e Measured length L = Loy=7?
3
Formula for Lorentz length contraction is

5 1 v?
=l j1-(=)

: i e, L, , .
According to given condition (L = = ) above equation can be written as




18.3 An electron, which has a mass 9.11x10 *! kg, moves with a speed of 0.75c¢. Find
its relativistic momentum and compare this value with the momentum calculated
'rom classical expression.

m=911x10% kg  v=0.75¢
Relativistic momentum P,=? and  compare with Pusssica

mgyv e ik,
pr—mv- - - Pr' =151

i 1—( J Pclassical
\ : Pr =151 Pdassi(al

[‘J.l]xlU & )(u7f‘x'ix103)

\ i (0 7_‘ ‘_” )
Pr=3.1x10%kgms™?
Pelassical = Mo V
Petassical = (9.11 x 10*') (0.75 x 3 x 10%)
Pelassical = 2.05 x 1022 kg ms’
T Pclasswal) x 100% = 51 %

classical

: . P
For comparison, we find % difference as (

peed of v = 0.85¢. Find its

M v=085c  T.E=?(ineV) E=?(ineV)

At the given speed (0.85c) the relativistic mass m is
m, 9.11x 1031
m = { = =1.73x10% kg

v 2 (085¢ B
1\‘1_(‘:—{) Jl————z——)
Now Total energy l.Eis

T.E=mc?=(1.73x10%) (3 x 103)2 Eo=moc?=(9.11 x 10%) (3 x 10%)
T.E=1.56x10 **) Eo=8.199x 103 divide by “e”
divide by 1.6 x 10%° ) / eV - Eo=0.5124 Mev
T.E=0.973 MeV
Now total energy T.E and kinetic energy K.E are related to rest energy E,
T.E=KE+E
K.E=T.E- Eo

= (0.973 - 0.5124) MeV
K.E = 0.461 MeV

18.4 An electron moves with a s

proton be tripled?

tion
7 x107 kg  v=7?atwhich m=3m,

Relatwlstlc mass of proton is given by

NA~AANNArmI A



2
\Il - 'I"'i .-

srding to the given condition ( m = 3m; )

3 Mo = _:—T____(l—-—-___—: 4 '

1 v 2 taking reciprocal
N ted?

1 »2 .

g "o~} » b G

9 c? F*s

V=? when K.E=:Eo='-;(muczj
' 2
Total energy E = kinetic energy K.E + rest energy E,
3
mc:’:;(mg c)+(moc?) divide by c?

3 5
l'T'lZEI'T'IO-l-m‘,,:—’mG

m, g m g,
2 | W Asmz——
- o o A 8
1-(—= ) =t =)
N e N c*

1 5

== Take reciprocal and square

| 2}
{ (\'“ .
'1"‘1 o,

L

v 4
1'(:5)_11
v: 21
c 2

Taki "
king square root & solving for “v
v = 0.916¢

47 ted by light of .
3510A metal, whose work function is 3.0 eV, is illumina wavelenth

Um, ¢ Calculate (a) The threshold b) The maximum energ

Jhnt
h malectrcm__r,i_‘;)jr!-,“,_3 stopping

0.
l‘ae\! *3x1.6x10°=4.8x10")
Sx1g2 (c) Vo=2
h‘ M cn Lo e required for ejecting electrons
“lh function is the minimum amount of energy

4 meta| surface
m = h fo

L - Y1l 1 ASAY




¢ 48x10 "

h (663x10 %)
(b) According to the Einstein’s equation of photoelectric effect
E= m + K-E"nn

K.Emax = hf - ¢

: e 3Ixte®
Since f_1_<3x10'" | )
K.Emax = (6.63 x 10%) (10") - (4.8 x 10 )

K.Enox=1.83x10%) divide by 1.6 x 10

K.Emax = 1.14 &V
(c) K.Emax =€V, whereV, is stopping potential
_ KE max _114x16x10""
- e - 16x10-19
- 4 Vo=1.14V
18.8 The thermal radiation from the sun peaks in the visible

Estimate the temperature of the sun.

¥ =0.72 x 10" Hz

= 10" Hz

T =? For visible part of spectrum
For visible part of spectrum, wavelength is 500 nm
Aﬂ'un: =500 nm
Using Wien’s displacement law
Avax T=0.2898 x 10? m K
o 0.2898x107% 02898 x 10 -2

Amax : 500x10 -9
T=5796 K =~ 5800 K

Initially E = 50 keV = 50,000 x 1.6 x 10"° ) = g x 105 |
B =90° Energy after scattering E/ = ?
Energy of X-ray photon after scattering can be found by equation
hc
I = —
oY, (1)
A’ is wavelength of scattered photon and is given by the equation

h
O L
h+mo€(1 COSB] (2’

A is the only unknown at the right hand side for w
he

E=—

hich we use

a=he_(663x10-34) 3, 1089)

E 8 -1
A=2.49x10" m putting this value in eq (2), e pr
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fi
A “2-49)(10 n, 6.63 x 10-34

Af = 2.73 X 10-11 m

: put this in eq (1
£/ (663x10-34 eq (1) we get

J(3x10°%)
je 273 x 10 -11
: / il ) divide by “e”
E' =455 kay

18.10 Calculate the wavelength
accelerated through a potential gife

s olie_e waves associated with
ENce of 200 V.

=? (for electron)

Broglie’ lengti S Oy
e-Broglie’s waveleng? ; . ‘
De-Brog Bth associated with 3 moving electron is given by
h
A (1)
) 1 muv
Kinetic energy - m =e\.
2eV, [2(16x10-19)(200)
U-\j m 911 x 10 ~31
v =8.38 x 10°m/s
6.63 x 10 ~3*

Pt this value in eq (1) we get A= 9117 10-71)(8382105) =0.87 A
of 50V. Calculate its

VED =50V A = ? (for electron)
[ i isgiven b
De-Broglie’s wavelength associated \lﬂ;lth 2 moving electron is given by
e (1)
“mv

Since

2(16x10 ) 30) - 4 19x10° m/s

=51
V= 911x10 3 ‘
/’ﬁfﬁ‘j_“,;p’( =174 A°
(911x10_'31 )(4.19)(10 :
p ‘ sured tO.be . ic electron
1513 on is meast ition of this electron.
'8.12 The speed of an e’ﬁdetefmi“‘” the post ey
$:Y03%. Find the ur ncertain

0003 - 3x10°
™ 0-003% =100 3

racy ot

Accuracy Ac




Uncertainty in position Ax = ? ( for electron )
Uncertainty in velocity Av=5x10°x A
Av=5x10°x(3x 10°)=0.15 m/s
Now according to Heisenberg’s uncertainty principle,
Ax AP =h
h 6.63 x 10 34

"(911x10-31)(0.15) _
state is about 10° sec. What is it

(AsAP=mAv)

:4,85!10!”1

Ax =
m Av

18.13 The life time of an electron in an exited

At = 10°® sec AE=?
By Heisenberg’s uncertainty principle,
AEAt=h
h 663x10 % b
AE === =6.63x10°)
At 10 -8

A
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