frequency of light is below threshold
(C) work function is larger than incident photon energy
(D) electrons are absorbed back
i, The photoelectric current becomes zero when:
(A) The intensity of light is zero (B) Frequency is below the threshold
(C) Work function is very high (D) Any of the above
1. Ina photoelectric experiment with light of intensity 1, the current is Io. When light is filtered to allow only
50% photons through, the current becomes:
(A)2 1, ®) o/, ©) V21, (D) Remains same
5. Consider a photoelectric tube where magnitude of negative anode potential is gradually increased. The
photoelectric current decreases to zero because:
(A) Kinetic energy of electrons is reduced
(B) All photons are absorbed
(C) Potential suppresses even fastest electrons
(D) Frequency becomes less than threshold
6. In an experiment, when frequency is increased, the stopping potential increases linearly. This verifies:

(A) Planck's quantization (B) de Broglie relation

(C) Einstein’s photoelectric equation (D) Wave-particle duality
7. Which observation supports the quantum nature of light?

(A) Instuntancous emission (B) KE « frequency

(C) Threshold frequency exists (D) All of the nbove

8. In photoelectric emission, a radiation whose frequency is 2 times threshold frequency of a certain metal
is incident on the metal, Then the maximum possible velocity of the emitted electron will be:

vy 2hv vy shve
(A) m (B) m (C) 2 m (D) m
9, For two particles with equal momenta, which of the following is true regarding their de Broglie
wavelengths?

(A) The heavier particle has smaller wavelength  (B) Both have same wavelength
(C) The faster particle has smaller wavelength (D) Depends on nature of the particles




ANSWERS ' el
(B) The stopping potential is determined by the energy of the photons, which is related to their [requency,
not their intensity. . el
(A) When intensity increases, more photons hit the metal, but once all available clectrons arc cjected,
current cannot increase further.
Lo *emitted elec ich in
(B) The current in the photoelectric effect is proportional to thc‘numbcr of umlu..d lclulcl:;)l:f), ;:)lt:/l:l:viu
turn depends on the number of photons hitting the metal, Reducing the number of photot
2 i ectrons s halving the current,
nalve the number of emitted clectrons, thus halving . s T
(C) As the stopping potential increascs, it eventually becomes strong enough t(:l Pru;;n?lc(;:/)cn t
emitted electrons from reaching the anode, causing the phol.oclcctrlc current tf) 'l‘opt | ! ,. Lontial) of
(C) Einstein’s photoelectric equation shows that the Kinetic energy ((?nd. h‘_mf' B (‘)lr')x[t)ioﬁslr:ip onfirms
photoelectrons increases linearly with the frequency of incident light. This lincar rel
the equation Kumax =h (v = vo).

(D) ; '
(B) KE = hv — hvy = 2hvy — hvg = hvg; -Z-mv,,wx‘ = hv,
. ZhVO
Maximum velocity = [——
m
B) A, = 2 and Ay = = Given:p; =py =2 A =4
Py P2

ASSERTION & REASON TYPE QUESTIONS ,
Assertion: In an experiment, two monochromatic light beams of the same frequency but different

intensities are incident on identical photo-emissive surfaces. The beam with higher intensity results in
greater photoelectric current.

Reason: Higher intensity implies more photons per unit time. which increases the number of emitted
photoelectrons even though theif energy remains unchanged.

Assertion: At a fixed frequency above the threshold, doubling the intensity of light doubles the stopping
potential.

Reason: Stopping potential is proportional to the energy of the photoelectrons, which increases with
intensity.

Assertion: In a photoelectric experiment, even when a very high positive potential is applied to the
collector plate, the photoelectric current eventually saturates.

Reason: The number of photoelectrons emitted depends only on the intensity of the incident light and not
on the applied potential.

Assertion: Even when monochromatic light falls on a metal surface, the emitted photoclectrons have
varying kinetic energies.

Reason: Electrons originating from within the metal lose part of their energy due to collisions with other
atoms before escaping the surface.

Assertion: If frequency is below threshold, increasing light intensity results in emission of
photoelectrons.

Reason: Higher intensity photons can collectively give enough energy to an electron to escape.

Assertion: A time delay is observed before photoelectrons are emitted from a metallic surface under light
exposure.

Reason: According to Einstein’s theory, electrons take time to absorb sufficient energy from the incoming
wavefront.

Assertion: A heavier particle moving slowly can have a longer de Broglie wavelength than a lighter
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particle.

Reason: The de Broglic wavelength is independent of the particle’s mass and velocity.

Assertion: An infinite time delay is observed when light of frequency less than the threshold is incident
on a metal surface.,

Reason: According to Einstein's theory, electrons need to accumulate energy over time from multip|
photons 1o be emitted. "
ANSWERS

(A) = Higher intensity means more photons, hence more photoelectrons and current.

(l)) = Stopping potential depends on photon energy, not intensity.

(A) = Current saturates due to limited photoelectrons; intensity controls emission.

(A) = When a light of single frequency falls on the electrons of inner layer of metal, then this electrop
comes out of the metal surface aficr a large number of collisions with atom of it's upper layer.

(D) - No emission below threshold frequency, regardless of intensity.

(D) = No time delay; photons transfer cnergy instantly.

(C) = A « 1/p, depends on mass and velocity; reason is false,

(C) - I.lclmv-(hrcslmld frequency causes no emission, but energy can't be accumulated over time per
Einstein's theory.

. VYERY SHORT ANSWER TYPE QUESTIONS (2 MARKS)
Find the change in encrgy of a photon of red light (A= 700 A°) when the light enters glass medium of
refractive index 1.5 from air.

Two lines, A and B, in the plot given below show the variation of de- 0
1 » AN _l. H » 1 i
Broglie wavelength, A versus N where V is the accelerating potential T

A

-

difference, for two particles carrying the same charge. Which one of two
represents a particle of smaller mass?

v

An electron, an alpha particle and a proton have the same kinetic energy, which one of these particles has
(i) the shortest and (ii) the largest, de, Broglie wavelength?
An electron is accelerated through a potential difference of 100 volts. What is the de-Broglie wavelength
associated with it? To which part of the electromagnetic spectrum does this value of wavelength
correspond?
If an electron has a wavelength, does it also have a colour?
A parallel beam of monochromatic light of wavelength 663 nm is incident on a totally reflecting plane
mirror. The angle of incidence is 60° and the number of photons striking the mirror per second is 1.0 x
1019, Calculate the force exerted by the light beam on the mirror.
Ultraviolet radiations of different frequencies v, and v,, are incident on two photosensitive materials
having work functions W, and W, (W; > W,) respectively. The Kinetic energy of the emitted
photoelectrons is same in both the cases. Which one of the two relations will be of the higher frequency”’
Electrons are emitted from the surface when green light is incident on it, but no electrons are ¢jected when
yellow light is incident on it. Do you expect electrons to be ¢jected when surface is exposed 0 (i) Red
light and (ii) Blue light?
de-Broglie wavelength associated with an electron accelerated through a potential difterence V is A. What
will be the de Broglie wavelength when the accelerating potential is increased to 4V?




ANSWERS

I. The energy of a photon is given by: E = hef, P ——
rem S - 4 &

When light enters a medium like glass, its speed and W

so does the energy of the photon. Therefor change in energy = 0™ L

2. Fora particle accelerated by a potential V, the de-Broglie wavelength Is:
1 1

h

A= T AW 1

1 fi e
So, when we plot A versus 7 , the slope 15 T2 -

avelength change, but frequency

Larger slope = smaller mass.

Line A has more slope than B = Particle A has smaller mass
h
3. A= 7w _ :
article has the shortest de Broglie wavelength and electron has

1 L) o8] —
If the KE is same then: A & 7= = Henee, a=p
the longest wavelength,
1227 _ 1227 _ 4 927 A°, This wavelength corresponds to X-rays.

4. A= = Vi
5. Colour is a characteristic of electromagnetic waves. Electrons behave as a de- Broglie wave because of

their velocity. A de-Broglie wave is notan electromagnetic wave and is one dimensional. Hence, no colour

is shown by an electron.
6. A=663x10"m, 0=60° n=1x10"

L= 1077

h
Z=2pPp=-
A ol Al

Force exerted on the wall = n{mvcosd —(-mvcos0)) = 2n mveos(=2n pcosf
=2x1x109x 1072 x &=1x10"N.

7. According to Einstein’s photoelectric equation, Kinetic energy of photoelectrons,

K=hv-W
As Ei is same, hv, =W; =hv, -W; = hvy —hv, =W;-W,
Wy — W,
= —_ —_——_—
V1 VvV, "

As, W| > Wa,v; >v,  Thatis, frequency of radiation v, is higher.
8. The wavelength of red light is longer than threshold wavelength, hence no electron will be emitted with
red light. The wavelength of blue light is smaller than threshold wavelength, hence electrons will be

ejected.

9. de Broglie wavelength associated with electron is,
h

,/ 2mqV

potential becomes 4V, the de-Broglie wavelength reduces to half.

1 .
+& A % — = when accelerating

W

SHORT ANSWER TYPE OUESTIONS (3 MARKS)
h shows the variation of photocurrent for a photosensitive metal:

1. The following grap
a) Identify the variable X on the horizontal axis.

b) What does the po Photocurrent

c¢) Draw this graph

radiation vy, vz and vz (V1

d) Draw this graph for three di

radiation /1, Iz, and I3 (I, > 12

int A on the horizontal axis represent?
for three different values of frequencies of incident

> v, > v3) for same intensity. %
fferent values of intensities of incident < PR il

> I3) having same frequency.




| 2 Inaplot of photoelectric current versus znode potential, how does?

&) The saturation current vary with anode potenttial for incident radiztions of different frequencies byt
same intensity?
b} The stopping potential vary for incident rediations of different intensities but same freguency?
©) Photoelectric current vary for different intensities but same frequency of incident sadiations?
Justify your answer in each case,

¢
-

X

{
3. The following graph shows the vaniation of stopping potential ¥V, with the;
frequency v of the incident radiation for two photosensitive metals X and >

i
¢
i
i

A B o
3} Which of the metals has larger threshold wavelength? Give reason. i
b) Explain, giving rezson, which metz]

gives out electrons, having larger kinetic energy, for the same ]
wavelength of the incident radiztion.

