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25 Normalize the wave function
w (x) =0 outside the box of size /
y(x)= Asinkx 0<x <l

n
where k= n [GGSIPU, May 2012 (4 marks)]
+ a0
Hint : [tyPdx =1,
- I
Here w(x)= Asinkx:AsmT=I A%sin? Zdx =1
0

From above expression, A = \/?

Then v, :J-?sin%
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Example 1.5 Find the smanest

mis (Given h =663x10-3 possible uncertainty in position of the electron moving

Js, my =9.1x 10731 kg
Solution. Given v = 3x107 m/s

Let Ax . be the m
Inimum uncertamty in position of the electron and Ap th
e maxim
uncertamty in the momentum of the electron ’ N

with velocity 3 x 107
[GGSIPU, May 2007 (2.5 marks)]

Th ‘ . -
us we have, Ax . -Ap = o (i)
or AP = P=mu
v
APmax = = ‘

/1+-“
7 4
/ 6.63x1073 |1 [3“1” ]

3% 108
:’-m"gv 2:&314%91:&10-31 x3x107
‘ | =0.03867x0.9949x107° m =3.8x107% m

II'I

Example 1.7 Show that the uncertainty in the location of the particle is equal to de-Broglie wavelength the

uncertainty in its velocity is equal to its velocity. [GGSIPU, April 2014 (2 marks))

Solution. Given Ax =),

Since we know that the uncertainty principle

AxAp, =h or AAp, =h
or Ap, =-;1: or Ap, =p
or mAv, =mv, or Av, =0,

Scanned with CamScanner



l.l

1.23 A typical atomic nucleus is about 5 Fermi in radius. Use the uncertainty principle to place a lower
limit on the energy an electron must have if it is part of nucleus.  [GGSIPU, Feb. 2012 (2 marks)]

Hint : We know that 1 Fermi=10"" m

The uncertainty principle in electron’s position is
Ax =5x10"m

Ap> h_ 6.626x107]s

A 27 x5x107m

The momentum would also be of the same order if this is the uncertainty in it. This suggests that the
kinetic energy of electron is far greater than its rest energy and it can be written as

KE = pc, so that

=2.11x107%° kg m/s

pe 2 (211x20 kg m/s) x(3x10% m/s) = 6.33 x 102 » 39 MeV

Thus, the kinetic energy of an electron must exceed 39 MeV, for it to be a nucleus constituent.
Experiments indicate that the electrons in an atom have only a function of this energy. Thus, we can
conclude that the electrons are present in the nucleus.

1.24 An electron has a speed of 2x10*ms ™ within the accuracy 0.01%. Calculate the uncertainty in the
position of the electron. [GGSIPU, May 2017 (2.5 marks)]

h
Hint : AxAp, = Ax(mAv,) = o

h 6.63 x10~>4

= 3 1 =29 um
nnmAv,  4nx9.1x10™" x(2x10" x0.0001)

= Ax =
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1.5

1.6

1.7

108

A ball of mass 107 kg moves with a velocity of 10°% ms™', What is the de-Broglie wavelength of the
ball ?

-4
Hint : )‘_.h h 6.626 x10™" Js

I i~ S —— Y

- —] "29
p omo 1079 kg 10 msT 6.626 x10™" m

An electron and a proton have the same de Broglie wavelength. Prove that the energy of electron is

greater. [GGSIPU, April 2015 (2 marks)]
. h h h h h
Hint: l:-—-:-—-—-—:—-_—:-_—,,then)\, =\ ==
p mv  J2mE S = 2m,E, Zranp
m,_E m_E ‘
mE =m E =L P o =_r7r
mE=m,E, = E " since m, <m,, s E, ”

An electron and a proton are moving with same veloci
wavelength, (ii) phase velocity and (jii) group velocity.

A hoomu, m,

ty. Find the ratio of their (i) de Broglie
[GGSIPU, May 2015 (6 marks)]

Hiﬂt: (i)—'::-—-x_u_:_.
lp mu, h m,
v U v v v
(if) S =2 =1 and (ii)v v, =c® so L =—t_1]
v v P8 v v
8 P Py P

Calculate the de Broglie wavelength of basket ball of mass 1 kg, moving at a speed of 10 ms™.
Discuss the reason, why we cannot observe its wave nature.

-34
Hint: A= .L - %—- m=6.63 x 10°m which is not measurable.
X

[GGSIPU, May 2015 (4.5 marks)]

mov
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1.16

117

1.18

119

Find the phase and group velocities of an electron whose de-Broglie wavelength is 1.2 A.
[GGSIPU, Feb. 2012 (5 marks)]

Hint : n, ¢® =511 keV, my =9.1 x 1073 kg
2 2
% - 21’:112 = Emvz - 2:127\.2
= v= ’—’% =6.07 x 10° m/s
v="1v, =6.07 x 10° m/s
But V0, = c?
= v, = C—ZS = (:0;1)?;2)26 =1.48x10'0 m/s.

Calculate the de-Broglie wavelength of 40 keV electrons used in certain electron microscope.

[GGSIPU, May 2011 (2.5 marks)]

Hint : E=40keV=4.0x10°x 1.6 x1076] =64 x 10715 ]

E= % mv>  or v=+2E/m

de-Broglie wavelength, A = £ e . 6.15x10" " m

mv 1/2mE

Calculate the de-Broglie wavelength of an electron accelerated through a potential difference 100 V.

[GGSIPU, April 2011 (2 marks)]

h h 1.228x10°10 10
Hint : A= —= = =1228x107%m =1.228 A
n mov JZmE JV

A nuclear particle is confined to a nucleus of diameter 5x10"*m. Calculate the minimum

uncertainty in the momentum of the nucleon. Also calculate the minimum kinetic energy of the
nucleon.

[GGSIPU, Feb. 2009 (2 marks)]
Hint : The diameter of nucleus (Ax) =5x10"¥m

Apr=h

-34
- A h  1.05x10

= = kems ) =2.1x102kem s~}
P=ax 5x100% © 5

i , p*  21x1072
and the minimum K.E. ‘of the nucleon = 5 =

here m, = mass of nucleon.
m, 2x1m,
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120 An electrun has a de Broglie wavelength 2 pm. Find its kinetic energy, phase velocity and SPUHP
velocity of its de Broglie wave. Rest mass energy of electron is 511 keV.
[GGSIPU, Feb. 2017 (3 marks)]
Hint: my =511keV =~ = my=91x10""kg

2
KEZm

1 ‘
m Emﬂ‘; = qg=? = Dpvg=c2=?
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Example 2.2 A particle limited to the x-axis has the wave function y = ax between x =0 and x =1, w =0
elscwhere. Find (a) the probability that particle can found between x =0.45 and x =0.55. (b) The expectation
value {x) of the particle’s position. [GGSIPU, May 2014 (3 marks), Feb. 2008, April 2007, Feb. 2012 (2 marks)]

Solution. (a) The probability is

X 0.55 3055
f\wlz dx = a* I x? dx=a2[x—} =0.0251 a*
x| 0.45 3 loas

(b) The expectation value of the particle’s position is

| (x)—.l[xl ‘zdxﬁuzi 3 dx =a? ﬁl—ﬁ
| =| x|y = " dx=at| =\ =

0 0 0

2.13 The eigenfunctions for a particle in a 1-Dbox are given by y(x) = \E sin"™ Find the expectation
a a
values of (i) position and (ii) momentum in the rth quantum state.

[GGSIPU, May 2016 (4 marks)]
@ a 7
Hint : [f} {I} - j‘l!;mﬁdx = '2‘51‘5].112 Ed’x
a a
1]

-

Integrating by parts, we get: () =;
This result is as expected ; the probability density w * y is symmetric about (x) = e;, indicating that
the particle spends as much time to the left of the center as to the right.

y T (pdY 28T d (. nnx
(i) {p,) j q:n[:hdx)q.r"dx =—-]sin E(ﬂn—]dx

-0 | a

ﬂﬂﬂ

2ihnnt . nrx nmx imnt . 2
Ism cos dx = 5 jsm muﬁx
a i 2 a

Solving the integral, we get (p,) =0.

Again the result is expected. The particle moves back and forth, spending half its time moving

towards the left and half its time moving towards the right. Thus, the average momentum must be
Zero.
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29

211

212

Consider a particle confined in ane-dimensional box of width L Find the probability that the p Part,
{ .

- y
is found between x =0 and x =1/nw

/“ Y
Hint : \l',,(")“‘\ sin - 1

2 nmnx
ﬁ\p (x)1? dr—T qlan.r
M M
v 1 2|7 l__l_sin_ziml] _1
- T"’ﬂ?‘" I |x=0 n 2nn nl n

hen it is in 1th state, [GGSIPU, April 2015 (; "“du ',

An electron is contrained to mvoe in a one dimensional box of length 0.1 nm. Find the first thes

energy eigen values and the corresponding de Broglie wavelengths.
[GGSIPU, May 2015 (4 maris
e h? 1 x(6.623 x107)?
Hi =
nt:E=9F T BT Eeax107)x(0.1x107)
1 x(6.623 x107>)
E - 3 3x107H)?
8x(9.1x10°1)x(0.1x1077)% x(1.6x107*?)

