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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 = Asin =~ = = [ A%sin? —dx 1
0

From above expression, A = J?

Then v, =\/-?5in%
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Example 1.5 Find the sma!lest

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

Th ‘ . -
us we have, Ax . -Ap = o (i)

AP = P=mu

¥ _

or

&Pmax =

/1+,.,_
7 4
/ 6.63x1073 |1 [3““} )

3x108
'ZTHHOU 2)(314!91)('10'31 x3x%107

r | =0.03867x0.9949x107° m =3.8x107% m

m

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, =muv, g\\Q(Sr Ay, =v,

Ny
Q\@
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l.l

1.23 A typical atomic nucleus is about 5 Fermi in radius. Use the uncertainty principle to place a lower

1.24

= Ax =

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"1° m

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

Ap> o 6.626x107]s

Ax  2ax5x107m

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 atont have only a function of this energy. Thus, we can
conclude that the electrons are E}gq@nt in the nucleus.
1
ms

An electron has a speed of 2 ~“ within the accuracy 0.01%. Calculate the uncertainty in the
position of the electron. \Q‘Z} [GGSIPU, May 2017 (2.5 marks)]
Hint : = i@Q— 2
int: AxAp, =Ax(mdw,)= " .
h 6.63x107 _
nanidv,", dnx9.1x107) x(2x10° x0.0001)

29 um
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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 ?

h 6.626x 10" |5
: f—JE T JECE— Y — "'29
Hink,. % p omo 1079 kg x 102 ms™ 0626107 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 I I
Hint: A=—=——=—C_ then) =) - 1 __h
p mv  2mE R \ ’2"% E, ,Zm,, E,
m._E m.E ‘
mE=mE = FE=-L7T g ALY
= pEp A m since m, < m,, o E, -

[4

An electron and a proton are moving with same velocity. Find the ratio of their (i) de Broglie
wavelength, (ii) phase velocity and (jii) group velocity. [GGSIPU, May 2015 (6 marks)]

Hint: () et "% ™ \\Q®
KP mu, h r:b S
v, o N v
(i) fe=—t =1 nd. (iljp,p,=c so Le=Zeog
U U O % Op

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: )\ = .L = M— m=6.63 x 10~%m which is not measurable,
mv 10x10

[GGSIPU, May 2015 (4.5 marks)]

Download all NOTES and PAPERS at Sttrdeft&iR vaRscaBT


DELL
Stamp

DELL
Stamp

http://studentsuvidha.com/
http://studentsuvidha.com/

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

Hint : 1IN ¢® =511 keV, my =9.1 x 1073 kg
2 2 2
% - 21’:112 = %mvz - 2:1 A2
= u=—’I 6.07 x 10® m/s
v="1v, =6.07 x 10° m/s
But V0, = 2
N o O _(3x10%2

=1.48x10'" m/s.
P oy 607x108 | o x 10T ms

117 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] =6.4 x 10715 |
E= % mv* or v =2E/m
h h ~15
de-Broglie wavelength, A = =6.15 %107 m
8 & mv ®(2mE
118 Calculate the de-Broglie wavgégth of an electron accelerated through a potential difference 100 V.
% [GGSIPU, April 2011 (2 marks)]
NP 10
Hint : A= @h§ 2280 998 x107m = 1228 A
| J 2mE. v ' .
1.19

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)=5 xlO

A pr h
= Ap= ) —-I'Ef—l-ﬂkgms'l=21><10"2kgms'1
P=ax” T5x10
2 -21
2.1x10
and the minimum K.E. ‘of the nucleon = B oo here m, = mass of nucleon.
2my, 2xm,

Download all NOTES and PAPERS at SteidBrta R fFanaeam


http://studentsuvidha.com/
http://studentsuvidha.com/

s

i.;; (_S\ws\\,]p \,&L&u\? 4 Pheas, Lalo 0‘}5_:'__ @

plt <
e lelsiby e \MMHU S TrsRudue o

P&v‘ww\j b, Pratah i ety
pL\M \w\bu‘l-g_

QQQN»Q\\LH qtc ke &N7(Qf& h&’DQM(j

N\

LE o Peiuly VA P Mo He A Loy

W 1A
ACSo tabsa) Wi Yhe Gdled HQ\H«:LMQ\WL

M\\&(QL?}P»\ @} Lomng _ (A ~ L .
VA )

CjLQu\ VL P wm;ﬂd oF Peby(fy )