€} [fthe distance betwesn the light source and metal X is halv
emitted from it change? Give reason.

4. Two neutra! particles are kept 1m zpert. Suppose by some mechznism some charge is transierred from
‘ one particle to the other and the eleciric potential ensrgy lost is completely convened into 2 photon,
Calculate the longest 2nd the next smaller wavelength of the photon possible, ’

5. Why do different metals emit electrons only when exposed to light of certzin minimum frequencies? The
threshold frequency of 2 meta! is fy. When the light of frequency 2f, is incident on the metal plate, the
maximum velocity of electrons emitted is vy - When the frequency of the incident radiation is increased

ta 5/ the maximum velocity of elactrons eminied is V- Find the ratio of v, to v,.

An electron and 2 phioton ezch have 2 wavelength 1.00 nm. Find:

2} Thetr momentz, b) The energy of the photon znd,
<) The kinetic energy of electron

7. Explain by giving rezsons for the following:

2} Photoelectric cusrent in 2 photocell increzses with the increase in the intensity of the incident
rediztion.

ed. how will the kinetic energy of electrons |

b} The stopping potemmial (V) varies linezsly with the freg

uency (v} of the incident radiation fora given
photosensitive surizee with the slops

remzining the szme for differsnt surfaces.

¢} Meximum kinetic energy of the photeelections is independant of theintensity of incident radiation.
ANSWERS
| *(Substituze the values for guantifies before final answer in each
' roeerical guestion)
I
| 2. Xiscollector pizte potengiel.
| B, Aisstopping potergisl.
€. Grzgh for different frequencies.
Al
d. G:zphfﬁrmﬁf&:em E: S L
Ienersities i
:‘j.,,’{/

2.
E szzmcrmm&mmudm@;_ 0 Stopping potemial do=s noy
M

¢hange. iii. Photoelectric current




increases With increase in intensity,
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a) ‘X’ asithassmaller threshold frequency.
Since py > ¢ = K, <K, therefore X’ gives out electrons with larger KE.

¢) No change as KE of photoelectron does not depend on the intensity of incident radiations.
r=1im

. 2 z 2
Potential Energy= k% = k—‘:—, Energy of photon=£;. =L 3 1=—

Formax 4, ‘q’ should be min, ieq=e= 1.6 x 1019 C
Substituting we get, A0, = 863 m
For next smaller wavelength, q=2eand = 863/4 = 215.74 m. .
There is minimum energy required to free an electron from its surface binding called work function.
Einstein's photoelectric equationis hv = hvg + % mv?
In first case v=2f3, vy = fo, v=1v,
h2fo)=hfo +2 mv,? = >mv;? = hf,

Similarly in second case we get, 1/2m v,2 = 4hf,

Ty Vi __ M. _ -1-
Dividing both we get, e ’m,o =
6. AL=1 photon =1.00nm=10"m.

6.63%10734

h
a) Forelectron or photon, momentum PRy

b) Energy=" = 1989 10"J (= 124 V)

= 6.63 X 10725 kg m/s

2
'c) Kinetic energy of electron= -,f; =242%1071% =151 eV

7. a) The collision of a photon can cause emission of a photoele
intensity increases, number of photons increases. Hence the ¢
b) Wehave, eV; = h(v - v,)

ctron (above the threshold frequency). As
urrent increases.

h h
=-v+(- o
+ Graphof V; withv is astraight line andslope (h/e) is a constant,

¢) According to Einstein's photoelectric equation (KEmqy = hv = ¢b,), KE is independent of intensity.
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Ciss Stndyt St Door Loek with Fingerprint Seanner
b e modem homes and offices, smart blometrie door [ocks that vse
fngerprint seanning have heeome popular, These devices work based
on the photaeleeirio effeet, o coneopt that demonsirales (he dunl
nature of vadiation, When you place your finger on the seanner, o
hoam of light, usunlly from u Joser or LED source, fluminntes your '
fingerprint, The light conststs of photons (pastieles of light) that strike
the surface of the finger, The ridges and valleys of the fingerprint {Ng
refleet this light differontly, Some parts absorh the photons, while \
others refleet them back to w sensor, '
Insidde the sensor, semieondueting materinls absorb the ingident photons, eansing electron
thelr surfiace—his is the photoeleetric effect, These emitted electrons generate a eurrent that the device
rends ns n spocifie digial signal, unique to your fingerprint, This process is not explainable by the.wave
theory of Hght alone, and instead demonstrates light's particle nature,

L Why enn't the wave (heory of light slone oxplain the working of fingerprint scanners based on the
photocleetrie effeet?
(A) The wave theory fuils 1o explain reflection of light,
(%) The wave theory does not account for the threshold (requency required to emit electrons,
(€) The wave theory suggests Hght can't interact with electrons,
(1) The wave theory explains the continuous emission of light, not Its speed.
I, What would happen il the Intensity of light Incrensed but its frequency remaing below the (hreshold
frequency In o fingerprint seanner?
(A) More electrons would be emitted with higher encrgy.
(1) ‘The fingerprint image would become clearer.
() Blectrons would emit with the same energy ns before,
(1) The emlssion of electrons would not oceur,
W Tlow does the coneept of de Broglie wavelength support the minkaturization and elficlency of the
fingerprint scnnner's electronie components?
(A) 1y allowing lght to be diffraeted and focused more aceurately,
(1) By explaining how heat s dissipated in semiconduetors,
(C) Dy enabling high=resolution imnging using wave propertics of electrons.
(D) Dy reducing the speed of eleciron movement in circuits,
tv, Which technologlent imitation would most direetly challenge the use of wave nature of clectrons in
fingerprint sensor development?
(A) Reguirement for extremely small de Broglie wavelengths for high resolution
(3) Slow seanning apeed
(C) DINeulty In focusing partiele beams
(1) Interference from amblent light

L

OR
Suppose i new fingerprint seanner I8 designed using blue light instend of red light, What would be the
most Hcely onteome regavding the photoclectrie effect?
(A) The emltted electrons would have lower Kinetie energy,
(B) The emission of electrons would decrease due to lower intensity,
(C) The emitted electrons would have higher kinetie energy due to higher photon frequency.
(1) 'The resolution of the scanner would decrense,
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The work function of the emitter is 2,39 ¢V and the light incident on it has\\ ___ [ |

Ans: i) B i D ANSWERS:
1. Ans: 1 iii) C WA
C
LONG ANSWER TYPE o ne
. 4 ) EST ” ;
2) Light of a particular wavelength IONS (5 Marks)

does not eject electrons fr

. , . om the surface of a given metal. Should the
wavelength of the light be increased of decreased in order make ejection of electrons possible? Justify.

) Inan experiment on phodtoelcctnc effect, the emitter and the collector plates are placed at a separation of 10
mlntand ore connected through an ammeter without any cell. A magnetic field B exists parallel to the
plates.

wavelengths between 400 nm and 600 nm. Find the minimum value of B for

which the current registered by the ammeter is zero. Neglect any effect of
space charge.

a) A particle of mass M at rest decays into two particles of masses m, and m, having non-zero velocities.
What is the ratio of de Broglie wavelengths of the two particles? s

b) Determine the value of the de Broglie wavelength associated with the clectron orbiting in the ground
state of hydrogen atom. How will the de Broglie wavelength change when it is in the first excited state?

ANSWERS
a) The wavelength should be decreased because photon energy is inversely proportional to wavelength

(E=hc/)). Decreasing the wavelength increases the energy of incident photons, making it possible to
overcome the metal’s work function and eject electrons.
b) 0=239ev )1 =400 nm, 2; =600 nm

for B to be minimum, energy should be maximum - 2 should be minimum (i.e. /i)
K= hTC— $o = 3.105—12.39 = 0.715 eV = 1.144 x 10719

The presence of magnetic field will bend the beam and there will be no current if the electron does not reach
the other plate.

mv 2mK . V2mK V2x%X9.1x 10731 x 1.144 X 10~19

=98 g8 T 1.6 x 10~ x 0.1
2. a) According 1o the law of conservation of momentum, the momentum of a system remains conserv.ed.
Mv = myv; + myv, = 0= mv; + myv, = myuy = —MyvU,

So, we can write, py o R s wa

b) In ground state, the kinetic energy of the electron is, K = 13.6 eV = 2.18 X 107 J
h 6.63 X 10734~
Ao

T V2mK. VZX91x1031x218x 10-18
In the first excited state, K = 2 = -1-%'—6- sowegetd; =2 X4, =6.64%X10710

=285 x 107°T

=332x10"1%m

22




< CHAPTER-12: ATOMS
wntent: Alpha-particle scattering experiment; Rutherford's model of atom; Bohr model of hydroyen e,

iwression for radivs of nth possible orbit, velocity and energy of electron in nth orbit, hydrogen line spectry
avltative treatiment only),
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GIST OF CHAPTER: ATOMS

Rutherford’s Atomic Model
On the basis of this experiment, Rutherford made following observations
{(i)The entire positive charge and almost entire mass of the atom is concentrated at
its centre in a very tiny region of the order of 10-15 m, called nucieus.
(ii)The negatively charged electrons revolve around the nucleus in different orbis.
(iti) The total positive charge 011 nucleus is equal to the total negative chargs on
electron. Therefore atom as a overall is neutral.