Then E =37.5eV, E, =150 eV, E, =337.5 eV

eV =237.5 eV

For de Broglie wavelength A = s
,f2mE"
Find the probability that a particle trapped in a box ‘L' wide can be found between 0.45 L and 0351
for the first excited state. [GGSIPU, May 2015 (4 marks!
X X
Hint : w"=\jgsin$ H P=f|w"(x)|2dx=—f-fs' g—"fﬁd
5 M

_ i——l—s'm 2nmx |2
I 2nn ],

1

Now x; =0.45 L and x, =0.55 I and n =2 for first excited state, on solving it we getP = 9.8%.

The wave function for a particle in a 1-D box is given by y(x) = Jg sin mm’. Show that the wav
‘ a a
function for two different states are orthonormal.
[GGSIPU, May 2016 (3 marks!

Hint : For the eigenfunctions in the mth and rth states, m = n, to be orthogonal, we must have

T\}v;\u LAx =0

3

For the given wavefunction, v m (X)= ( . then y (x)= Z sin S
a a
j ym\p dx =- If;m e sin nm dx
ay a a
Therefore - [Ic £ a")m dx ~ J cos {11 MR ;!.\-]
0 0 "

4

a5
- 15

I o S
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A3 i i . h
2.13 The eigenfunctions for a particle in a 1-Dbox are given by y(x) = \/z sin ™™ Find the expectation
: a- a

\‘ralues of (i) position and (i) momentum in the rth qﬁantum state.
[GGSIPU, May 2016 (4 marks)]

. N . f |
Hmt: N (0= J-W,,xwudx=zj'xsin2n—nxdx
e a a
0

Intégrating by parts, we get: (x) =2
2

This result is as expected ; the probability density y *y is symmetric about (x) = %, indicating that
the particle spends as much time to the left of the center as to the right. .

. T ., d 2int . d nx
(" — (h_.) _— i — 1 n_
) (P, I\un ih— v dx ) 0sm 7\ sin— .dx

2ihnn | nnx nnx ihnn't . 2nnx
in cos dx = — Ism dx
a a; a a a a

Solving the integral, we get (p,) =0.
Again the result is expected. The particle moves back and forth, spending half its time moving
towards the left and half its time moving towards the right. Thus, the average momentum must be

Zero.
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2.4 For an electron in a one-

dimensional box of width 2 A, calculate the separation between the joyse
two levels in eV.

[GGSIPU, June 2013 (4.5 marks’
1wh?
Hint : = —
' Eu 8ml*
L1342
= E - Tqbsox10") =2273x1071] =1.42 eV

T 8x9.1x10° x(2x10°10)2

en two rigid walls separate by 2 x 10~ m. Find the de Broglie
hree allowed energy states of the electron.

2 [GGSIPU, May 2017 (4 marks)]
Hint:E:ﬁ’__ = h‘:_”zflz - 3 c 2
" T E— | =
8mi? by 8ml? n =2 *8ml
Ao o= -\3-/.]_0_’3_~__ %83 ~-31 -9
1 (6.622]0‘34) #8%(9.1x10 )%(2x10 )2 =132 x10° m
G- 3x10 .
- - '\_ - e - —
L 466251070 “BHO11107) (201092 5 4 21076 1
by = 3710

9662109 P OIA0) (210902 1 47 1006 m

‘ . . e T m
Problem 2.8 The wave function of a certain particle is yw = Acos® x for ~5 <x<g

T
(a) Find the value of A (b) Find the probability that the particle be found between x =0 and x =—.

[GGSIPU, Feb. 2012, (5 marks) reappear]

Solution. As y = Acos? x —1—2‘: <x~:§-
n/2 .
(ﬂ) I |\Fi dx:]
-n/2 ,
n/2 -
2 4 _ A23% .
= 2A ‘Lcos xdx=1 or 2 -
=X 2_ '. A=JE
FA =1 . b |
1'!!4 1'!"4 F
() P=j|‘l’| dx=A ];cos xdx as A =
| 0
P=— I cos? x dx =0.462
: 3n o
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Scanning electron microscopes

Scanning electron microscopes (SEMs) have become powerful and versatile tools for material
characterization, especially in recent years, as the size of materials used in various applications.

Electron microscopes use electrons for imaging in a similar way that light microscopes use
visible light. SEMs use the electrons that are reflected or knocked off the near-surface region
of a sample to create an image. Since the wavelength of electrons is much smaller than that of
light, the resolution of SEMs is superior to that of a light microscope.

How SEMs work

In scanning electron microscopy, the electron beam scans the sample in a raster pattern. First,
electrons are generated at the top of the column by the electron source.

