NUMERICAL PROBLEMS

gth of a space ship is m

oth. What is th

Proper length = |,
Formula for Lorentz length contraction is

p2
L=I.u 1'_ __)

. . - L, . .
According to given condition (L= o ) above equation can be written as

L, v
?=L0 1_(C_z)
1 v?

— 3 c

= [1— (=) Squaring both sides & solving for
2

Equation for time dilation is ; 3 -
0 _ -
i (035 0)? J/1-(0.9025)
\F_(;; 1-(—3
t =9.6 sec
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3 kg, moves with a speed of 0.75c¢. Find

18.3 An electron, which has a mass 9,11x10

Mme=911x10"kg v=075c

Relativistic momentum P,=? and  compare with Peassics
". 0 U |

Przmvz=—Fre=
' [ 02 =151
\ ('[""2') classical ‘

P, _= 1-51_7Pdassical ‘
(9.11x10731)(075x3x10%)

' (0.75¢) 2
(5
P,=3.1x102kgms?
Pclassical =My V
Petassicat = (9.11 x 10'") (0.75x3 x 108)
Petassical = 2,05 x 1022 kg ms?

- . P = p
For comparison, we find % difference as (—r—c'm'ﬂ) x100% =51%
classical

of v = 0.85c. Find i

18.4 An electron moves with a speed

M v=0.85¢ T.E=?(ineV) E=?(ineV)

At the given speed (0.85c) the relativistic mass m is
m, 9.11x 10731

= = -30
. 2 (ons )2 1.73 x 10 kg
(2) JI-—7—
Now Total energy T.E is

T.E=mc®=(1.73x10%) (3x 10%)?| Eo=moc?=(9.11x10%) (3 x 10)
T.E=1.56x10 1) Eo =8.199 x 103! divide bV “gh
divide by 1.6 x 1071 / 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

KE=T.E-E
K.E = (0.973 - 0.5124) MeV

K.E = 0.461 MeV

m=

sroton be tripled?

:11 =1.67x 107 kg v="7?atwhich m=3m,
Relativistic mass of proton is given by
K ArnA~~AAar f\ﬁh"‘
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m= ‘_-—r-'l.o____
Arcofdi“g to the given condition (m= 3m:)
m 0

3m0=—-—______

1—(? 2 taking reciprocal
(=)

1 »2 ,
S 2 g
9 1-( c? ) = — ==

1aking square root 2%
v =0.9428 ¢

3.6 At what fraction of speed of light must 3
 half times its rest energy?

DO

particle move so that its K.E is one and

- 3
V=? when K.E:EE°=;(mac’)
Total energy E= kin3etic energy K.E + rest energy E,
mc2=§(moc’)+(moc’) divide by ¢?
3 .
m=zmo+mo=§mo .
Do g Asm =8
—_=m, =
vZ 2 [ =l
1 5 "
== Take reciprocal and square
1-(=)
2
v 4
1-(7)=35
v? _ 21
Taki an 7] 43
Mg square root & solving for “v’
v =0.916c¢

0s

x=33°V *3x1.6x10=4.8x10") _5

B l'™  {a) f=? (b) K.Emax =? Wers

'rQka function is the minimum amount of energy required for ejecting electrons
"3 Mmeta| surface

m:hfa
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, -19
#85x10 - 0.72 x 10 Hz

1

fo= = (663x1037)
(b) According to the Einstein’s equation of photoelectric effect
E= (D + K.Emax
K-Ema: = hf" d)
f
Since fzoz 210 10% Hy
A (3x1077) -
K.Emax = (6.63 x 10%) (10%) - (4.8 x 10°%?)
K.Emax=1.83x 107 ) divide by 1.6 x 10
K.Emsx = 1.14 eV -
(c) K.Em: =€V, where V, is stopping potential
_KEmax 114x16x10-1
” Vo= e  16x10-1?
= Vo=1.14V

18.8 The thermal radiation from the sun peaks in the visible pz
Estimate the temperature of the sun.
1S
T =7 For visible part of spectrum
For visible part of spectrum, wavelength is 500 nm
Amax =500 nm
Using Wien’s displacement law
Amax T=0.2898 x 10° m K
= 0.2898x107% 0.2898 x 10 -2
" Amar 5002109
T=5796 K ~ 5800 K
18.9 A 50 keV X-ray is scattered throu gh an angle of 90°
after Compton scattering?

. What is the ener, gy of X-ra

Initially E = 50 keV = 50,000 x 1.6 x 10" ) = g x 105
6 =90° Energy after scattering E/ = ?
Energy of X-ray photon after scattering can be found by equation

flens
El= = (1)
A’ is wavelength of scattered photon and is given by the equation

h
Meps——qq .
A e (1 Cost) 2)

A is the only unknown at the right hand side for which we use
hc

E=—

a=ne_(663x10-34)3, 148,

E 8 ~-15
A=2.49x 10" m putting this value in eq (2}, we g’étl;o
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/=
A -2.49x10-11+¢x 10-34
( 9.11 X 10 =31 ) ( 3x 10 8 )(1—(:0590)

A = 2.73 x 101 m

put this in eq (1) we get
6. -
g/-(663x19 y(3x 108)
/ 2.73x 10 -1
E =728 %10 divide by “e”
E’=455 ey
Bth_of de Rrror: ' il
accelerated through a potentia) diff
Solution Srence of 200 V.
polution
A = ? (for electron) Vo=200V
. ) 1 °"
De-Broglie’s wavelength associated with a moving electron is given by
h
= (1)

. . 1 2
Kinetic energy 3 mvi=eV,

_ [2eV, [2(16x10719)(200)
VEUTm 9.11x10-31

v=8.38 x10°m/s

o _ 6.63 x10 ~3* .57 0
Plat this value in eq (1) we get A= (911x1031)(838x106)

18.11 An electron is accelerated through a potential difference of 50V. Calculate its

de Broglie Wavelength.

Vo=50V A = ? (for electron)
De-Broglie’s wavelength associated \]n;ith 2 moving electron is given by
(1)
Az
V .
S 1 mn‘:z =eVo Re-arranging them we get
nce

2

Jm
- —
V= m

M =4.19x10°m/s
v= 911x107"

/95’3-"—19;""‘(,'= 1.74 A°
10 -31) (419X 10
(9.11x 3 to be 5 X 10° m /s to an accuracy of

ofthi electron
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Uncertainty in position Ax = ? ( for electron )
Uncertainty in velocity Av=5x10°x A
Av=5x10°x(3x10%)=0.15m/s

Now according to Heisenberg’s uncertainty principle,
y glmmp:r, (AsAP=mAv)

. =34
pyo b i, 663X1D =4.85x10° m
mav (9.11x10731)(0.15)

’ . -8
18.13 The life time of an electron in an exited state is about 10

sec. What is it

At=108sec =?
By Heisenberg's uncertainty principle,
AEAt=h
h 663x10~3*
AE = — = — =6.63x107%)
At 108
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