(iv)The centripetal force required by electron for revolution is provided by the electrostatic forcs of
attraction between the electrons and the nucleus,

Distance of Closest Approach

w



—

7 B 2 27 . V| i i i
14z, 27e2 /By where, Ey = kinetic energy of the cc-particle.
qmpact Parameter
The perpendicular distance of the velocity vector of a-
pa:‘dd“ is far away from the nucleus is called impact

particle from the central line of the nucleus, when the

parameter,
1mpact parameter
ahere, Z = atomic number of the nucleus, Ex = kinetic energy of the c- particle and 6 = angle of scattering.
Rutherford’s Seattering Formula

where. N(8) =number of e-particles, Ni = total number of a-particles reach the scizen. n = number of atoms

et umit volume in the foil, Z = atoms number, E = kinetic energy of the alpha particles and t = foil thickness
Limitations of Rutherford Atomic Model

(DAbout the Stability of Atom According to Maxwell’s clectromagnetic wave theory electron should emit
energy I the form of electromagnetic wave during its orbital motion. Therefore. radius of orbit of electron
will dacrease gradually and ultimately it will fall

in the nucleus. (i) About the Line Spectrum Rutherford
zomic madel cannot explain atomic line spectrum.
Bohr's Atomic Model

Elactron can revolve in certain non-

radiating orbits called stationary or bits for which the angular
momenium of electron is an integer multiple of (h/2n)
mvr=nh/2x

wheren=1.2.3,... called principle quantum number. The radiation of energy occurs only when any electron
Jumps from one permitted orbit to ar

nother permitted orbit. Energy of emitted photon
hv = Ex—E; where El and E2are energies of electron in orbits.

Radis of orbit of electron is given by r=n’h’/4m mK Ze2 = r < 2/ Z

where, n = principle quantum number, h = Planck’s constant, m = mass of an electron,
K=1/4=z ¢ Z= atomic number and e = electronic charge.

Velocity of electron in any orbit is given by v=21KZe? /nh= v x Z /1

Fraquency of electron in any orbit is given by v=KZe?/ nhr = 4n’22%'mK? / n3 b
=2vprop; 23/

Kinstic energy of electron in any orbit is given by Ex = 22me*Z2K2 /n? h2 = 13.6 72/ n? eV

Potential energy of electron in any orbit is given by
E=—4xme'ZK/n’ W =27272/n = Ep=«Z?/n

Tozzl energy of electron in any orbit is given by E=—2me’Z2K? / n2 2 =— 13.6 22 / i eV

= Ep=x 7"/ n® In quantum mechanics, the energies of a system are discrete or quantized. The energy of a

perticle of mass m is confined to a box of length L can have discrete values of energy given by the relation

En=p’h2/8ml2:n<1,2,3,...

Hydrogen Spectrum Series

Ezch element emits a spectrum of radiation, which is characteristic of the element itself. The spectrum

consists of a set of isolated parallel lines and is called the line spectrum.

Hydrogen spectrum contains five series (i) Lyman Series When electron jumps fromn =2,

3.4, ...orbit to n= 1 orbit, then a line of Lyman series is obtained. This series lies in ultra violet region.

()Balmer Series When electron jumps fromn =3, 4, 5.... orbit to n

=2 orbit, then a line of Balmer series is obtained. This series lies in visual region.

(iii))Paschen Series When electron jumps fromn=4, 5, 6,... orbit ton

=3 orbit, then a line of Paschen series is obtained. This series lies in infrared region
(v)Brackett Series When electron

Jumps from n = 5,6, 7.... orbit to n = 4 orbit, then a line of Brackett series is obta'!ned. This series lies in
tnfrared region. ’

(")Pfund Series When electron jumps fromn=6,7.3, .... orbit to n = 5 orbit, then a line of Pfund serjes i
obezined. This series lies in infrared region.

IS




1. When alpha partieles are sent through s thin gold foll, most of them go stralght through the fofl, becayyg,
{a)Alpha particles are positively eharged
+n) Mags of alpha particle ls more than mags of electron
?) Most of the part of an alom 18 emiply gpace
(d) Alpha particles moves with high veloeity

2. T an experiment of scattering of alpha particle showed for the firat time thot the utom hay,

(llectron  (b)  Proton (e)Neutron  (d)Nucleus

3, In Gelger Marsden experlment, the expression of distance of elosest upproach to the nucleus of g alphy
particle before it comes to momentarily ut rest and reverse lts direetlon Is,

Ze? VL VA% Ze*
(a) 47?6(11\5 (h) 2awegk (¢) Za(,k (d) 4eok
4. The angular momentum of the electron In the nth allowed orbi Is;
Ph I 2h 11._’},_
(a) 2r ) 2 (¢) () 2m
5. In equation, what doesthis . =130 oy negative sign indicatos,
Iy B —

ni
a) Electrons are free to move
b) Eleetron is bound with nucleus,
¢) Kinetic energy Is equal to potentlal energy
d) Atom is radiating energy

6. Kinetic energy 012‘ electron in hydrogen atom is

e e e e?
a.) 4meqr b, 8megr c. 8megr d, dmeyr
7. Encrgy required to excite an electron in hydrogen atom to its ground state to its first excited state is .
(a), 6.2eV (b), 3.40¢V (c). 10.2¢V (d). ~13.6eV

8. What is the angular momentum of an electron revolving in the 3'¢ orbit of an atom?

a. 31.5x10MJsec b, 3.05x10MJsec e 315x10MJsee d. 0.315x10™M Jsec

9. If the electron in hydrogen atoms is excited to n = 5 state, the number of different frequencies of
radiation which may be emitted is:

(@)4 b) 10 )8 d)s

ANSWERS:-

I:(c) Explanation : When alpha particles are sent through a thin gold foil, most of them go straight through
the foil, because of lots of empty space present in the atom,

2:(d) Nucleus Explanation : few alpha particles were bouncing back which concluded that a part of the
atom consists of a positively charged which was called as nucleus.

3 :(b) Explanation : Let d be the distance of closest approach then by the conservation of energy. Initial
kinetic energy of incoming a-particle K
= Final electric potential energy U of the system
as K=1/4re0x (2e)(Ze)d/d
nd= Ze¥2me0l k

: (d) explanation ; Bohr’s third postulate states that the angular momentum of'an electron revolving aroutd
the nucleus of an atom is quantized, The angular momentum is an integral multiple of h/2r where his the
Planck’s constant,

That is,mvr=nh/2r Here, n has integer values and is the principul quantum number. It denotes the orbit it
which the electron resides.




[. ) Explanation the negative sign in the ari
 screase resulting from the electron's biyg
gnifies that the electron is in

influence.
e?

rey of an electron in the nth shell represents the energy
2io g 1o the atom and its position relative (o the nueleus, It
Wer energy state than it would be if it were free from the atom's

:(b) 871'60T
(C) 10.2eV §oln— Ez-E|=-3.40-(-l3.6)= 10.2eV
(b) explanation : Here n=3; h =66 x 10-34 Js
Angular momentum L= 5 X =(3x6 -3 -3
- (b) Explanation : Orbital Frequency of ele : e e M
72

~) '\ o

~

ctron -
. wherein fogm
e Hl:zl‘l
) T Aenl? :
nin=1))
Number of frequency emitted from n' orbital is 2
. hoxd
=0 =>number of frequency emitted = 2 = [0

o . ASSEI}TION AND REASONING : ATOMS
Directions: These questions consist.of two statements, each printed as Assertion and Reason, While

answering these questions, you are required to choose any one of the following four responscs.
(a) If both Assertion and Reason are correct and the Reason is 4 corre

(b) If both Assertion and Reason are correct but Reason is not
(c) If the Assertion is correct but Reason is incorrect.
(d) If both the Assertion and Reason are incorrect,

I, Assertion (A): According to Bohr’s theory in the hydrogen atom, the electron revolves in circular
orbits.

ct explanation of the Assertion,
a correct explanation of the Agsertion,

Reason (R): The centripetal force is provided by the electrostatic attraction between the proton and the
neutron.

energy between two energy levels.

Reason (R): The energy of the photon emitted or absorbed is equal to the difference in energy between
the two levels.

Assertion (A): The ground state of an atom is its highest energy state.
Reason (R): In the ground state, the electron occupies the farthest possible orbit to the nucleus.
Assertion (A): The Bohr model of the atom explains the line spectra of hydrogen atom.
Reason (R): The energy levels of the electron in the hydrogen atom are quantized, leading to discrete
spectral lines.
Assertion (A): The angular momentum of an electron in a Bohr orbit is quantized.
Reason (R): The angular momentum of the electron is an integral multiple of h/4x.
Assertion (A): The emission spectrum of an element is characteristic of the element,
Reason (R): The energy levels of electrons in an atom are unique to each element.
Assertion (A): The ionization energy of an atom is the energy required to remove an electron from the
atom in its ground state. o )
Reason (R): lonization energy is a measure of tf}e binding energy of thc protons in the ground state,
8. Assertion (A): The wavelength of light emitted in an electronic transition is inversely proportional to
the energy difference between the initial and final states. '
Reason (R): The energy of a photon is inversely propqnlonal to its wavelength,
9. Assertion (A): The energy levels in an atom are quantized dup to the wave nature of electrons,
Reason (R): Electrons exhibit both particle and wave properties

Assertion (A): The frequency of radiation emitted or absorbed by an atom is related to the difference in

e e T .27 . ey
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AR L -
5 AN AN e the ultrsvio ot reston
3 S&)!L‘: N AR ‘ “b:
Q\w‘\\:;::;:;;\ l‘\‘::f\“ \‘:::: :;2:1‘:‘ 33“; ;“ ‘:‘;“‘Nim\i madel whieh x:)luld not explain the obsorved fenrres of
B i Lol the e e i Rohes modal of hy P Us erg formulin 1o
Sahouhite the Wavelength of the Ty T, 3 maddel of hydrogen atom? Use the Rydbery

(e R= LN 107w,
Q » Calontate the shortest wavelength in the
visibl, wttraviotet) of hydrogen speoty
Q;t ﬁu:\\\ T the wddivs oF the orbit In hydiogen atom varles as 02, where n 15 tha prinelpal quantum nimber
Q FHRERULN

QuisAn particle maving With inttial kinetie o
diaranoe T at which it reverses its diveetion,
s of the Kinetie enerty of wspartivle K,
Q3> Using Rutherfont madel of the atow,
anoet, What is e signiticance of ot
Q. A hydrogien aton initiatly inth
2 wavekangth of the photon,

Balier series of hydrogen atom, In which reglon (nfasred,
ram does this wavelengih le?

neray K towards a nueleus of atomle number 2 approaches a
2 1 N 3 ML
Obtain the expression for the disiance of elosest npproach *d” In

derive the expression for the tot! anergy of the electron In hydrogen
al nepative enetiy possessed by the electron?
@ ground state absorbs a photon which exeltes it o the n- 4 level, Determine

Q) :m radios of innrmost electton orbit of'a hydrogen atom is 8.3 x 10°! Im, Determine its mdius In n =4
- or,

QT () In hydrogen atom, an electron wirdergoas transition fhom 2nd excited state 1o the first exclied state and
0 1 the ground state, 1damtity the spectral series t Which these transitions belong.