Scanning Electron Microscope

Electron source

| | [ | Anode

<'h_.- > Condenser lense

Scan coils

Secondary < >
-~ < » .‘v -
electron detector — Objective lens
~~~~.,:::‘
I | Sample

Basic components of an SEM

Due to very narrow electron beam SEM Micrograph have large depth of field giving structure
of sample.

The scan coil produces a magnetic field which deflect the electron beam in a controlled way.
Varying voltage is applied to the coil of the cathode ray tube which produce pattern of light.
When the electron beam hit the sample, it produces secondary electron.

The entire electron column needs to be under vacuum. Like all components of an electron
microscope, the electron source is sealed inside a special chamber to preserve vacuum and
protect it against contamination, vibrations, and noise.

Advantages: 1. Bulk/powder samples can be used

2. Provide much greater depth of view so it can produce image that can represent 3D structure
of sample.
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1 COMPARISON OF MAXWELL-BOLTZMANN, BOSE-EINSTEIN AND FERMI-DIRAC STATISTICS

I

F.D. Statistics

[ Particular M.B. Statistics B.E. Statistics
1. | Nature of particles Particles are identical but dis- | Particles are identical but indis- | Particles are identical but indis-
: tinguishable. tinguishable. tinguishable.

2. | Size of the phase cell The available volume of the | Minimum size of the available | Minimum size of the available
phase space cell can be small as | phase space volume is of the order pha.ge space volume is of the order
we like and can even approach | of I°, where h is the Planck's | of i°.

Zero. constant.

3. | Number of phase cells The phase space can be divided | The phase space can be divided | The phase space can be divided
into any large number of cells of | into number of cells whose | into the number of cells, whose
our choice. number is limited as the phase | number is limited as the phase

space volume of each cell cannot | space volume of each cell cannot
be less than 4>, be less than />,

4. | Number of particles in a cell | Any number of particles can Any number of particles can | A phase space cell cannot accom-
occupy a single phase space cell. | occupy a single phase cell. modate more than one particle.

5. | Macrostates and microstates | A macrostate can have more than | Each macrostate has one Each macrostate has one
one microstates. microstate. microstate.

6. | Energy Continuous distribution of energy | Energy is quantized. Energy is quantized.
is assumed.

7. | Spin The particles are spinless. The particles have integral spin. | The particles have half integral

spin.

8. | Occupation index 1 1 1
eu+BEi eu+BE‘- -1 eu+pgi 1

9. | Total energy |3 3 1 3 1

} | 3T 2 NeaT{ 1=~ 3 Niy{ 1+ —_25,2(“)
10. Symmetric under interchange of | Antisymmetric on interchange of

Wave function

the coordinates of any two
Bosons.

the coordinates of any two
Fermions.

Scanned with CamScanner

PN Y P TT . IV TS



& MiSSive . Povaent ~

Emissive. Povsey o o buly ab o glven b penedune Uy by
c(/wm&il—a o] Resltad} {wxa}_ ewd heol ba Hao [:,QQ[O\L Pery Uw
RS Pen Unr} sy g buly ol Heb boperabine
Endss vty (o) o | ‘ |

E‘:w‘ssi-vrx} W dafivas] o> Ha Radts o) Enangy Redlisel

Frow q Modenied Swifaey, de el Racliafeel Q_mm_&a \\L
wak&ta blagk. bely o} dol bembenedune..

Stefaniy Baltz mann [aw:.

TE Slabe Hidr dolald Rachisherd B Hed  Srain q.bt\ikbed'

Fen Uik e 1 Pr-'b\olovhbwv) do foury
A bolule l—g\»-x‘bmgj—kmp\

Q A-bSe | wle Tobenatine — Tarmperadung i Blaci bq?)

BELT
B = oTH
Wwhane s Shfawy comdant
f= 567y (vS W2 Y

4

FQ\Q"‘—'I b} "‘(71

—

F
LQF:_ Pr}?‘f\.p_ .,
» LQ 2 AE* CG’T\\)\-

—_—

| Q_Qr-— : m“"\@\‘\}] 0}_ "\J&-J‘ Q,M—u'f Ml rb(\) ..\ EL\QK (oaa\.l?

P @
P

| )

Scanned with CamScanner



e s ——

D)\QLLL t‘ed a Rtkt\[ Qi}_“& “\ o }aQrie_\w\:_

T Prachkre thene WA b PUL{QQ" leQLb@CJ't"’—b; IS} paels,

a bL\cmeld I Labbradsrg by #\‘dL\DOL hellaw &bwwﬂl“?
A Shal) tole T, Wlich  Can dbtork 9+ oF Rediohaw.

P e o wlapy
7. (CNTN C\V%N;ot\.'

P Tha btc\Ucbacla; Sechio e
. Uy . '
“ "\\'{:DV‘“-\ Ql\&*"d bk}\a\.\ e:.)‘ G_NU\,JJ Wk Wb{b@ait\

fD &4 N JT\»\\\ C L f
: 'l"“*bﬂmg)—vu\ oltf Fenoc . .
3 P:qe\m~a bowml o) efbam - ‘i\““;l: N“‘W\L““J}i\
! & }e) \
O T B o Rk o o
A given b& Shze, Unelen, Cumve | -  tonnbenoduta_
ik Y

Scanned with CamScanner



A c\\wm,Hd Propoitinnel de  Fouvi Powen ) T

W ;

Abss lute_ kwbensdur=. LAY CSI,.\.;[.;\,,\\Q (C’k‘f\_")

SngF Sl domenly Sherko L bag by ol

MeRBAe TN dvabenchune Pl = ey
C ool Diy blacamtand (avy)

?\V*\"‘ \’\)‘:‘\""’\‘Q"é H’\ Cop N'5 bo '\be rf-o Mtk(\; V\\\.\\'\,\
.-»"\U\ﬂ.&

Scanned with CamScanner



_‘wiztw& DSl laawaedr o -

-——— r—————

Welrsy, digplacna s 1 thos saleHonsiap b

K"‘\PZJLM eSf, G\b[qgkboclo‘(. Qe MV&[&?[’L\ Ny Wiael
ey SUNRS

b ~
o Dblacmant laws Shode. Rk He bleckberly Recliahy

C‘.un_\»:g for cifleek ku«ben_ui—w\&l Praky ad- o MN[&%}L\
Y ‘t'f\\)%(a Proporipns) o o bune_

Ao ol L
L T
P Wl Gory dund

b~ - &‘19; Yls P MMWKKIVTL\.QP\LD

Diraw batid

——

Tha law W akplicabie_ Ob\la F»r Shaelrf s ey

Fren & forr hgh demberebine o Hy e ol
Rc@lta}u‘”). | A ‘

Scanned with CamScanner



RC\Z’,QU J W Jeawy el -

Pog Ruign Teay ey Pop prasy, Hhec F.l_whaya dinhd buksn
TN e Spetdranwe oy o PanaAsa ‘I Texrbenedvne

de

\ p—n

Pccs oy \J to A (e Reshiadow Bl b} S
Parbely 1 Q btqgnbmlJ Fravel oy a WAL -
F\V*ans\% th'za Peny Uil Vibrabe v = KT

K — Beoldymanun Comfucd
T— Takben,m_l—%" )

AN oy o) M\:n\bc-aﬂ—l’\ Pwmaa ch&lFa Lurh«\\k\ o
Kﬂb\yg(\“'(\"ic\?"‘/k :

Natbe v S

e—

A |
SR
o v 'X‘d?\

E&‘“‘(\ LN IV S P-K"—V—ub\ta Corbaypery] o
Q&W T W ey iy |
&vdv; — Badd X

(ANYD
" g 3
Bxda = &n ,?i_f:) T (_%def\

9

AR
T dene 0} \/\MU‘-‘{(&'—E{ }4,\