W~ pl‘\U-(./k C@k)qu\-J“
) \\Q@ Aoy o e Perkied
< "\D\Vk th\’ﬁq(CkQ*J& Fhe Velo G

AN RSN
‘ va(oaﬁ?] O UL .

g
Hole. » i [ | Vj ( V= P&wm&)
(e o e
s
\:;-d“'\ B = L’*'\Q_‘)—

B Anlil VYO EN

Download all NOTES and PAPERS at s‘iEP&BﬁdtQU“v?aﬁﬁcé‘B?ﬂ


http://studentsuvidha.com/
http://studentsuvidha.com/

B\ plaval  wsaue rl‘lm\v&[!rbﬁ %.,3 X O\ﬂ‘é @
(}\uw\ by - ~

P Ao

- | Wz 2V
U= v b= K

C Whama, LA R'}?‘*l-“’l_wqu}'
b~ watﬁ;g}m\/\ C::w&{g\\,\l-)

H&)\P W U~ 9« \)/\

—

CRR ]
— WA (W
IR -

U W ' |
(”——’L |
[W)_—’— %] --—-PM\-&au‘lg

&
(&\@
$

Download all NOTES and PAPERS at SteidBrta R fFanaeam


http://studentsuvidha.com/
http://studentsuvidha.com/

I

e vetosty w
" W ?FL\L\/Q.@Q E:) Wave PCLQLQ}.. ‘.palf“"*-‘u-, |

b& M TeliVidue)) U«\U‘go ¥ @iled amq,b\/%cjg_

OV hoaie F ok,

L;i\:“i}‘% (Slox. 4 Loene. gww}o (FETNNGIN QBW&@FO(} Hoe
. ot el Kpirkuele. A, bt Shgnt i fbored-
“ gL Lrequoncren, Wi 4wy akd pre bgahien otk
e ‘D'Sb(%uwu& A gtw\ by
3(: aStu (ot — B
- Y ars oS (R -t
Thalw Suben Pet hey JHed -
%\@Q{}r&'}u_
o B
. $Q\Q:?.f a [Snv\ (Wt — L) . |
Vg S LERNCEEEEEU ) B
StV\thSm\E XM s E%E% C—>A [_"%2) egep
Jo 2o S ( (Lot F - 'HTLJFLU')J‘ —“%"—-ﬁ)
Co ! p ‘
AN ( bt —ke —ty b -H—;_k_)
. LN
= %SEV\'( _thiru%)_«k L, ) K)
‘ e y BRS¢ 9 j

e
oy ((Qadh S
2,

oy

il

Download.all NOTES and PAPERS at S?EP&BHQHW@%?@BW


http://studentsuvidha.com/
http://studentsuvidha.com/

O Yo g ) [Q'*'*"M- o),
mec iy St e

/ NN (U‘“"“”—) e QLL\*LL)KJ
hlp (1 hasd

A
‘\M&Q Y= ASMm (tolmmj))

Far c’\m\\’ W Lag) }—3__ R | WA L
Ve Pepivhusty veleys la_ l a m AN 2
| AR YRR

e ST i

=L o = Wi la )
e e

P

T L W
s@® | L\~L1
: ,&\@ r\»
S Ve = ]
@QQ — ‘ ~ (J.V\B\}o V“’\LQU}?_

D\Q(Q‘u}‘bﬁv\ ‘Dg‘—b&.ﬁl\b\ 8 Po‘\l) V'iletﬂ-a ;% P }'\c\d_& V((QQJ &a }
. & _
TR W R 2 L (ky)

Vs c‘g\g o dck\'/.;)

d K
=V F Ld
U —
w}@> V(} = Vi 22 o’ gy
~
d(')-’t)

" Download all NOTES and PAPERS at s‘iEP&Bﬁ%ﬁU“v?aﬁﬁcé‘B?ﬂ


http://studentsuvidha.com/
http://studentsuvidha.com/

U&\;‘_ \J\P-{-[ Qlup @
cht>
Bud q(;\)l _LLQ\N Then darg_

I V&'-l Ve "7\0.‘_"'?_?
. Th

120 An electmn has a de Broglie wavelength 2 pm. Find its kinetic energy, phase velocity and group
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

oK1 ‘
KE =om“am@ =2 = %7 = pug=ci=?
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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, y =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

; 1 5 21 . ) x4 1 az
| (x)ijxlw\ dx=a jx dx:a[T] -

0 0 0

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

[GGSIPU, May 2016 (4 marks)]
= a 7
Hint : [f} {I} = jw:rmﬁdx = ijsi_nz Ed‘x
a a
0

-

Integrating by parts, we get: () _—.;

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.