G Rind out the matio of the wavelengths of the emitied radiations in the two cases.
SOLUTIONS POR IMARKS QUESTIONS
L Limirations of Rutherford Model 3 () Eleetrons moving tn a eireular orbit around the nueleus would get,

| aoeRratad, therefore it would spiral into the nucleus, as it looses its energy. (i) 1t must emit o continuous
SN HTN

Explanation accending  Bohr’s model of hydrogen atom }

QDERon in an atom can revolve in certain stable orbits without the emisston of radiant energy, (ll) Energy

3 refoasad absorbad only, When an electron jumps from one stable orbit 1o another stable orbit, This results In
3 iR apeetrun, Wavelength of Hyg line s

Ha line i formad whan an 2laetron jumps from 1y = 3 1o 1, =2 orbit, 1t is the Balmer series
Aftar cakoulations A = 63,3 nm
<. In Batmer serie, an electron jumps ftom higher orbits to the second stationary orbit

(0f = 21, Thus for this series 1 A = 4R = 3646 A
X Anawar: Whan an 2lactron moves around hydrogen nuclens, the electrostatic foree between electron
and hydrogan nuckeus provides nacessary centripetal foree,
AR We know from Bohe's pastulate, mvir = (1A as ) o/ ¢

WTERh2a or e = thidxd
from boch aquations = (AT m x4 x% therefore ran?
L Atthe distance d, the KE (R) gets converted into PR (P) of the system,

Therefwre PE at distance (d) = (14 1% X2ex 2o = (14 =e 22ed = K
Therfore d=(1d zs )22IR . . 7 \ ,
3 Expression for total energy of @locton in H-atom using Rutherford model : As per Rutherford model of
awom, centmipatal foree (Fe) requinad 1o keep eloctron revolving in orbit is provided by the electrostatie force
() of anraction batween the revolving electron and nucleus, v
The regative sign indicates that the revalving electron is bound to the positive nueleus,
F=F,
= eed xe of so, r=eYdxsomy’




KE=Ymv>=c¥/8meor
PE=c(-eYdneor= e/4neor
TE=KE+PE=-¢}/8n¢€or
6. Ervrgy of the ground state =-13.6 ¢V
E-ergy of (n= 4) state = -13.6/16 ¢V
Therefore encrgy of photon absorbed E = he/ A = 1275 x 16 x 107
A= he/(12.75 x 1.6 x 107y =97 nm

Raoizs of (n=4) orbit = (4)? x (3.3 x 10"")ym =848 A’
7

D=2, n- N Balmer sevies
n, = 2, my= 1 Lyman series
TR |

laamr Sanas
n=2

Lyman Seﬂ'esl
D |
1

1 1 1 | 5
v An “[5’-~v] h R[T_;J. ‘J_b‘n

...whne[

Ay is the wavelength for Balmer sedies.
Ay is the wavelength for Lyman series.

CASE BASED QUESTIONS
1. The spectral series of hydrogen atom were accounted for by Bohr using the relation
where, R=Rydberg constant = 1,097 x 10" m"!

1 1 1
Lyman series is obtained when an clectron jumps to first orbit from any 75 =Ry, ( HE
‘ subsequent orbit. Similarly, ' :

Balmer series is obtained when an clectron jumps to 2™ orbit from any subsequent orbit. Paschen series is
obtained when an electron jumps to 3" orbit from any subsequent orbit. Whereas Lyman series in U.V.

region, Balmer series is in visible region and Paschen series lies in infrared region. Series limit is obtained
when n2=w,

Q.1:- What is the ratio of minimum to maximum wavelength in Balmer series?

(a) 5:2 (b) 5:9 (c) 5:8 (d) 9:5
Q.2:- Which series of hydrogen spectrum can we see through naked eye?
(a) Laymen (b) Balmer Series (c) paschan  (d) none
Q.3:-What is the wavelength of first spectral line of Lyman series?
(a) 12154 (b)5121.4 (©) 21154  (d)4211.5
Q.4 :-What is the frequency of first spectral line of Balmer series?
() 4.57 x 10" Hz (b)5.57x 10 Hz  (¢) 7.57x 10" Hz (d) 0.57 x 10" Hz

2. Lyman series is obtained when an electron jumps to first orbit from any subsequent orbit. Similarly,

Balmer series is obtained when an electron jumps to 2™ orbit from any subsequent orbit. Paschen
series is obtained when an electron jumps to 3" orbit from any subsequent orbit. Whereas Lyman
series in U.V. region, Balmer series is in visible region and Paschen series lies in infrared region.
Series limit is obtained when n2=c,

(i) The wavelength of first spectral line of Lyman series is

(a)12154 A® (b)1215.4 cm (c) 12154 m (@1215. 4 mm
(i) The wavelength limit of Lyman series is
(3) 951.6 A° (b)511.9A° (©)1215.4 A° d)911.6 A

{iii) The frequency of first spectral line of Balmer series is
(a) 1.097 x 10" Hz DAS5Tx10MHz  (©4.57x10% Hz  (d)4.57 x 10" Hz
(iv) Which of the following transitions in hydrogen atom emit photon of highest frequency?
(a)n=1 10 n=2 (b) n=2 10 n=6 (c) n=6 to n=2 (d) n=2 to n=1
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Nudleons: The nucleus of an atom
dolflaczivaly called nucleons.

GIST — NUCLEUS

consists of protons and neutrons. They

Nocdens: The small, dense region consisting of protons and neutrons at the center of an E
| =om 3s the atomic nucleus. In every stom, the positive charge and mass are densely
concanrratad a1 the cantrel core of the atom, which forms its nucleus. More than 99.9%%
mazss of the atom is concentrated in the nucleus.

Aramic Mass Unit (amu) sThe unit of mass usad 1o SXpress mass of an atom is called atomic mass unit.




— —————

Atomic mass unit is defined as 1/12th of the mass of carbon (126C) atom.
I amu or | u=1.660539 x10-27 kg (1) Mass of proton (mp)=1.00727 u
(2) Mass of neutron (mn)=1.00866 u  (3) Mass of clectron (me) =0.000549 u Relation between amy and
MeV 1 amu=931 Mev
Composition of Nucleus
The composition of a nucleus can be described by using the following.
Atomic Number (Z) :Atomic number of an element is the number of protons present inside the nucleus of ap
atom of the clement.
Atomic number (Z) = Number of protons = Number of electrons (in a neutral atom)
Mass Number (A): Mass number of an clement is the total number of protons and neutrons inside
the atomic nucleus of the clement,
Mass number (A)= Number of protons(Z) +Number of neutrons(N)
= Number of electrons + Number of neutrons A=Z+N
Size of Nucleus: According to the scattering experiments, nuclear sizes of different elements are assurred t
be spherical, so the volume of a nucleus is dircctly proportional to its mass number. If K is the radius of
the nucleus having mass number A, then
Rx AR R=R0 A'?
Where, Ro= 1.2x10 "** m is the range of nuclear size. It is also known as nuclear radius.

Nuclear Density Density of nuclear matter is the ratio of mass of nucleus and its volume. p*’W(df}zR[)})
=>p = 2.38x10'""kg/m’ where, m = average mass of one nucleon and Ro=1.2 fm =

1.2x10""m =>The nuclear density (p) does not depend on A (mass number), Mass Defect The sum of the
masses of neutrons and protons forming a nucleus is more than the actual mass of the nucleus, This differeries
of masses is known as mass defect. -

Am=ZmpH+(A-Z)mn-M  where, Z= atomic number, A= mass number, mp = mass of one proton,
mp= mass of one neutron and M= mass of nucleus.
Mass-Energy Relation Einstein's mass-energy equivalence equation is given by E = mé&, (
where E is the energy and c is the speed of light =3x10® m/s and m = mass of nucleus)
Nuclear Forces Short ranged (2-3 fm) strong attractive forces which hold protons and neutrons together in
against of Colombian repulsive forces between positively charged particle is called nuclear force. The nuclear §
force between neutron-neutron, proton-neutron and proton-proton is approximately the same. The mxlear
force does not depend on the electric charge.
Nuclear Energy When nucleons form a nucleus, the mass of nucleus is slightly less than the sum of individeat
masses of nucleons. This mass is stored as nuclear energy in the form of mass defect. Also, transmutation of
less stable nuclei into more tightly bound nuclei provides an excellent possibility of releasing nuclear energy.
Two distinct ways of obtaining energy from nucleus are Number of nucleons given below
The phenomenon of splitting of heavy nuclei (usually A>230) into lighter nuclei of nearly equal
masses is known as nuclear fission, e.g.

920235 +onl —>  s6Bal4l + 36kr92 +3 00! +Q
Nuclear Fusion
The phenomenon of fusing or combining of two lighter nuclei into a single heavy nucleus is called
nuclear fusion, e.g.
| H'+1 H' > | H+ el +v 4042 MeV

[The energy released during nuclear fusion is known as thermonuclear energy.]