L em/_Tc[% /

~

Scanned with CamScanner



Dvensd b kA M-

P\e\a Le_“lé\'\ Tenw lewn e PorPominanted  PeSbly o f-
larg wans \u»(jH\ (low Pragquuandt=)) o R o) .S&—w”a%f
PISeygtay o Shonten_ \/\Lﬂ\vur%gh\ Q\rugv\ Pt niey )

Scanned with CamScanner



- ofy hler ,Fe\vt'\d wangiey @ hy o hp

X P‘C\\\QM [ Q)[ p‘-\&l\\&jﬂ‘ok&- ‘

—— e
———e

Al Paaluns SJ_ hyed ra laws & Fwarhrat\ (RN
D Plawe LW T el il am Qv\HlﬂalJ oW bt it
e (e Hal A Chbuen o) L-‘—_Nm#]_ ey Vm"““*—S
Weetlergh o) blag, sy Roeshioheny!

Pﬁ\\«m‘w\g P SSumap hor  wese. Macle -

D E;[c\c_LLb“LJ N Moela L&b ) (NL?( N ‘o bSGL\J‘ihﬁ__
Pashlloy + menc Pesittla Whibtradey 1 Potibile

%> efdileder cugl Wik Charagfnditc Prstian wy »
oS Alleden. o M | s

WD AN oltleder o L ol 27
B l\;\v ‘””\ °‘\SCV“LK. M& au’“\b& )
W P«uwx.\@"\tg s} efq lede 1 |
h— PLKL\U«LJS Cov b}
" - \t\— C}V\ ;D/\/Rﬁgx Uaanbang Muavaber
- l Yledsr g wa} v}l e B b, QM9}®@K\0LQ(
bv\a Y Juwe - 2 ‘ s

B L N e A UCSUSERRS IR P N O Ay be_
Hé—\sl_ deb) Ekm;(m o} M(_ ot lbeyy , e P\\I‘CDL?K
e IRV S RIS loa

| o L Es B
NO\Q l-&l"‘ Né) ‘H' 'HL—‘-—‘——.«-—-NV\ lo-g_ 4_‘/\\ H\\V\\“)-t.\h G}-
—nnhy
fb} Mt A buhen RPormaly, Wa NG

| Nz Ne e V(KT

W ale | e
MA ek e Wiy o) Ul dxovpencding belowuon

)

. R — of
RIS DI L T e L4 Ta) 4 wmen P R —— e . fJ'_

Scanned with CamScanner



 Po V\c\‘[b\(7 o Mag wdl Bolbomene DY A bulen law

Numben o ofallaker L) ot Grangg @) 1A g1 e by .

H"\: ‘\LQ-—G.V\IKT
Pyvera g Rnang y q) oSallefor B3 Giirm b& -

CBY = 5w Batlw

B —hhv | T
= Ny
=
e_,r\"\\*\'@'r
—2 WV [T
- o+t hV Fhvlu:rrtl—"\\fe—- A —
—— _ony [k
| 14 QJ\V(LT"' - *1--——'—
le & e_-—lf\w kT ‘
- 'L ey = Ve et X

vt > — — ——

o WKL C LT
Wt CLo e

Clo |
2> avwe g
C =)
- hV e VieT

. Q,_b\u [ Lcr)

[
ALY
e e Y [T €D
ﬁ;\ ‘

it iy AN
& Bl q“}& Q—N‘“—;J b LGN T INY

" Scanned with CamScanner



Plam cyq Pusl e sy, Pornaa g

 Nawapen, cs} OSQ e 1M dHhg PNLWD\QJ Pc_("\;& vE Yy
. Bshvalke e be -~ |
Qwr vidv
c3
T Qv\cvm‘a oLlr\S]"'a oF Peeltshierny Byt tha ANTTIN

C
J
PO | a1 relided] o AvrsgR Bringy of
SSadtadrr ey FAICTN ba_ .
Evely ~ QT\VZ“OW L B
< (Prongd)

= g V‘Lclvx hV
oL 1*\U[lar,_'(

Eydy = SWL\V‘S. ( dv]

X AvleT—
iR
pt"‘k"\lgb’_:g Preclitadrem, Laws .
I e ) WAve g il

©

Nsje_ v T/
do - dX
, ~
Srey T | p—‘/“LWQJ CarnaaPara fa elacraone |

PR
<t U BEadan. — By dy

Ty
& P-rcxb = 8k C%‘)S C -—)%9_> df‘
T A x e hlpT |

\‘arc\r _ arne L dp |

N | e N[ BT l _@

Scanned with CamScanner



o T TN BRI SRRt v BBl vt

P (lh—x levrd Ay Rt QU&"\ tews A roma Plavatiey Lagua s } ot

wWhetvos s avee K\‘ar?&taih Qo e ey vy Cw\"‘\
lec% (axan

Proms Plansiy Lo We hava €5y@)

Uadpr = e@‘.v"\r\t s
5 kch«-’r

)

Y S W Nng\ MW very 3»~«9le( ﬁ\o\v\

e W
AheT 771 g Platiy Fovwmayly Con be @)
W ooy . _ (Lal®D)

= LINLT
U b = 3"/\'\; e T ol

P‘&Hkg- Arke= A b KR g e ks
| e

| | -:"-‘é’lU\d:p" -&I
’ (=g |

' l)\)i]k.s .keki\). .

lp brbaw A t/gl\roL% lo.ng,e,.\ Ho -

NIMT = B
T

S» ATYECL 2NV @ Com. e Lantdam oy ~

e

Ul — Qrhe A

- - |
. A (M — l) g
‘ T L\&‘S‘\r\ _ CSR‘II_LT C:‘}

P\C\a[ /U-l

(7 N Trsemy lars,

Scanned with CamScanner



Ple:ns. ‘\\(‘\._\’ [‘it“ \(£ t?

st

,\\w\&‘*\ ™ b:u\w\ @J‘ _,del\k o) Suibuble_ v@v\Q_Mv\cg_
Loy on o Maed Plde Slew MaVIg = lee Jrond
a5t Bailday  freny Hae Mgl Surfsed s Ty Pravonaneq
VB Callest Phoboeletrte Blbeck”

Semi o} M bre Peokumey o) Phete eleshri@ o bech e -
D Tha, lo ey *FNMV&B ngl ,Qn()l,\} tomc . Gan it

bPlrole c(cichen flewa o Modtda) 1) Gallzd ‘H"“V\-SL\Q’PQ)
rpmthja | deb tedondd tw)

ID P‘\h&‘t.lgdﬂ" ¢ Cu.S'U'l‘U*}“ e Nuwaer_ c:») P lote Q(gchﬁ'—i
Qvddkdl = Secend 1A N V‘QQHO*L Propeyhone)  to NN '(NRP\SH;_

S} thaelan) llaLF

_‘ ne) \k\mc\\}g Q)ﬁ Pletortechen  ta Cs\_u-qo(:_(a telgprigan) © 0,
‘(\}-;»\51[—6 o4 deland [k bul doband on iy fl\f‘uu.uu«j.

V) Tha Negoliva Poladt~) W o) el He Prekeclechre
Comun YA saduad & wns Calbes] .S\—bbb\\—a Poldre) o

b ofb Polendrad.,

: ERTVEUN Jlkd I~ 9} FM‘VM'«QQ. ) .[mng ow M kllie Sw’v}\w\

o Pank o) thy o\mnga v Wl do Dibrak tha =lcctreny L thg
S\A:\_‘.P\LQ hNg\,_sv\ o) ot yndnen and seg)- Qv\mga tA
G«VH*’-L bj 2l elechen ey atahy r\y\mﬁ&

hV"“ vi;h\\faﬁ{— (#

L/_H\khg Eﬂma? \u;lfw!-\ pU\v\U'\Qv\

e bt LRI
‘;."t 1;7"-& M\IQ“ o "\ ( V—ps) |~ E\wskl W Plake dtd'V‘lQ '
Rl o , o Baudhew

Scanned with CamScanner o



Lo ERupt o Smbishitad Madhanti

™ ng}i‘i{t R AN DJ_ o\ S‘ng,—uu\ Whene ol H_

—

Peowaln o} U Syl Nehicde cne Spedifred ‘
MQ\«\J MY e Cled b et -pel/‘ eack G'P HA‘LS(YQ}U’H)
Anel  Rene aro e Parameben for cack Slale.

TSk Ay Shade o) aSythas Hek daSertbe
He e ohlen vHon ol Hax thy  MytreScspic
StaaHshe)  Preben ey,

Pl SPAcl! Phart SR siefeny o Hig Plogivg of
bobHh  Panhla. mowantaw, 4— Polihan on

dwos el il ey gm[:lz\

TE we vt 4o cofing dhe Yot o) a Porhulo

W Phaat. Spa tsorell kel L3k Pan o

DUGdre. Potihon (2D 4 momubim (2 D)

Ty Phovse. tPatd 1l o Q1x cliwandisna))  eird jrade.

C°"\S‘SH‘~J oJ %DIMJ\S(Q% Q} POS'IHM Qual 4 DiwanS(siy

O} Memantumg .

pw\;\_i@r_ﬁ Thren dinanmitaned SpPaet Tn Whyly

PoSthen (lecaton) o) a Pashicde LA
Chetifred: "“«% e(}‘ Sral} vslwn e lenanl @\Q TN Pot ey
Shac (A Jivan b",- dvz duldclz.

Movatnbum, SR L Tioay, Ay (otsd Pl T Wi
(WESIWETN VW o& P‘U‘!-HQ\ A Sprd r{ﬂrl b] Meww vy
Cs::x:V‘f:\‘\ lﬁq\!‘&b Pk) FJI P . f

Scanned with CamScanner



&Q“'S I"\ pM&& .SP“QQ . U’\\l tw Phose SPKQLQQV‘M&’"QW“?_

——— W k\L

d= o S!uk o() N Sgskw\ Coon b labe laal Lol Seing pdtianhss
Al (A Q Sub- compatnad Badh towparbuadk th divield
teds lavpe mamben of il . Suliva Wy Hhads
ek Rl y o} Samg Stre.

Lay Mbk_t‘:l%: Tauhte) Fumhcley of C\b\(} SPYiy
4 cam be DI R vyl ghas].

Bedova Tt PaniUaon of © ov MR;)NLb SPIug
¢ cawt) he c\tSRKamSkm\-

?Q AUNCSU - | ‘} ‘
Ferionhle Toenh tad Pashtdley of redd held 1 ndzgrod