(i) (po) = j w;[ih%)w"dx =2 (oin Ed—(sinﬂjdx

—— ﬂﬂ X a

2ihnnt . nrx nmx itnn't . 2nmx
=———Ism cos dx = 5 jsm — dx
a ag a a a5 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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211

212

Consider a particle confined in ane-dimensional box of width L Find the probability that the Parg
4 .

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

/“ Y
Hint : \l',,(")“‘\ sin - 1

27 nnx
ﬁ\l, (T)[ ,fr—T[an—r*dx

N 1

v 1 2|7 l__l_sin_ziml] _1
- T"’ﬂ?‘" I |x=0 n 2nn nl n

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

2h? _ x(6.623x107H)°
Hint:E =2 2 B gio1x10)x(0.1x107)
-3442
E = 1P x(6.623x10°) eV = 37.5 eV

8x(9.1x1071) x(0.1x107%)? x(1.6 x107*%)
Then E =37.5eV, E, =150eV, E, =337.5 eV

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

h
For de Broglie wavelength A, = ——
g B T J2mE,
Find the probability that a particle trapped in a box ‘L' wide¢an be found between 0.45 L and 0351
for the first excited state. [GGSIPU, May 2015 (4 marks!
Hint : w!l=gsm$ . fl‘}‘ (x)l dy'= ? sin?.nfru'd
n x

x 1 . 2nmx]™
= [T B En_nsg\\%s ]
Now x; =045 L and x, = @“ I'and'n=2for first excited state, on solving it we getP = 9.8%.

The wave function f§ particle/in a 1-D box is given by y(x) = J_ 7™ Show that the wav

function for two dlfferent 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, W, ()= [ , then W, (x)= Z sin '
a a

MIRX |, NmX
IV,,,\V dx = - I';m ~~—8in ——dx
n n

ﬂ

Therefore "[Jc (m a")m dx - J m.('."_'*;:f)_."“." d.\"l
) 0
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2.13 The eigenfunctions for 3 particle in a 1-Dbox are given by y(x) = \/2 sin ™™ Find the expectation
- a- a

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

. N . f |
Hint: N ()= J'wnandx=zfxsin2n—nxdx
a a
-0 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. =

: (o, d 2t . d (. nnx
(i) (P, "":L\Il,,(lhzc-)wndx:— smE( ﬂ)dx

Q
. Q
2innn . nme ) nnx ihnm't . 2nmx
=——— sm—f’é&) dx=—— i

a a-!; \6& " a’ .fsm o

Q >N\
Solving the integral, w@ (p)=0_J
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’
212
Hint : AL
8ml*
1x(6.63 x10734)?
= E : a6 x10" ) =2273x10719] = 1.42 eV

T 8x9.1x10° x(2x10°10)2

en two rigid walls separate by 2x107 m. Find the de Broglie
hree allowed energy states of the electron.

—— 21 e 2 [GGSIPU, May 2017 (4 marks)]
n 8 12 2 e Em— = ) ——c——‘ 8 2
. b Bmil? =2y mi

Ay = -i:lo_g.__ P ~31

T (662107 “BHOT0) 22107002 Zy 35 105

iy = 3x10

- - "‘\__ . N " -

44(6.6210) #Bx(9.1x1071) #(2x107)2 =33 5,106 -

y e 32]08

Q
3= —2X0 KO
9(6.6210°4) [8&@”70 %) #(2%107°)2 = 1 47 x1076
ALY "

Problem 2.8 The wave function of a certain particle is y = Acos? x for —; <x {g

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

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

Solution. As y = Acos? x —1—; {x{g-
n/2 .
(ﬂ) I |\|l| dx:]
-n/2
n/2 ax W
= 2A* Icos4 xdx=1 or 2A’2=1
. 16
3n 42 | JT
— = A A= |—
8 A° =1 - .
nf4 2 21:1'4 R 8
(b) 'P=‘|‘;|W| dx=A !)cos xdx as A=J;
. 8 n/4
- P=— cos? xdx =0.462
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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

| [
\w_——-' > Condenser lense
<Q '

¢

4\,

§®\ A Scan coils

S AN
Secondary ( > N ‘
electron detecta> o N\ Objective lens
"....’Q.
~ads
L | 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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