Binding Energy
The binding energy of a nucleus is defined as the minimum energy required to separate its nucleons and place
them at rest at infinite distance apart. Using Einstein's mass-energy relation, AE= (Amc?), the binding oergy

of the nucleus isAE =[Zmp + (A-Z)mn ~ M]¢c? :




W D RN ¥ o ¥ o @ PES N —

nres - o memvagy  per NucleOn Of a
lucleus

 is the average energy require
from the nucleus to infinjte dist
total binding energy divided by
the nucleus.
Binding energy curve:
It is a plot of the binding energ
the mass number A for a larg

—
[=]

0 eXtract g nucleon

ance. It is givep by
the mass number of

L]
0 nug Fe Olo _;'LV i a

=3

o

(=]
<

£

Y Per nucleop Versus

N

Building energy per nucleon (McV)
o
@
=]

€ number of nuclej as &
Sho“'n below: 00 50 100 150 200 250
Binding energy per nucleon as a functjoq of mass Mass number (4
i i leon
umber :1t is used to explain he . The binding energy per nuc
ltllSSi()n and fusion P Phenomena of nuclear as a function of mass number,

Nuclear Stability

The stability of a nucleus is determineg by the value of its binding energy per nucleon. The constancy of the
binding energy in the range 30< A<170 is

a consequence of the fact that the nuclear force is short-ranged.

o MCQ - QUESTIONS : NUCLEI)
1.The binding energy per nucleon of a nucleus is a measure of its:

tability  b) Instability ) Radioactivity d) Mass defect
7, ;}inding energy per nucleon j i

3. The binding energies per nucleon for a deutron and an a- particle are x; and X respectively. The energy Q

released in reaction|H2 + |42 — HHe +Qis

(@4 (x1 +x2) @57 4 (x1 —x2) (€) 2 (x1 +x2) (d) 2 (X1 -x2).

4. Let ma and my,, be the masses of a neutron and a proton respectively. M; and M3 are the masses of a 2010Ne
nucleus and a *°,0Ca nucleus respectively. Then

@M2<2M;  (b) M2 > 2M, () M2=2M; (d) M; < 10 (my + my).

5. One requires an energy Ea to remove a nucleon from a nucleus and an energy E. to remove an electron from
an atom. Then

@Es=Ec  (JEa>Ee (0)Ea<E (d)Ea>Ee.
When the number of nucleons in nuclej increases, the bii
(a) increases continuously with mass number.
(b) decreases continuously with mass number.
number.

(d) Remains constant with mass number.

7. Consider the fission reaction : 2%;U — x"7 + Y7 4 on! + on'i.c., two nuclei of same mass numbers 117
are formed plus two neutrons. The binding energy per nuclear of X and Y is 8:5 MeV whereas U236 j5 7.6
MeV. The total energy liberated will be about:

(@) 2 MeV (b) 20 MeV  (c) 2,000 MeV (d) 200 MeV

8. Fusion takes place at high temperature because:

(a) Atom are ionised at high temperature

(b) Molecules break up at high temperature

(c) Nuclei break up at high temp. ' .

ineti is hi h to overcome repulsion between nuclei

9. ’}‘f\ti;gzti;cge::gyl::rlgnl:;:;:g;gfor the parent nucleus is E1 and that for the dalighter nuclej j
(@) E1 >E2 (b) E2>El (c) El =2E2 (d) E2=2E]

ding energy per nucleon numerically

(cYFirst increases and then decreases with increase of mass

S E2. Then




ANSWIEIE MCO i
per nucleon relers 1o (e nvernge energy that holds 4 nucleus
tul binding energy of the nucleus by the number of hucleons

Lo Ang Ca Explanation § Blndlig GHOILY
© together, caleuluted by dividing the
~(protons and nevtrons) it contatus,

2 Ans o b Uxplunation ¢ Lxeluding the Hghter nuclel, the nve
— MeV. The maxtmum blnding energy per nucleon o¢

1o the most stable nuclol,

3o Answer: (b) 4 (X) = x3)

l:xphlnmtion ¢ Numbor of nueleon on reaetant slde = 4 Blnding onergy for one nucleon =
lor 4 nucleons = 4x 1 Slmilarly on product slde binding energy = dx2 Now, Q
% 4(x1 = X)), |

Ao Answer: () Explanation § 1U1s found tiat the muss defoct Inere
200my 1 mp) =My = 10 (1 1 ) = My

Or 10(my 1my) = (M3=My)

Or My 410 (g 1 my) = My

e My <My 10 (my 1 my) but My < 10 (g ) SMy<2M,

S, Answer: (b) By > Lo Explanation ¢ the work [unietlon for nuloon Is much greater than the electron,

6. Answer: (c) First increnses and then docrenses with Inerense of mags number,

7. Answer: (d) 200 MeV Explanation : ‘e total onergy Hberated will be the difference between the binding
energy of two sides, Binding encrgy of nuclous =236x7.6MeV

Binding energy of product =117x8,4117x8.5 =2x 1 [1%8,5

Hence, net binding encrgy = Binding energy ol product « Binding energy of nucleus

=234x8.5-234%7.6 =1989-1793.6=195.4Me V 200Me I’

Thus, in per fission of uranium nearly 200Me! “energy Is relensed

8.Answer (d) Kinetic energy s high enough to overcome repulston between nuclei

Explanation: This happens because at high temperature, there Is enough kinetic energy to overcome the
repulsion and the strong Interaction pulling the protons together is stronger than repulsion pushing the
protons apart, the atoms will fuse together forming n new atom containing protons of both atoms we
pushed together.

9.Answer : (b) E2 > El

Explanation: When a heavy nucleus of higher mass number (less stable) splits into two lighter nuclei the

daughter nucleus is of less mass number and becomes more stable, having more binding energy per
nucleon. Therefore, E2 > El

rage binding energy per nucleon is about §
C¢urs at around mass number A = 50, and corresponds

X1 Binding energy
= change In binding energy

uses with increase in mass number So,

ASSERTION AND REASONING : NUCLEI

Directions: These questions consist of two statements; each printed as Assertion and Reason. While answering
these questions, you are required to choose any one of the following four responses.

(a) If both Assertion and Reason are correct and the Reason is a correct explanation of the Assertion.

(b) If both Assertion and Reason are correct but Reason is not a correct explanation of the Assertion.

(c) If the Assertion is correct but Reason is incorrect.

(d) If both the Assertion and Reason are incorrect.

1. Assertion (A): The mass of a nucleus is less than the sum of the masses of its constituent protons and
neutrons.
Reason (R): The mass defect is converted into binding energy, which holds the nucleus together.

2. Assertion (A): The binding energy per nucleon is a measure of the unstability of a nucleus.
Reason (R): A higher binding energy per nucleon means the nucleons are not tightly bound and the
nucleus is more stable,

3. Assertion  (A): Heavy nuclei tend to be unstable and undergo  radioactive  decay:

W
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@) Only nuclear attractive (b)Only Coulomb force
() Both of the above (d)None of these
(ii)  Outside a nucleus
(=) Neutron is stable (b)Proton and neutron both are stable
(c) Neutron is unstable {d)Neither neutron nor proton is stable

(iii) ' Nuclear force is

(a)Short range and charge dependent (bYShort range and charge independent
.= ong range and charge independent (d) Long range like electrostatic type
(iv) jlf Fpp , Fpm and Fpy are the magnitudes of net force between proton-proton, proton-neutron ang
eutron-neutron respectively, then

(a.) Fpp=Fpn=Fnn (b) Fpp<Fpn<Fnn (c) Fpp>Fpn>Fnn (d) Fpp=Fpn<Fnn

of nucleus?

2. Calculate the energy release in MeV in the deuterium fusion reaction

IH? + |H® 2He* +n , Using the following data ;

m(1H%)= 2014102 u, m(1H*=3 016049 u, m(2H*)=4 002603 u, mn= 1.008665 . u lu=931.5MeV :

3. A nucleus with mass number, A =240 and BE/A = 7. 6 MeV breaks into two fragments each of A =120
with BE /A = 8. 5 MeV Calculate the released energy.

4. What do you mean by binding energy of nucleus? Obtain an expression for binding energy. How binding
energy per nucleon explains the stability of nucleus?

5. Obtain the binding energy (in MeV) of a nitrogen nucleus (7N'*) given m (7N" ) =14.00307u

6. Draw the graph showing the variation of binding energy per nucleon with mass number. What inference
you get from this graph. Also explain the importance of binding energy curve.

7. (i) How is the size of a nucleus found experimentally? Write the relation between the radius and mass

(ii) Prove that the density of a nucleus independent of its mass number.

1.

5. Nitrogen has 7 proton and 7 neutron so total mass of proton and neutron

(i) - orce between a neutron and a proton inside the nucleus is

. In this reaction total mass of reactant is=5.030151 amu and total mass of product is 5.01 1268 ,s0

_Since the nucleus as a mass number A =240 and binding energy for nucleon is 7.6 MeV. Its total binding

. The energy evolve during formation of nucleus due to mass defect is called binding energy- Mass

ANSWER: () (@ (i)(d) (i) )@

SHORT ANSWER (02 MARKS)
What is mass defect of a nucleus? Express it mathematically. What light does it throw on the binding energy

number of a nucleus.

ANSWERS :
This missing mass is known as the 'mass defect' and it accounts for the energy released. The mass
defect (AM) can be calculated by subtracting the original atomic mass (MA) from the sum of the
‘mass of protons (mp= 1.00728 amu) and neutrons (mn= 1.00867 amu) present in the nucleus.

mass defect is 0.018883 amu so total energy released will be 0.018883x93 1.5=17.5893245 Mev’

energy is E1 =240 X 7.6 = 1824 MeV. As both fragments of mass number A = 120 as a binding Sn=TEY
for nucleon of 8.5 MeV, so total energy of fragments is E2=2X 120 X 8.5 =2040 MeV. Therefore ener2¥

released is = 2040 — 1824 =216 MeV.

defect=(Zmp+(Z-A)mn-mN(zX‘“)) ,Binding energy =mass defectx931.5MeV
Larger the binding energy per nucleon, the greater the work that must be done to remove the nucleod
from the nucleus, the more stable the nucleus.

e mmee amaa e enAFAA e dafe 2N L% 4 11109220 14 AnAT — D HIRT 302
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pinding energy will be 0.010876529x931,5=10, 31 >
6. Correct graph and importance of cyrye ot ikl

7. Description of closest approach, relatjon and proof,

LONG ANSWER QUE
4. (i) Why is the binding energ .STIONS 3 MARKS

; Y per nucleon found to be constant for nuclei in the range of mass number (A_)
lying between 30 .and 1707 (l_l) When a heavy nucleus with mass number A = 240 breaks into two nuclei,
oo 120,. energy is released in’ the process. (iii) In p-decay, the experimental detection of neutrinos (or
antineutrinos) is found to be eXtremely diffic

. ult.
2. (a) In a typical nuclear reaction, e.g.
2H+iH—> }He +n +3.27 MeV

although number of nucleons is conserved, energy is released. How? Explain.
(b) Show that nuclear density in a given ny

cleus is independent of mass number A.