SPIWy 4 ' be Dy h_'kawsm[.’

|

Scanned with CamScanner



Fealune o) - clastieed Shanshitat € M-R S sH)

—— e

cassred Shakshoy Nl Botplod -

D obSenyed -ewm_aot cliShribolon o) Bladrsa Tn o
Ma el N |
W) oblevuas| L

QA e_.‘/\tluS\m_L‘

Tt W

DIS A bofen el Plhe ey (wielo

L\a bR e Duowdin 4 daiS HeA

Scanned with CamScanner



. Clasar e Slaliehtf oy woddl - Rolt2mann SL“\R‘{}}:}"&J
Marodl Be (Frwonn faro g2y, dishibuon of

o k) Erangy of a Gythm hewvi g tlewhed B
AR WLhahle. Pethicdy T4 14 ot  Osed tn
KineH e theory of 704 4o Hind Vemi=wy aSpetdy

S
Hel ey Meleclily Lalo U'HOL , Probable € peqsd S~ teletude
‘3} J‘\ﬁ et

ASsawbhew of Mg HakShar,

D Al Fl Peakdley  tokrddy o‘a&} M- Sdah SR ans,
ematan  ax Moot & ano ldanhr e ) 4- DISH"'E?LM&!\\AL&

W chaden UslMime beuy v tomben of Cali qud

Veliae of Padh Phae Spucn W &N—V‘a“\l(j Sl

) Tene W re Dinub sm neben of Peatde 1oy
e=l] -

!\Q To =9 [ S e c.i Pco)_H(,LL and  debed) E'@‘ﬂ*
Vet Gowy Juu 1w Ha SyChow .

V) T Shee bJ Fe®k Panhicle N Spect [rad) b&L |
PoSihen and  Mewehfixw, Cookrdl nadel .

) Emng y W Confi nusuoy

PV‘D"J“-‘H} PC&J H\o} o bolon DC.Qn\bd Q Sk\)’\ DJ-
E'\Ulaa E A Jibﬁ‘\ ba_ -

l FCE)) o Aaﬁb'ﬁf’qj

~ Scanned with CamScanner



‘Mé\‘ﬁ wedl Bolimom DISibuien &QL,
! Mg el oz o ©kS habuHe - Raw JFVQ? hew) HAo
| fodd E"‘”‘—a;— ol Sylom 1A Arfhatbudes) C(hcm»g Vqrtb%”
Momden of  a Syskay l\ewua Jelendd o DICH Ry wa s habie Pt

Lok Wy Combislen, am C’Lg&(l«\bla o} H Melecede rin Phase.

SR Led wy oy welt Phowe spacq tudo b of iy
"l‘—'_*ﬁu‘; Wineh  tondaln N wabesy 6[ Par el g Ny Ny ———
—— KL Y"L.Sla{t}'\b‘«la 1 Equd thint yw . Plas Subc E:r\;ma .
Y Melated @ ame . Divealey) l~°., E, B — B Wy
L Seyuensy o} F;_N:.SLJJ Levi )
Rl N- Meleaan

- 'il‘] Y=k 'TN‘\MB"’I QJ Qo-”f\' .

ANyny — e, NMavayer m} Pen R WLy I\SQQQ‘O

A Q’L{_ Meletnlo m p@m\ﬁ [SSRE k3eu51<;+ YA M“t"\af_
e e WA end obeyy Puntis ) Py ladey of-
S_JO\Hshcq Meckanity ay - '

@ Todd N‘-\w\.‘:dl_ o] Ms e wdy (A | Gary

N Ntmy — ey Lory fo.

SN—‘: SN -’{5"‘\)__ e :g"\l(. =Q
%\Q&\‘\Q\Q T ln—a ._-—-@

@ | RM Q_V\w\ﬁ}e} S(ygkk\ NV N N

E—":_ Ciny + Q)J\)_ — Qv &A= (M‘SJ'




S AR TN P e

LPe G b Eafny —— JBune =9

v €fnr=9 .—-@

@ L\)L‘l\'\ e\ (70.5 \_‘& %N E‘_\,LLHBV‘}\’\V"\ Pwloc\beI}y ’4 |
Mas Ty

Y HP=x
J .Qﬁ(j P—o ___@

Ne 3 Canlidnd ?_
gt - ﬂ\ﬂ‘wxe) a
E\\.U‘La}
N; - Nhkmhasxo}_ p«a&e@i’l‘% N\v‘lhbl e

WH -—QW\(J L\Q_lw\ kz\uu?_

. T
W
Pmb\\oﬁc#} P for bisprrbadion iy Jhoanh

P =3 H]
: Cd |)' QJJ_)’LL —~Quh

A .‘ n)—! '\".s[ “*“nnl

EL

e a e et D e e T skt sttt SRR T 5 ey Al L e LA STERPEPFRSS St ——

Scanned with CamScanner



Nob " P-—_: f\l& Cai)h‘ca)_,')’\

2

Wl Rl ng | =N |

_ = LN
p = 7 @D~
¥ Nl
Yoot

TE\V_‘Hj [&3 om ba Gl
“Q‘E‘J P~ J&(j NI+ Z dog. Cgij"; - EF.QeOC;.mJ
J)ggF’ = D&}M} 3+ ?_r\? ﬁeagf — 'E\;QQ(} m_}

Usn«d INE .ggna' PP 1o ¥l helen
«Q@‘(‘) N — H/Q&(}H HH)

cpfl

2o = NOgN-N +Z wileggl - T ndegni—ghi

—

KUSN\& }Z;\I — Nt ke Nawber s) Pua_ﬁkbj
%

$ =N
A

e,

g N,Qaa N _}(4‘_ <Zr MD@&&? — ‘%,'\?Qedt‘\i +>}/

boy p - NN tdeg ni & S nileg 30
JF= Ny e ntbegni + Znideg g

Ne v D‘.p_f.en_m.\}—\ &R"a? ba A &LQ\.,L |
assl  Comlidanjuy. NG Al CU)QM"K-“':{\-\}-

$epf= 0 = (5 W §legni )4 T Doy fi)
R Se o t 3 deogpi IN A&

Scanned with CamScanner



| _br ! |
= o —q = Zhgnidn + 3 Reggidnt -

( US] ‘3_ '2:_, SF\; [ — TQ Ja\p -‘\\\k\/\\m@) Wl&b_\li'_-_().)

= - [(Thrgie)

QNQ\J Sgbg]—l {N\H"} SPQJP :'[;3-\()' Pmbqbl\lﬁ(—} ‘__“—Q)

|
ADE

2 Z’_QQ i Sr\ > N ‘
Ty o
MWD hb[‘a”‘"} @ ba-ok Q b(;:'F- . ir'\C\d‘vg‘_‘ch@J®
3 Dphipa DA cSRjaN S

g_ ( ‘De(j%ﬁ-a\ -f'B,Q‘l )Jh?’-:_:;s

D 9@93\_‘; L1 RE =

,,on -_‘ l-—}\f—Be-‘t .
8‘] et |
. L Rt
8\
. Y\F"‘ 9( ‘ - }_,\ Q_,n( -ﬂé\
e At Pe <

Scanned with CamScanner



P-;bu)q__ E’\L\,‘glu"\ \JC\\V_}"TC’S -

" Dhode _E;\L\&ch_‘w\ Skebishey C 6-E ?“‘C‘-"‘Shb&) 'ilk‘\mfkk
'\’\\o\ S*HHSHQCLD A ShAt budsk uﬁ t v Qo.b (kel ¢ Sl«t\;}q\mbl@_
Pashicdiy CBeln) oven. tha Brongy Slabe

Baste Pbgl—qlm&%_

O AU He Pavhcley winels OB&(} [5 £ SkahQy s Les\dh
) QQSB")(L

Roler, ang jdehhe) + _lwcl\Shbamskubl&
Panicley

D Relews obey  Datan kwity PrisihAe

W 19 o) eall cant be g Han Y (st b
W Hs Plocikn Gwy kank

W) T Wosi Funchen _MPV\SLS(_L\HL\J D:.QSQ\#\'C‘!Q‘

: 4 aqus NEY .

, ovanL e 31\3k+a_ s\ ane SJM Hrue

V) Thel belsrd clow \} 0’:><_a Pardly Eyalag %
PV"V\R—\L/L&

Y ENU”JE) Steabty one clif e

Vi) N bey oJ Phane IV 1A CEV\)/’Q.J\,-L\I;)((LA’M
oA hen e) POU\,[-\‘LLL{)'

i

P

V“D et Baskan SkAHG 14 Qi b\gr&k
gl Nk—\W\\')""L b} Pﬂhhgb\ e L N’Lay\gq S Py C‘Lﬂ

:.7,. M°M l’\—‘\\n. L 0 '
i g 7 \ “"\ ‘}‘ | ) %&;)

Scanned with CamScanner



Lel o, CUNGN T C\ga Cleaiay Ca'»'\&]/g]—\ °£ AN )l\cl&h{\d“‘\}‘

qing) VRS Fingu i Shab (e Paschtde . Loy M\D\ bR NNy
e — N Pcukh(,ég,s '\c\ulka NN F‘Mﬂaa_ £, B
p m I A
CI'_ EQCJ'\\&((} T o wdpordiman hwben aN 12— [———K,
eh}o«lwa Jhir —— =3 — 9w Celin rellrcRidy:
Nede N = B Nawone ei Pas ey
3'137—135 —?4““‘3"\ — Celly .

(o
News Hiey o PCUL!HQ,L% bblé_ Famels me wl) Podtaluhy
of- Wanbiad Slalrshiey oy

@» Toded N ben_

N— di4ng ————nw — Condg kan b

of Pankedey WA Conyay -

(R~ (g"\l +J'\)_ *N“Sn&l—:_ua*\s}wk} =&

FZ'JAA?:'J ""@'

TR Brngy of Syshen 1 ik

E\-'_‘ i | LY )
= Rintt Boro L By ——~Bunic = o o

Jﬁ By Jr\q + &, J’\L mq‘[h, -—EkcfﬁL = Q‘
m )

9 4 i
. O DTS*"‘* H:k}‘\!slq 00). PMHQP,L{; LA Carl by (1'T‘\L‘1~~w{ahqv\tt

o Pre e \
'](q (J L he \‘D(tly)

‘ ifm& Q,ﬂ'

i i 82 A S % e . et A P T W T VLS WP SN Nemmacnie e L

@

Scanned with CamScanner



soHee s e N\xk\b%@f Wysy 1\\AL\\Q&'\-_.J Pasth ey ens
Tde bel drghel bud In g QU T 1H Combangrasnd 1 Jivan by

wo. (ni+gi) | \
N Cgi~1) ] '
Teled Nuwaham o J_ P‘V‘M"\a&“’*"\bﬁ bA —~

e .
W A 49— PP
LSk LB

NEGG-00 T Tl g
‘E\Lq‘v;] _,QQJ mv\l;,blfl,\ SredeN, ..
s = 2 (gt bt = g 1)