3. Draw a plot of potential energy of a pair of nucleons as a function of their separations. Mark the regions
where the nuclear force is (i) attractive ang (i) r

epulsive. Write any two characteristic features of nuclear
forces.
4. (i) What.characteristic property of nuclear force explains the constancy of binding energy per nucleon
(BE/A) in the range of mass number ‘A’ lying 30 < A < 1707
(ii) Show that the density of nucleus over a wide range of nuclei is constant- independent of mass number
A. ‘

5.. Using the curve for the binding energy per nucleon as a function of mass number A, state clearly how
the release of energy in the processes of nuclear fission and nuclear fusion can be explained.

1. Answer: (i) Nuclear forces are short ranged. For a particular nucleon inside a sufficiently large nucleus
will be under the influence of some of its neighbours which come within the range of the nuclear force.
The property that a given nucleon influences only nucleons close to it is also referred to as saturation
property of the nuclear force.

(ii) The binding energy per nucleon of the parent nucleus is less than those of the two daughter nuclei. It
is this increased binding energy that gets released in this process.

(iii) Neutrinos are chargeless and massless particles, whose interaction with other particles is almost
negligible. Hence, they can pass through very large quantity of matter without getting detected.

2. Answer: () In all types of nuclear reactions, the law of conservation of nucleons is followed. But during
the reaction, the mass of the final product is found to be slightly less than the sum of the masses of the
reactant components.' This difference in mass of a nucleus and its constituents is called mass defect. So,
as per mass energy relation E= (AM)c?, energy is released. In the given reaction the sum of the masses

of two deutrons is more than the mass of helium and neutron. Energy equivalent of mass defect is
released.

Mass of nucleus _ _mA
Volum 4. R3
. (m = mass of each gucleon)
As R =R A where R, = 1.2 X 10" m.
i 3JmA _ 3m
anRZA  4mRg
i.e. independent of Mass Number A

(b) Nuclear density =

Nuclear density =

25 sy




3, A=swert The graph indicates that the attractive foree between the "
T L 5 - " . ‘ 3
W( aucleons is strongest at separation to = | fin, Fora . D
s....;ation greater than the force s attractive and for separation 0 e
less than o, the force is strongly repulsive. ~to0 L A T

) . iy warnt] %) ‘) ~ foree
T~o characteristic features of nuclear forces 1, Strongest interaction 2. Short-range force

3. Zharge independent character (any two)

ar forees

4. Aeswer:(i) Saturation is the Short range nature of nucle ‘
leus I m is the average mass of a nucleon, thep

(i) et A be the mass number and R be the radius of a nue
Mass of nucleus = mA

Volume of nucleus = 4/3 n R*

=4/3 m (RoA'"™)* = 4/3 1t Ro*A

Therefore nuclear density = mass of nucleus / volume ol nucleus

MA/(4/3 1t Ro*A) = 3m/(dr Ro*)

clearly , nuclear density is independent of mass number A of the size of nucleus.

S, Answer: 1. Nuclear fission : Binding energy per £ 4
nucleon is smaller for heavier nuclei than the d a0 We | Mdo wl v whn g
middle ones i.e, heavier nuclei are less stable, g Yo M ~]
When a heavier nucleus splits into the lighter T (‘:J
nuclei, the B.E./nucleon changes (increases) from
about 7.6 MeV to 8.4 MeV. Greater binding E i
energy of the product nuclei results in the 2 L"
liberation of energy. This is what happens in ) '
nuclear {ission which is the basis ol the atom 0 50 i 150 T
Masa number (A)

bomb.
2. Nuclear fusion : The binding energy per nucleon is small for light nuclei, i.e., they are less stable. So

when two light nuclei combine to form a heavier nucleus, the higher binding energy per nuclcon of the
latter results in the release of energy.



e

;a;;-gmm.tef% P and o tvpe, pa

for-ard and reverse bias, soplication of

-

CNLY O TENPERATIRE \

NG, OF HOLES= Wik GF /—\Q
EL:‘C}KL“&S WERNET ]

zlizive Mes cnly) famimic
kam

CHAPTER 14
S \lz.m Devices E; HS SEMICONDUCTOR EL ECTRONICS
;(»:@nc:&m\ snd  inselatpes E ele Cirouits Encrsy bends & m-&::::. E!.;

ad euTinss

ctor diode - w-f-««m
mm ﬂnﬂ'@xm‘

Mindmap

P
o

< gIZy
Erh

WESRE

S DAL

m‘vmm‘
T SAC TIPS

JﬂGﬂKtﬁJ
‘m

m":mc‘\ N

ETRNSC

=

2 R

TR e MR el o




GIST OF CHAPTER

th.rough them.

overlap which allows free movement of electrons.

Semiconductor Electronics were discovered as a part of experiments in the 1930s,
This led to the realization that certain solid-stute semiconductors and their junctions l".r:’ /)

ha-{ the capacity to control the number and direction of flow of charge carrlers ‘:l

A =zmiconductor is a type of material whose resistivity is between a conductor

(siiver, copper, etc.) and insulator (glass, diamond) which is
p=10°- 10° N-m ;

Insulators, conductors and semiconductors can be differentinted based on thelr energy. bands,

» Metals:- In metals, the valence and conduction band lie very close to each other and somethmes eve
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which discourages movement of electrons,

> Semiconductors:- The energy band gap is smaller in
semiconductors which encourages some electrons to

enter the conduction band by crossing the gap.
Eg-Si=1.1eV Eg;Ge=0.74 eV

Types of Semiconductors

¢ Intrinsic
e Extrinsic

> Insulators:- In case of insulators, the conduction band dnd valence band is sepdmtcd by 4 large gap

- Y, S
o conduAson
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Electron energles

Semiconductors are classified into two types based on the number of electrons and holes.



' Intrinsic or Pure Semiconductor:
ntrinsic semiconductors are free from jm

| purities, Examples: Germanium and silicon

o for Pure Si (Z=14) and for Pure Ge (2=32).
Both have 4 valence electrons,

o All4valence clcctro"_s are involved in : o A
covalent bond formation in Si or Ge crystal,

o Ithas an equal number of holes and free
clectrons.

Thus, Ne = nn = ny
Here, ni = intrinsic carrier concentration, =

Covalent Bond

Valence electrons

—
pumber of electrons, nu =number of holes I 2
Extrinsic or impure Semiconductor:

The eclectrical conductivity of intrinsic (purc) e .

semiconductor is dependent on its temperature, However, at room temperature, its conductivity is very
poor.

o The addition of certain impuritics (very small amount-in part per million ppm) can increase the
conductivity of the intrinsic (natural) semiconductors.
The process of addition of impurity is called doping and the impurity atoms are called dopants.

The impure semiconductor thus formed is called a “doped” semiconductor or Extrinsic
Semiconductor,

An Extrinsic Semiconductor can be of two types based on the type of doping.
» n-type semiconductor doped
with Pentavalent impurity
atom. Examples include
Phosphorus (P), Antimony (Sh),
Arsenic (As).

Here ne >> np , that is the number
of electrons is greater than the
number of holes.

7 p-type semiconductor doped
with Trivalent impurities

atom. Examples include Boron (B), Aluminium (Al), Indium (In).
Here nw>> ne, that is the number of holes

: ] "o
1s greater than the number of electrons. \s, aj\c'ﬁ/— " ) _

Donor level

&

The electron and hole concentration in a
semiconductor in thermal equilibrium
is given by n.. ny=n? N

P-N Junction r ?\

By Considering a thin p-type silicon (p-Si) J " » 7 et

semiconductor wafer and adding precisely, |- L Y ENCHD O ,

a small quantity of pentavalent impurity, o\ e oo Acceplor level

part of the p-Si wafer can be converted

into n-Si, The wafer now contains p-region and n-region and a metallurgical junction between p-, and n-
region,

Two important processes occur during the formation of a p-n junction are diffusion and drift,




Init _..y.diffusion current is large and drift current is small, As the <— Electron difTusion
difl sic process continues, the space- charge regions on either  Flestron drift —3

side vi the junction extend, thus increasing the clectric field bt
strength and hence drift current, This process continues until the P g
diffuz:on current equals the drift current. 659%

i | e— Depletton region
Hole dilfuston —>
€= Hole drift

semiconductor Diode

A se¢aconductor diode is basically a p-n junction PR gy T .
with metatlic contacts provided at the ends for the °‘;' AN NN - &
application of an external voltage. 1t is a two- i . e \\\ ~
N i " Fepletainy eontact %%
terminal device. kaver '
Symbol. R R
W b sl i
> When an external voltage 1 is applied across a
semiconductor diode such that p-side is connected to the e Lo A
positive terminal of the battery and n-side to the negative o
terminal |, it is said to be forward biased. In forward bias, it P § "

offers very low resistance.
> When an external voltage (1) is applicd across the diode such that n-side is positive and p-side is
negative, it is said to be reverse biased. In reverse bias, it ofters very high resistance.
> The ratio of forward biased to reverse biased resistance for p-n 1|1k
» . » » -,
junction diode 1s 1074:1. > W e—

Characteristic curve study for p-n junction diode in forward and reverse bias:-

1owns
{7 VoltmeterV) =\ Volimeter(V)
\Z 29, 100 —
) -y
r\z | S ag —
‘}/;1 3 J:‘ 20 —4
it Q) ’ 100 80 &0 49 :— ves
ianuneter Microan ; s
(Al (kA) * 39 =]
20 —
Ly | swch 5 | swien 2]
7 - o

Application of Junction Diode as a Rectifier
Ancelectrical device that converts alternating current into direct current with the help of adiode is
called a Rectifier. There are two types of rectifiers:

1. Half-Wave Rectifier 2. Full-Wave Rectifier




- el

A talfavave rectifier is defined as a type QF%HM ;

only allows the one-halfeyele ofan AC voltgye ;r dlu.t . s o
{he pulsating DC veltage, ge and gives = N
There is only one diode in the half-wave rectifier, whict

helps to rectify the AC voltage to DC voltage, o = = .
o ey ) Y : bes e

:ﬂ t::l;;t:r:;&ﬁ:‘mm of output direct Current in a half wave BAVARYE=!I=3 e

v L

oA E

Full Wave Rectifier

Full-wave rectifiers have two diodes where the first diode will conduct in the positive half cycle and

ather dhadexlll con‘duct in the negative half cycle. It will give full pulsating DC.
The average value of output direct current in a full wave
rectifier is 2lo/x

The sinusoidal wave is complete and with the help of the

capacitor or inductor we can filter and convert pulsating DC
into constant DC. "

;

a3

oy
3
%

Application of Full Wave Rectifier and Half Wave Rectifier
The use of a half-wave rectifier can help us achieve the desired

_bgﬁﬂi
<4
$19|F

sz | Lol i)

=28 3
dc voltage by using step- - —
down or step-up transformers. Moreaver, to pawer up the & |
motor and LED that works on DC voltage, full wave rectifiers PR FATAVATAY
are used. ! 3 Bt
MULTIPLE CHOICE QUESTIONS
ll

Carbon, silicon and Germanium have four valence electrons each. At rcom temperature which one of the
following statements is most appropriate ?

(2) The number of free electrons for conduction is significant only in Si and Ge but small in C.

(b) The number of free conduction electrons is significant in C but small in Si and Ge.

(¢) The number of free conduction electrons is negligibly small in all the three.
(d) The number of free electrons for conduction is significant in all the three.

2. Inthe energy band diagram of a semiconductor, if more charge carriers are seen near valence band. It would

be
(@) an intrinsic semicanductor (b) a metal may be n-type or p-type semiconductor
(c) an n-type semiconductor (d) a p-type semiconductor

10 V. The d.c. component of the output voltage is -
(@) 10WZ V (b 10/x V - () 10V (d) 20/ v

m

3. The peak voltage in the output of a half wave diode rectifier fed with a sinusoidal signal without filter is |
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For these Questions
Select the correct answer to these questions (rom the optlons ns glven below

. 1 T, T R S T KA ¥ G0 Y PP s 7.

Wl cane I the Junetion diode forward blused,
oV p! - B w)fHV
W {:}% + 12V (b) v < =48

(©) (RY {>| 2y () 3V s oV

Arauming that the Junetton dlode In Ideal, wid roslator has reslstance of 200 £3, Mhe current in the
arrangement shown here wil be:

W - 1y

(W) 2 mA (L) 30 mA (¢) 20 mA

| () 10 mA
Which of followlng statements Is not trug?

() Reststuneo ol un intrinste semleonduetor decronses with lieromso In (emporature,
(1) Daping pure SEwith telvalent Impuritios plves ptype semiconduetor,

(©) The majortty earrlers in n=typo semlconductor are holes,

(<) A p=n Junetion can et ws semleonductor dlode,

Choose the correct elreult which ean nehlove the bridge bulance (forward reststance of dlode i5 10 ohm)

N 1 7 "
\\,{i/' i, “‘"\“EE" My .pé,/]*x;,% %}, 0
( (t] o froacere is (ﬂ F— + (J) wa
@) 1] ( , b
2 \) D 1} “ ) 0
“‘.;,' \,\‘ ' i, J‘ \“u\ ’.r,:’t \“:‘\ ’ /"/:’l \I) ‘.f’ I
\ | { '
' { ) et ) ;

(“) 'i? K (b) E K (C) "-"'"":;—'(,'(’ (d) |L.-—4~;r.m,

A student wants to Identity dlode from a mixed collection of dlodes, reslstors, Inductors, awiteh, thyristors,
bulb ete using o multimeter, choose the correet statement out of the followlng about the dlode :
(w) 1tis two terminal deviee which conduets current In both directions,

(L) Tt1s two terminal deviee which conduets current In one direction only.

(¢) 1t does not conduct current glves an Inltlal defiection which decays to zero,

(d) It ds three terminal deviee which conduets current In the direction only between central terminal and
cither of the remalning two terminals,

4\
\

.

\J Al (
[}
4 [)

() St and Ge are semiconductors, but C Is an Insulator, In S1 and Ge at room temperature, the energy band
gap is low due to which electrons in the covalent bonds gaing kinetle energy and break the bond and move

to conduction band, As a result, hole 18 created In valence band, So, the number of free clectrons is
significant in S and Qe

()

()« Vao™ Vayy= Vox 2/ =20/ V

(b) -2V 2,5V

(<) 10 mA, idenl diode has zero resistance when forward blased,

(c) 'The mujorlty carriers In n-type semliconductor are holes,

(0) In balanced bridge, Galvanometer will show zero result, Condition- P/Q = R/S

(b)
ASSERTION- REASON BASED QUESTIONS
two statements are glven one labelled Assertion (A) and other labelled Reason (R).

A. 1l'both Assertion and Reason are true and Reason Is correct explanation of Assertion.
B. Ilboth Assertion and Renson are true but Renson 18 not the correct explanation of Assertion.




CIEANserton 18 tae but Reason |s e,
o DO Assertion and Reason are (hise,

Leoasasertion (A) As the temperature ol o semiconductor Inerenses, Hs resistance dccrcuscs.l S
teenson (R): The energy pap between conduction band and valence bind 18 = 3¢V In semicon ,

20 Assertion (A The reststivity of o semiconductor Inerenses with temperature, cba Y
Leeason (R): ‘The ttoms ol u semiconductor vibrato with larger amplitude ot higher temperature
frerensing 1t veststivity,

3. CAssertion(A): Semlconduetors ure used to butld dighal logle clrevlts,

Renson(R): "They cannot enslly switeh between hiph and low voltage states,

. . ; W ole ‘Silicon over
Assertlon(A): In dighal electionles, we preler Inteprated clreults or diodes ete made up of Silicor
Germuanium,

Reason(R): Silicon has better thermal stability,

Assertion(A): Inan intrinsie semiconductor, the Fermi level lies midway between conduction and
valence bands,

i’

Reason(R): There are more electrons than holes in an intringic semiconductor,
Assertton(A): The band Rap of Germanium is higher than that of silicon.,
Reason(R): Germantum has higher resistivity than stlicon.,

ANSWERS .

Co Explanntion: Ay temperature tises, the electrons of valence band sufficient energy and jump to
conduction band, 'Thus, the resistivity decreases, So assertion is true. In semiconductors the energy gap
between conduetion band and valence band is small,

2. D, Explanation: Resistivity of semiconductors decrenses with temperature. So, assertion is false, Electrons

from valence band Jumps to conduetion band with rise ol'temperature and hence the resistivity decreases.
Henee, the reason is ulso fulse,

3. C, Explanation: Iast switching makes semiconductor:
4o A, Explanation:
8

6.

s ideal for logic.
Silicon handles higher temperatures ¢lfectively,
C, Explanation: Reason is fulses intrinsic semiconductors have ¢

qual electrons and holes,
D, Explanation: Both statements are false,

VERY-SHORT ANSWER QOUESTIONS

L. Inap-n junction, width of depletion region is 300 nm and clectric field of 7x10° V/m exists in it.
(1) Find the height of potential barrier.

(i) What should be the minimum kinetic ener
10 the p-side?
Answer:- (i) V=E.d=7x10% x300x10™ =0.21V
(ii) Kinetic energy =¢V =021 ¢V
2. The diagram shows a picce of pure semiconductor 'S’ in series with variable

gy of a conduction electron which can diffuse from the n-side

resistor R and a source of constant voltage V. Would you increase or decrease v S

the value of R to keep the reading of ammeter (A) constant when semiconductor

‘S" is cooled ? Give one reason. PO
{Answer- Deerease the value of R W——-

Reason : on cooling, conductivity of the semiconductor decrcases} ‘
3. When a diode is forward biased, it has a voltage drop of 0.5V. The safe limit

oSV R
of current through the diode is 10mA. If a battery of emf 1.5V is used in the
circuit, the value of minimum resistance to be connected in series with the 10mA 4
diode so that the current does not exceed the safe limit will be?
Answer- Applying Kirchhoff’s voltage law 15V

s -




1.O=U.D=KX 1UX1U-3=0
~R=100Q

I >th the diodes used in the circuit shown are assumed to be ideal and have
gligible resistance when these are forward biased. Built in potential in 4
cach diode is 0.7 V. For the input voltages shown in the f;
(in Volts) at point A is
An=wer- Right hand diode is reversed biased and left-hand diode is forward ! - o
viased. Hence Voltage at ‘A’ V5 = 12,7 - 0.7 = 12 volt .

gure, the voltage V=127V 4v

5. <n the following circuit diagram, is the junction diode forward biased or reverse biased ?
T U
- thY =
(i) = (ii) ' (iii) - 16yl
47V S i wisin
A L1 % r
(iv) ™~ (v) Lonv

{‘Answerb (i) reverse bias (ii) reverse bias (iii) Forward bias (iv) forward bias (v) forward bias
6. Draw and explain the output wave forms across the load resistor R, if the
mnput waveform is as shown in the figure,

\ : i +5Y
{Answer:-since the diode will be forward biased during the first half only,
A
s0 in 2" half of input signal there will be no output, ﬂ— o
... b4
7. The circuit shown in the figure has two oppositely connected ideal diodes | o
connected in parallel. Find the current flowing through each diode in the _M‘
circuit.
{Answer:- through D1, 1=0, through D2, = -,}& = 24} Rz

SHORT-ANSWER QUESTIONS

1. Three samples are given to you. One is Copper, 2™ is Germanium, 3rd is Glass. Identify them as a
conductor, an insulator or a semiconductor. Distinguish them on the basis of energy band diagrams.

{Answer:- 1* is a Conductor, 2" is a semiconductor, 3 is an insulator

(a). Conductors (Metals) :

In conductors either conduction and valence band partly overlap cach other or the conduction

band is partially filled. Forbidden energy gap does not exist (This makes a large number of free electrons |
available for electrical conduction. So, the metals have high conductivity.