( Um&a &M.Q]'U A pproxt madtsn,
| l&ij\l\m NzPuJHf-H )
s £, (oo - Greyr)
- — r\\~0¢3“|+/‘°« — Ji Doy g “%‘/)
«Q\‘BJN'* ;;\ C A\ -Q“& CV\T-E}t) t‘g" Q(? Qv\\\"t}r)
c—V\],Ogg?p\‘, ._gT_,Qgga_,‘) 3
Hdeudaah
Nous % a()V\ L)é;(]"v\ g[ml& &'. L’hM“W’ﬁ 3_1 05'@%’
%
Lsqwy) 2 &
( d ) =l Sﬂ&(] C”\'*BU) +D°5 C'f\\—'ca )SN

S Sﬁ“&'c'\‘{?') (N §dsgns
.pbd i S\y)#o)

:,Q Z; ( . ( (u“} Cm—%gr)**&-} JDoe & (kg )

‘ +J>e<;L (’mw ) INSRENY F N S

R0 el A el il e LT S TS SV . I

Scanned with CamScanner



., ¢ ' T,
D o=, (g [eg 00) Do taing iy 070
- "\15—()@;”\, hpmog_y\\ f,\t

=) o CNPS R g.\,
( /kg ‘QM’ + _00& C'\l\"&gl‘)
T——‘in\ g’\l\ — V\q\.DG “ay)

= </
2 . ¥ . 9]
Y= ( 1N “DQJ C"\I*JA’)H cﬁu »pbam)
.
By E:( fegni -y C”"*}’)S'\' =
=) | , QJ*(\,\,V )S“\ "% —Q
No W M\qkbl-& ~J (Dba( J & D la R
Thaw mdd\? D A 1@
=) -
P ( ey (’V:‘V?J teldni + %M@ =4
D Doy F ) td tRE=D
ds —\ = —A-RE
1 W; 5
| ,4- ‘ B¢
m*aﬂ  AES
| hg-\—l, _ CJ\.{_R@?) |
L )
; _,t+i_ = T
it . | S (N egew /\

Scanned with CamScanner



T i B A s ¢ R T FOET MY O < VN A e 7 D s < m 1 ccn it i< Ao

e e Ty . TN ™ WU N—

L7 P piveg, Shanshis

—

Fevni Blrac destribe, dishrtbuhen ©f Fanhtley T A
SYShaa s C dah e et CHinguiliah e PMHL“QVQ. Hrod™
BB&J Pauly CrchQlop  Prinaiply .

2as(C Potiulole) '—

D Al Fel Pordedoy ik OB&H Fanmi ~cliral
Shalihty  prewn o Penmion .

l\) Poe_tra Cre h obz_a_ Dnlonfodunrty Printiple_.
“D P_Q)ll“\ib"\ﬁ @laq_a Pc\\\lf Q:&C,l%&\\m\ ‘PI"T'\U;D[’Q‘

V) pearay Dirbaec ol trtbedisv [aw M suPrefenkas|

T e i S P ming
Scanned with CamScanner



Led 0y Ceuyrelan CkSaSI’”"\ of W

} wctSH ka\\\\ﬂ.‘\t\\al(_ Poy Welloy s Le + [N
Moy Lo L - Ve awel Holw tasw e~tingy
'S )

SLe el erded b} By, Ry — &3 ——EL Ty Conbaind™g G 1 ¢

— Ji —Ji Cellyr Tokd Hepmbey o) PoLRUi It Hoa Syl o

U N Ridny — NN |
How Hupe Pk obey Pundanantd Polbated~y of
Qs Sk Shoy . oy ~

@ Todbd tlawihen o) Poy Ry
NN (SN S YN

A @Y

N Ay —
Nz {w £ T (e = emblnk =5
- '/f
S (s fwi=a] —(3)
e

57 NN PN Coridant
AR Fupnwe —=Ce PAfad

@D b Brengy ol
E— chﬂ_&gj,"\)_

| . — B B fic =0
-~ e = B {n +Prin
| Fiymi —=©
~ ‘,‘3 “Z;" S { @
o
@ Distribddew o P anRde. ( Ww‘“lﬁ UL Pre bablly

A Gr fack

k

i‘( S WD

Scanned with CamScanner



e Hal Mavaden, o) myA I wWCh, Wi Poshitley
Cc\L\ b S hnibuel \w i cliy tn 11N Covmpontant 14 -

K
w= + 3!
=S G|
c\m»\a ~D& on  bopn Skl -
=" ‘
—OQJ\,\} (\Dedal_ﬁoah\"/hacg ‘)>

( Umq -”'”‘Lvh"a A prre tlnsomv
,Qma. f\[! = NQQ(’N'—N )

by = griegai-gi - ( midigni o)
- ( Cgini) Loy Cgi-ni) - CJ""\“))

=) upag W~ 'L (Q‘JQG,J_I/Q/{ l'\l‘.aPmoLb\,‘ +)(;/
- Qi) Aop Gin) 437 -5) )
D Do 3 z ( 1Leggi = ndog i~ Cgiom)deg Car- N )
Q\lau D‘“‘{L&'\H“\"“"ﬂ hoh Jider  awd cav\ucw\n\} i Q) Conphun
e g1 in Nawbkasy of Cally vty 1o ooy ot )
,)S,Q T‘Q‘_:' ( o — (‘r\{cg‘vﬂod ny -@QJV\](V\I>
- ( Qg,_m) Jka Cgi- hl)ﬁ(\
+ (o 29 (91— { (1 w)}
‘ ke . \ s )
0 — ;,:_—, ( D—( Ny 1\{—\;8'\ + -()oav\. g )_(&gi——r\])&_‘__‘){'—-gh,»

CIr-n
Tt leg (hioni ,)'(”af"i))

D - o .Ob(j m(jm -0 4+ .1)09_ C‘a,‘._,.\;) Sni

S

Scanned with CamScanner A



..gMAmuwﬂ{)%&dgwg%qmgAanﬁgoﬂﬁﬁi)

€, (op (i) e Ao r BlEn )<
7 SL ( Qog 3.-»«\) +.;L'g—{[f> )J"\'

- \L\( ’Q.Oa nt o — =R E

) Jr—ni
AL e )
J it B
I At B €
N
g0 oy o eRHEE
NI
; At B
g2 o7
N\
)
Nt ":;"\"Eé//
oA |

Scanned with CamScanner



Qo - F R - o

P CUAppltcabtany of  Quanmbin Sk hea -

Mastwscdl Lo 2o mann C e B) Sdahg A

RPbPltehen: - Melctdur  (had aus B”‘MﬁT eh af an
teleed T -

) Bede - Biatam CB-B) Stahithes: .

N w9 -
bt e dro vy Rlac lmt\a g Pe_Ql—V\\V\.\

W) Pewng- Divac  (P-D Stedtt hea)
Abplitaden! =  Faog B Aochroy "MQV\@L

Scanned with CamScanner



~RAPh co drev

) Melctuton. SPety] awe) B»&JLJJ

o) ™Mar Wity Boldy munp Sttt ~

of an telny g4,
Ll Wy Gnsrelens au feliad 7 y

SR CEN C\t:c@m\md
TR, hevalnon

. oA TN Q@'\lq‘,wul@} Vo (Uuma V
1o Magwdl Boty ann DSt oo Lo
oF Meletude tm il T ey oL 1

:_NLQH G Wil be
N = J[\ Qﬁ"QJ\"l‘%&D
ANIEN 3}
o Ut B&ID

Subth fuke. R
Kt

™

2D Ni= §t —

e Lt Bifipy)
CCnlnmouws DS fnibuen o) Me
NCED By =

> 71 e N BilkgT

Qov\b(wﬂ

Lok o
D G
IS SR P (Y Q) Sphnxced Ayl Tt a Mo vt by g

Y INS e} raclt
W P oassl Hacmng P, ol o

Novo
é (PD dP) = H‘\Mbqoﬁ Il T\ Menauoma rane.
P to pyalp
2 unpar
= R PP

Whad Rty Seng carwiunk
St R agl Me\avq}\ds\&q( Mevaeinhawy P CorranPonsl o

Brongy & |
Nowy ' '
2T 908) 9B b o) B § ke
AT TE et -~  9P) d@)} T
= BRPEAP

Scanned with CamScanner



e T v e E e amsaT ohde STETT

Bat P9 wmB any dp= o~db
| REENE
Wi heve

38y des) - &P P

=5 =3

= DBy Jomn slwcsdl?

2 B’ (o) 212y gllogr

Sabshy (—\\HKJ D v D @

Frevg
NGB A® = ger) e o~ Rl g

- C&Mfll slia X’C‘k o e BligT)oln

ER C%»—\)gf'z-&"‘o\ > cargdand 2 O

_.:z) nCB)HR) = o TE o CBIaT) g oy
HOW o il @ e bia, Comlihon Pk Fobs]
N o} teleda w N

o

L B
ST"a g J"‘-Q‘m—dwﬁ I8 N
dada

Scanned with CamScanner



YNew bl P:WUUJ} o e SyStenm 1A -

E’:—jg,\m)clvs_ 2 2mn
CWV—&T}""—S

O

2 B
L (“2_‘2 IL&LQ

2 LN v 2 ¢ 2 [——
Cregryla. - T

Usty. “f o
I B Lio“u_ =5k 38 )

£
N
b
) Mckﬁbq._u Be|do Y WLM“? DISHAN bugmn
H L ]
O Namabesy L Mol LaHa U< loy v &
Ve dv oy A 9

Cube = ok
HHH“(—] [l___.%_w\vrl' ) B~ el vV, T"\@

ol <
N W)o T2 wNmde-) VL MV ikt
(R kgt Y30 4V
M

Scanned with CamScanner



Sowe . Msalctden SPeeds ! -

() Mas o©v Pviinge Spead b verrsye Spesel o) ol He
Mole (U

iy = | S

29 P:a_s_lq_ M}\\x Samena SPcl’~  pasen (Perel 8L Squena

o} M fiw Melcced g

Vw5 j%_;:‘l

5 ey
Pmﬁ%‘& Peccl " S pead) P SAA e b Mt
S

I Melecady

\/\/\

P"aicdqev\ hetuienn, (VY

=y 4"" \/QUJ:*‘
VV‘N MY, \ , e
SE Vs [ (8 Ty
N Wy Tx—\"

— |~"I'LJ T ]%]r IHHJ KT

L&\

= )90 wgi
Viawnt S \»WWW

Scanned with CamScanner



APERGatsny o)  Penng DIrac SlaliShoy
Foes Blechion Thaony:.

s o) 2 Hype
D Classtee)  ( Lerentz - Dracue Tuqeva)
D Ouanbiony CSemman freld Teasvy ),

Qk‘\SM‘Qq F>eq Elc_gh—oxf\ H\Qol»a_'

A T ord \‘«r\a do Clagtpte) FPree Elctdron H’\l“"a. glcﬁlrvc*\g
T AStwme]l Cerableldy P A SRR femea Blcthien

W Suwoievwelag) by (cm_?g Mooy Bq[- 42—’1—'2& P cdran
ans!  PaStHWR (sik (e,

RESaP houdy

# T Hp 'H“’*Wa A AStuwad Bod  Wian o Lot eletre
Movarny ta o Ssliel A Podehied EWL;/J A 28 1R Pletfron
e b (Dmloi ,H\vt\\al\an\}- s, vaghp

TOERdvon can meur Baealy [wlel H_

Ss |\ , Bt vl Gun'] lesi SNy Susfaed. —
(ow\‘sldk o l:c'\‘tﬂ‘&\f\ P~ Rochvon  bul~ k'—ﬁ—) {—-
WS W o Ceowyfaud Portion Elodhnon = '
ThA 1a an IMfimike bannien. So fe e lehren Qo NINIVY
R b en
E‘f_ﬁ“"_‘}_{_’??_)_;,‘ﬂ Pasl elehren T shey Moyl baftzimann
C J
SR skd.

H) (-t}" S”&QQQSS\-\,,QHJ' cl_{,[]w Ql\w%lg\\.\).
) Thre Panesy Rlcthon Caw Moy Feca gl Ae N‘}t\‘t/s
haue "\\j”\ Blecdricad ¢ Hunal) Catd Wehuily

: : s

Scanned with CamScanner



e N v

gamy )

TR g Uamtea) Paey lethon ey g
[ECENTE vl |
I .
VB Poily fo Bybldn Blachong hisd Copacihy ool
Pata meyahe s 4
J LLQ'}’QCJT\B\IL“F} GJ Fre e lcdhren.

("1
TR Prax Bledren

= -
Clegy )
&ltd H\QQLU C'LS&“UMQQ‘ H‘\L\}* Qltil."m"\ £\ P‘—ﬁ—Q—{ E[L’J‘Nm\

QA sl - N
a fallow M BN Stehistren. bub (A Quankun, Fnoc
Pl dvon H-w\m\a_

Oy Pauly

—

Rlethren Pellbw Pen i Oivred Shbg hoy

S PedaSlen PRngple Apblicable. on Rlcohon.
Wb hon o) Quanhiva Pney Elethon Heow

ane Saw o4 Cleditead Fan Rleth-ow H'&'O"\ai Cxrta p
new Bledwon Psllows Pery Dire, SR\HSHQ. . dL
K Br duagion. PRRG Pla) . .
Ml (Pauli Bralagen Prindpled
Can hauve Rama  Quam by Sk

RASSuwlp Hewy —
1D e\ W%J .()_ Prax  elecprom O Py
Ay Prex o (9‘8&() Paw | ¢

= Ny dods B e

2acf

Scanned with CamScanner



Emaa DIt budew, c(w\c\.a Prag elac)vom!
e alug ‘e \C\\«;\_ DiS b bubas w b} G_\c_&v@"\‘@-"\ﬁ"—"aa (AN WF‘*-P
‘\\"\V\-\‘Da.f}\ Q{_ Cle chron YD EV\QJ\GJ E_‘\ A (‘i'?\)(‘w b@'”
nc) deBy = g ElE@) —
X S| »
Pleclvon Evengy Shak 15 grosn b1 -

Jeydea) = 8T vkl ell=dg

= Ly,
S\ggh#\khk} JQQ)C\C@_) “’\®

AR e) ~  8Jenv ol

f%”)“o((?‘_
-3 eA Q&{LT—H
) < A PP
5 Q9 ~ Vsl EfadE
- n ‘ = —_—T

Scanned with CamScanner



by P@mw\ R

T —L GG Pennd Brenay 1) die Bungy dlbnance
Shwean ‘\1(7'«‘))# ¢ lowen] oClypred Shitt.
SUkkeAC o Mk Conhiey (e B leehiomy

Ts -
=) N \ben_ o) Fxoq Rlcabuann 14 Caun ot

(‘;—Q‘M H“\"V\bnq o
b Sl gpre Brany. Rp,
N 3ce)ele
N—  S™nVande  per
- K2 i G'IQ‘C[&
) R R 3
2. i@J’L W VSl QPS(Q_
2, K3
2 QrV (1w 3
; C ) Gpg(z
E_Fl*:_ kq_ | 2v )h') o,
— POy Brane

(P73 ) Bee - ( %531)2’3
| SN %

.5"»-'«“;‘“ '*P r".;' F\- "-:1‘;; "T E‘:j;rf;f;';'frtr“j—"‘T;;r"“;,"‘7 l‘, VET VRN v e A g e L ___‘ v e = L A @ -
Scanned with CamScanner



El/QLQ}’m"\ l'\Q S }th\ f“l C l’t&\l':.—q

E
(h:iQCML\lQ &bm&c )~ o} Ple chron IA‘OLQHN\C“‘%
Padia
g N Q) Porhewu o) Heed Uhenl bg E‘lgﬁ}vﬂ\‘\ ~o
AR B bowpens hung, b He Sy
W e o S
Inlkrsed R &
: M"%} S hole o) T‘“’“\)%L_
<

-—— Z
= S NET - 9
.——5 = ~
n R (L,t)

R~ C—\k} Covy bk F-N—‘;M
N — p«\/t:gqclm H\&w\l;,uL - ; v

TL"&"\ ]\&b[wl SIDQ_Q“AQ Head G)/,

C_.VL 2 de{ :
c(T)V:“ %—Ki
T

N Sheafic Rud SF M Shauy]
Qo 2R+ 2 )
Cv

&3
‘ — Bl Urone Jbc oy C

Scanned with CamScanner



. 3\4‘.’\_?."‘ AN

i P"U“\\ D\Si\ﬂl l—x Hav\ r’\\»\qhg"\‘

By~
'P Q(E—— £ 12) & 1

TNA olesom be Ha Pmer? d Py o N e

A Rxw\\ow T 'H\D\ Prabﬂ\bh
AN Blachion St o)

DI budren Pave Hew
- B howy Susy_ ¢ C¢ D L/ enau RWWKLL

———

Fj S) @CCL\bcdqw\CQﬁ
P"@"LJ;{ ~— 1 given Ba [Pariwal

*FCC——) - ‘ — e .L——- | - l
~Ve/p B -® -
+ | e 4|

> [Ty = (7['

wae\bhl'a of Skl 4o he Prlled W | ye Sk\k A
\les 0( PTH‘L.Ll

\D Tk , By [l_p._ | |
e 2 IR T
e t%/q - T -
= ﬂcg) :?]
T Mestsy Ne ,Hc.]-& A ﬁ?ll.u\ [ Cawoled ]
n) Teo (B=BL f“’?
o p | | ‘ £

5@ Gf o Q)QQ“\", e\»\

b P»wa lexa [ A1
o Peb ey O 9

<—°\ a el Cs&‘\\loldkj e Pty (u&( o
Scanned with CamScanner



| .L\j Bhe Penwy AChtbuben Panghioy ¢ obladn bedue Peg)

O ke (B-gp) = 0~0|:cv_ ol ek, L

_'5_11_‘ Drfblmena. bedweon lgl_mn_m' l{wl (B-£p) = oolrV
L LT N G S R NP

We heive Peni| Dighiibuen Pantbien - |

Feey =
1+ et

R-gp)|kT

- \

—
ry

[+ QC |‘6H§2‘U, [3dy o =2 X2oq

&
— (edak Penvyg Breny 9 b Peruny beiapenalune, lo

M) . DV ‘
_ e Peuey \uchu}a o] Bleshwy tn Mepbd by o 86 Hméw@'

R
= =

— Cﬂ L

beleaby o) cledhon v o Q6 (g
Mg o) Bleehren ke Gy (g3 <
Flec haime Chavge e = LEp (THC

B‘bl*Ltus\uv\‘A Gl K= l~3& ¥ lb‘lg TC\

N
: Pﬂl“\i EMJ\-'J }_ EP: ’EL\ AV Q—-v

o i; 1 Y IRVE R AR TRV §

= 2368 xTYT

P"-’l\»‘-\( Tarbenadane Te - (A}
T T
= Q"

S P Tompensduny i W24 p et

= ML R T

Scanned with CamScanner



H\-‘\W\Q)Ll\ C&M \_ e .

9_ Cal Qu‘bu_}—t Hw_ c,\\r['l&ut\)- t\\\.\M\-),_,-L OJ bu-“k%y_\- OF C‘\Y‘V“’\"\g‘rg

& ,f;._q_wb% ™M e PJ&MV\(—N\;)j Prege C=lIA-

>t Ac@v‘\‘\tﬁ do Pesvn -Dhracc. StaRshvy dif kaeud Weya

o) c\vvw\ka)\\(_] N 'F"L‘”\\"@‘i\, [N a‘( Phaps U’\H'ch "d’kﬁ”“’—‘)-j;_
lev=l 1y grven ba ~

| CJ[—'\\)\.'\“

e N N SE TR AN
ool
C(le-6)1 61

"j__r))—lb‘

TS
O Qe Ry Huvbern of Dtd feneid Arrelde g “L 8
U\L\\‘S'!'i*?]\\i_stqbl( Pan Reley cu\\m\b Seuen, Cely | Hhane Bdbﬁ ha
SwShRchen o Rumbery o [ Panhicley tvxolmgiuﬁ BB Qlahthy .
S’j_\‘ , P(&\H\T‘—a e B R Sth\HSh‘L_\) N, 0} Dl;“-:ﬂ_m\\- QFN\KJP\MLJ-QI‘
Ny lb\cl\‘SHvﬁmsL\bLk Parhcle [-\d‘r‘ =\ V;J‘rmlx br]"
Cw )g&:‘ Ch'n-%‘;l\_Dj |
] N Coi-) |

| h;':& ,"?}f?—j . :
e Qg (8HEOT
: ) Q_Ixh—lﬂ . SJKQI

LT U AR Bl iy g g BL—
T SR A

Scanned with CamScanner



Example 3.1 An electron gas obeys the Maxwell-Boltzman statistics. Calculate average thermal energy
(in eV) of an electron in the system at 300 K. [GGSIPU, March 2015 (2 marks)]

3 3x(1.38x1072)x 300

Solution. E = kpT =—x1.38x 1072 x300] = 5 eV =0.039 eV
2 2 2n(1.6x107")

Example 3.2 At what temperature would one in a thousand of atom in a gas of atom hydrogen be in n=2

energy level ?

Solution. For hydrogen n(E)= —% eV

n
n(E;)=n, =-13.6eV