(b). Semiconductors : .

In semiconductors, the conduction band is empty, and valance band is totally filled E, is quite small (3 eV).

At OK, electrons are not able to cross this energy gap, and the semiconductor behaves as an insulator. But at
room temperature, some electrons are able to jump to conduction band and semiconductor acquires small
conductivity

(¢). Insulators

In insulators, conduction band is empty and valance band is totally filled. Ey is very large (=6 eV). It is not

possible to give such large amount of energy to electrons by any means. Hence conduction band remains
total empty, and the crystal remains as an insulator.

. D A5 O <. 0 >~ ... . N 1, 2R
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A) Sretas gt i gt

12 A pore semple of Ge with znother Ge sample which is doped ith

properties of both semples formed.
{Answer- G’a:ts’mw,?‘ﬁwmscxﬁmie,

Intrimsic .‘%emmﬁnductor [Extrinsie Semiconduetor N
iv 1. hkapere semicondoctor. | V.15 2 semboondiactor Wi u8458 Gy,

S i _2n,#n

3. _Low conductivity ot room tesmperature 13, Haé?a conductivity 2 room Loy

*- Tos elecwice] conduciivity depeds onthe | 4. Is Shecinicn] conductivity Wﬁwﬂwfw‘
t=mperatiore onfy. znd the zapout of doping,

e

e

Empmity (each with imperity concertresion 1 in mﬁ)‘iﬂj
{Am*er First s p-ivpe extrimsic semiconductor, 2% one is n-ty e extinie semicondictor.

device which will produce 20 otpt freguency of 100Hz, 1851ify Gus serdficonductor devics, Explein s

-

fores.
§Apswer— Dzvice s Foll wave rectifier.

Working Principle- 2 diode oifzrs low resistance when Waﬁmmmmmmwﬁm,wwm
Bizsed.

Drrine the positive helf oycie of 2. fnpet gt sizrel, diode Dy gts forward biased znd conducts while Do being
reverse bizsed does not conducts. Hence, there s 2 curent & By due 3o fiode Dy zod w2 22 2 outps

WoatzoE

1 2 = 9
Tm%g;mvmwmﬁ& cycie of 2. wnpt signe] & the same Srecion.

{3 1%&0}Siéwﬂmmrah“rmmzmgﬁfm%" sidle whish is duped with pamavilen |

enderlying working principle znd working with belp of 2 ciroult dlagram. Depict the bnpt and ostpt vzve |

szgz&emwmﬁoyakafa:wxsggﬂ,&oﬂema,smmebmmmhmmm }:::}g
D» btz forwrerd Biased conducts Herce, now tierz i a corent i Ry due to Sode Dr and agsin we petan i

Empasity of 13% or 15% group dements with impurity concentetion | in miffion, Yotisy sd compme %% |

4 Astodom wents o produce 12V de. from 228V, 50 Hzac. sizsed, Firtly, e steps down G votage from |
220V zc @012 Vac wsing a transformer and (o conveat 12V ae. 19 12V doe. be wies 2 seauiconductor |
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Y } Diodle 1) 7 o
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S Nuppose o pure Sterestal has § 5 10™ atoms m, 1018 doped by Tppm concentration of As, Caleulate the
namber ot electrons and holes, Glven that ne« 1LEX10' m*, Iy the doped crystal n-type or ptype?

PANSWOrEs Lot g = 188 10M

Dopiig conventration of As atoms = 1 ppme= | part per milon

A Number density of pentavalent As atoms,
L 11}
Np = \m\T%%—- - 8 X
Now, the thetmally generated electrons wro nogligibly smatl as compared to those produced by doping, so
Me ™ Npy = 55 10™ ptoms
Also, man 0t
? 53 s '
ANy = %t w LI “:: :\:ﬁ‘ Lt A8 100w
Since the tmpurity is pentavalent, the doped erystal is n-type,
6. The Vel characteristic of a silicon diode is given in fig, below,
Calewtate the diode resistance in () forward bins at V=42 V
and V=41 Voand (b) reverse bins V=<1 V and =2 V.,
Answerts (a) the forwand bias diode resistance is given by

O™ atoms m*!

.

(mA)

SHEE8EIR

av
= 3 Where AV and Al are the small changes in voltage and V(Reverse blas)’
L e ) -1 g
current near the desived voltages, - ! : T N
(2.2 = 18)V 0.4 V ’ T\ Virorwacabiany
LY 1y ) (Forward bias)
yplat + 2V) = = _ = 20Q =107 Qubein volta
1 ) (80 = 60)mA — 20 x 10734 -1 u
Breakdown Microampere

(12=08)V 04V

) ) = =
rat+ 1Y) = S T0ma = 10 X 104

=40Q

\

r

(MA)

(b) in the reverse bias characteristic, the non-linearity in the V-I curve is small. The slopes of V-l curve at -1

V and -2 V are nearly equal,

n(at = 2V) =

0.25 pA

Also, n(at—=1V) =8 x10°Q

=8 x 10 Q

LONG ANSWER QUESTIONS

1. (a) Explain the formation of depletion layer and potential barrier in a p—n junction.
(b) In the figure given below the input waveform is converted into the output waveform by a device *X'.

Name the device and draw its circuit dingram,

ANNANA
AW

Device *N*

CYTYY

Toput

Ouiput

Answer:- (a) p-n junction : When a semiconductor crystal is so prepared that, it’s one half is p-type and other
is n-type, then the contact surface dividing the two halves, is called p-n junction,

S R N 2 AT, TS R S RIS . L1, S e ST SO P, TR IS
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Formation of p-n junction : potential barrier & depletion region e
GiTusion and drift are the two important processes involved during the formation of a p-n junction.

Cue to different concentration gradient of the charge carriers on two sides of the junction, electrons from n-
~ side starts moving towards p-side and holes start moving from p-side to n-side.

Dae to difTusion, positive space charge

region is created on the n-side of the

junction and negative space charge region is

created on the p-side of the junction. Hence

an electric field called Junction field is set up from n-side to p-side which forces the

minority charge carriers to cross the junction. This process is called Drift.

The potential difference developed across the p-n junction due to Blortsot s 3 + S Elctras. ffasios

diffusion of majority charge carriers. which prevents the prfockel o
further movement of majority charge carriers through it, is é'
Acczpron - oge

called potential barrier. For Si, Vs = 0.7 V and for Ge, VB ol 5,—4 . ™ chor

=03V WO 998 6 gLE™
The sm.all space charge region on either side of the p-n junction, © 6 :6le: e @l

which becomes depleted from mobile charge carriers is 5 O igld 6 éi

! : © 08, & |
known as depletion region (10 m) ] e

P REGICH Sias V3= PG
(b) The device is a full-wave rectifier. Hele ‘ffuh-——b;w — Fie &t
The circuit diagram of a full-wave rectifier is represented as-
2. (a) A student connects p-side of a p-n S
junction diode with positive terminal of . ey i
battery and n-side is connected with negative E I I Sentee: = X
terminal of battery. Another student connects iﬁp L — Z
the diode in opposite way with battery. IR Pieac 2 e
= Y

ldentify the biasing in both the cases. Draw =
the circuit diagram of these biasings of a p-n junction.

(b) If the ratio of the concentration of electrons to that of holes in a semiconductor is 3/7 and the ratio of
currents is 4/7. Find the ratio of their drift velocities.

{Answer:- Case-1 Forward biasing :

When the positive terminal of external battery is connected to p-side and negative terminal to the n-side, then
the p-n junction is said to be forward biased

(5 \YoltmetertV) Cunem 4
(&)
Ny
P n
’I
Milkammeter
o
Switch - .
ﬂyij J eTw Votage

Case-2 Reverse biasing : When the positive terminal of extemal banen is connected 1o n-side and
negative terminal to the p-side, then the p-n junction is said 10 be reverse biased
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(b) Relation between drift velocity and current is

1 ‘
I = nAeVy, 2 = DledeVe or Z:Zx&. ov-‘-,-f-.—::
I npAevy 4 5 Vy Vh 4

CASE STUDY-BASED QUESTIONS

Extrinsic semiconductors are made by doping pure or intrinsic semiconductors with suitable impurity,
There are two type of dopants used in doping, Si or Ge, and using them p-type and n-type semiconductors
can be obtained. A p-n junction is the basic building block of many semiconductor devices, Two important
processes occur during the formation of a p-n junction: diffusion and drift. When such a junction is formed,
a depletion layer is created consisting of immobile ion-cores.

This is responsible for a junction potential barrier. The width of a depletion Jayer and the height of potential
barrier changes when a junction is forward-biased or reverse-biased. A semiconductor diode is basically a

p-n junction with metallic contacts provided at the ends for application of an external voltage. Using diodes,
alternating voltages can be rectified.

(i) Which of the following is a donor impurity atom for Ge ?
(A) Boron (B) Antimony (C) Aluminium (D) Indium
(i1) When a pentavalent atom occupies the position of an atom in the crystal lattice of Si, four of its electrons |
form covalent bonds with four silicon neighbors, while the fifth remains bound to the parent atom. The
energy required to set this electron free is about :
(A)0.5eV (B)0.1eV (C)0.05eV (D)0.01eV
(iii) During formation of a p-n junction :
(A) a layer of negative charge on n-side and a layer of positive charge on p-side appear.
(B) a layer of positive charge on n-side and a layer of negative charge on p-side appear.
(C) the electrons on p-side of the junction move to n-side initially.
(D) initially diffusion current is small, and drift current is large.
(iv) (2) In reverse-biased p-n junction :
(A) the drift current is of the order of few mA.
(B) the applied voltage mostly drops across the depletion region.
(C) the depletion region width decreases.
(D) the current increases with increase in applied voltage.

OR
(b) The output frequency of a full-wave rectifier with 50 Hz as input frequency is
(A)25Hz (B)50 Hz (C) 100 Hz (D) 200 Hz

Answer:-1).B if).C iii).B iv).(a)B OR {byC