nE,)=n, =-3.4eV
2(E) = no. of states formed =2n?
8(E;)=g;=2and g(E,)=g, =8
For Maxwell-Boltzmann distribution is

-E,/kgT
28 _8 HAEy-E)kyT

1 ~E,~E; k5T (E,~E, Yk,T 10%
or — =472 1778 or e 2 TIBY = =4000
103 2.5
Taking logarithms both the sides
E,-E
—2__1 - 1n4000
B

(E2 = E] ) 10.2 eV
kT = =
In4000  8.29
_ 10.2x 1.6x1071
8.29%1.38x 102

T =14300 K =14300-273 =14027°C.

T

K=1.43x10% K
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132  ENGINEERING PHYSICS ~ II

Formulae at 'a Glance
*

3.1 Volume of each phase cell
oV =ox Syﬁzﬁpxﬁpyﬁpz
dxbp, 21, 8ydp, 2 hand dz8p, 2

[ %]

3.2 Maxwell-Boltzmann Statistics

8V =53

P . 8
(i) The distribution law n = ;?mkﬂ—n

(#) Molecular energy in an ideal gas
2nrN 3 2 3
W‘i(kBT) kT = 5 NkgT

and E = ;k,,r

(#ii) Maxwell-Boltzmann velodity distribution law

\/—Nm3 7 znd

n(v)do =

3k, T

m —
8k, T
nm

(a) RMS velocity v, Upms =

(b) Average velocity =7 =

(c) Most probable velocity (v )= ﬂ

3.3 (i) Symmetric wave function {(L2)=+y(2,1)
(i) Antisymmetric wave function
Va(l2)=-y(2 )

3.4 Bose-Einstein statistics

(7) Distribution law n = 8i

(1) Planck’s radiation Jaw
8nhv’ 1

dE = E(v)dv = d
) ) (7T 7 v

8

(1if) Rayleigh-Jeans law E(v)dv = —%ﬂ dv

(iv) Wein’s displacement law
Amax] = Constant

(v) Bose-Einstein Condensation

() Critical temperature

h 1 23
fe= ankBT[ZGIZ 7)

(b) Rest of particles

T 3/2
n0=n[l—2(?cJ JforT-:TC

3.5 Fermi Dirac Statistics

N e 1 e - &i

(1) Distribution law "= ___*(e“‘” ElkgT )
1/3

(i7) Fermi momentum Pr= (%J h

(iif) Fermi Ener E= pF J
) &Y 2m 2m 8nV

(iv) Ground state energy

8nV pF 3
b= i 1om 5 VEF

(v) Mean energy of Fermion E = % =z Ep

ulw

(vi) Electronic heat capacity

(G —-——Nk [::J =aT

F

2,2
(vii) Sommerfield constant as= N:Z i
F

-

~ Problem 31 A gas has only two particles A and B Show th
particles can be arranged in three series 1, 2, 3 using (i)

(m) Fermz-Dzmc statistics.

Problems

at with the help of diagrams, how these 0
Maxwell- -Boltzmann, (ii) Bose-Einstein and
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Solution. (1) Maxwell-Boltzmann statistics :
The two particles are distinguishable.

There is no limit to the number of particles in any one state.
The total number of ways =32 =9,

States Possible distribution in various states
1 A B - - A B AB - -
2 B A A B - - - AB -
3 - - B A B A - - AB

(i) Bose-Einstein statistics :

If A and B are quantum particles, they are indistinguishable. Thus they have to be given the
same name, say A.

There is no limit to the number of particles in any one state.
The total number of ways =6

States Possible distribution in various states
1 A A - AA - -
2 A - A - AA -
3 - A A - - AA

(ti7) Fermi-Dirac statistics :
The particles are indistinguishable and not more than one particle can be in any one state.
The total number of ways =3

| States

Possible distribution in various states

1
2
3

A
A

A

A

A
A

Prf)’ L/ . * ] * .
teblem 3.2 Show that on increasing temperature, the number of atoms in excited state increases.

Solution, n( E) = g(E). f(E)

For M""‘WE"-Boltzmann distribution

Then
_'a'nd
3 "“'2)
b "(F )

4 g }“ lncwasuw

N(f-.'l)r: Q
L) =

nE;)=

n( L
sk, )

temperature

(E,)Ae”

8(E;)

(ulf Ht ”

.'(’J )A l‘llk"".

£y kT

L(Ly) Ae~F2lknT

= ’)) = I’| )
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Problem 3.3 (2} Show that at E=E; and T # 0K The occupancy is equal to 0.5. (b) Show that ai E - :
ard T =0 K. The occupancy of state is p»rperazcular and at E> E and T =0K, the occupancy of staiz is 2o

Solution. From Fermi-Dirac statistics

g:
% = e E kT
e THTEL 4+
imsiswritenas  n(Ej= !:_;"‘,.rT =g(E) f(E)
e~ TEMTE 17

) WhenT=02nd E<E, then f(E)=—0 =_1 _1
e +1 0+1
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~ ~

p,.obl em 3.7 At what temperature can we expect a 10% probability that electrons in a metal will have an
energy which is 1% above Ep ? The Fermi energy of the metal is 5.5 eV. [GGSIPU, May 2014 (4.5 marks)]

Solution. Given : f(E)=10%, E=Ep +1%of E., E; =55eV, T=?

1
(E)=
f AE-Ep)kgT 4
55
E=55+>>=55+0555; E—E, =0.555.
100
01= 1 - 1 or T=2902K
0.555x1.6x 10717 exo| 877\ 11 '
exp. . +1 P- T
138x1072T
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%mnpie 6.3 The energy near the valence band edge of a crystal is given by E= ~107 k2 .

; A,
An electron with wave vector 10 10 IcI m"l

is removed fmm an orbital in the completely ﬁﬂﬂd valence band.
Determine effective mass and momentun. )

Solution. Given: E=-10"%k% . Hence ‘i_fnzxm-“

Effective ﬁlasa of the electron
2 34,2
.+ 9, 8%E_ (L05x107%*)? -
m =h o oxpD =-55%10""kg

Momentum of electron = Ak =1.05x10"* x10"% _ =1.05x 10~ £ JsmL.

Comparison between Ordinary Diode and Zener Diode

i - d
S.No. | Ordinary Diode Zener Diode

: is alw ated in reverse
e 1 = e bed i rward biased | Zener diode is always opera

1. Drd?al.ry diode is operated in forward bia e condition.

condition.

It utilizes, the reverse characteristics. In

2. It ﬁtilizes the forward characteristics. I ias it acts like a PN junction diode.

If property doped, it has a sharp breakdown V.

3. It does not have any sharp breakdown voltage.
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Fermi energy of an intrinsic semiconductor is
eV above the Fermi level. Calculate the probability of

0.6 eV. The low lying energy level in the
occupation of this level by an

fronduction band is 0.2

electron at room temperature.

Solution. Given Ep =06 eV, then E=(0.6+0.2) eV =08 eV
The probability of occupation of an energy level by an electron is given by the F-D
distribution law . .

- - =
f(E) E-E 0.8 - 0.6)eVx1.6x1077 ]

1+exp- - 1+exp—m
kgT P 3810 B K x300K

1 _00004=004%
1+ exp 7.7
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