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Chapter 3 (Wave Nature of Particle)
Solution of Worksheet

MCQ (Multiple Choice Questions)

Ans. 1: (c)
Solution: de-Broglie wavelength 1 = ﬁ ﬁ yy
p 4H B
Since momentum p is conserved in the decay process, p, =p, .. % =1
Ans. 2: (c)
. . h .
Solution: The de-Broglie wavelength 4 =— (i)
mv
Where relativistic mass m = My - m, —> rest mass
v
1-—
C2
2 2
= :—2: —%jmv:cwlmz —m; (ii)
L .. he
Thus, equation (i) and (ii), we get=> 1= ———— (iii)

2 2 2
com" —my

1

Now, cz\/mz—mg :\/04(m—m0)(m+m0) :{(m—mo)}{(m—mo)cz+2m0c:2}2

= E(E+2m0c:2) [Since E =(m—m,)c*]
So, by equation (iii) A= he
JE(E+2me)
Ans. 3: (d)
h
Solution: For photon, £ z—cor A :E (i)
A E

_h_h
- 2m K 2mE

(ii)

For proton kinetic energy K :%mpv; or 4,

From (i) and {(ii),

J2m E cx.[2m
ﬁzkx " or ﬁ:—p:c /2mp ><E’1/2orﬁocE71/2
E A JE A4

h E
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Ans. 4: (a)

0
Solution: (a) The angle of the x-ray beams from the planesis 8 = (900 - 1220 ] =30°".

Strong diffraction peak occurs for 2dsimé8 =4 190°
Thus,/1=2dsin9:>/1:2x2xsin30°:2x2x%:2A° \\O/

h _ 6.6x107**(J —sec)x

(b) p== = o =3.3x10"*"kgm/sec
Ans. 5: (a)
myc*
Y
1/2 E pict+mic? T2 2
Sqution:E:(pzchrmgcz) =>v,=—= P 0 - ¢ _&
P p myv v
2
-
c
Ans. 6: (b)
Solution: E* = p*c® +mjc*
dE E ¢ > 10 5
2E—:2pc2 :>E.vg :pc:2 :>—:C—:vp =V, :C—:—c:—c
dp P v 08¢ 8 4

Ans. 7: (b)
Solution: From the definition of de-Broglie

h and  m=—00

A=— —_—
mV 2

Where v is velocity of particle and equal to group velocity Ve

1/2
h h*c?
Z_ﬂ’ V_Vg_(mgcz/”terhzj
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Ans. 8: (a)
Solution: v :_xzd_\/:é 2nT
& dr 2\ pi
Ans. 9: (d)
Solution: w=ck , v :a’_a):c , VPZQZC
£ dk k

Ans. 10: (d)
Solution: Group velocity is v, =dw/dk . So, take the derivative of the quantity @ = vc¢?k* + m* to get

c’k
Nk +m?

Use the above equation to test the choices:

Vg =dw/dk =

(@Q)As k> 0= v, =0, notinfinity. The first condition doesn’t work, no need to test the second

(don’t have to remember L'Hopital’s rule).

(b) Wrong for the same reason as (a).

(c) As k —> 0, v, R =c, since m << (ck)z. So, v, doesn’t tend towards . This choice is
ck

wrong.
(d) This is it. The conditions work (and it’s the only choice left).

Ans. 11: (b)

Solution: E* = p*c? +m§c4

2 2
2Ed—E:2p02:>E.vg:p02:>£:C—:v =V :c—:>i
dp p vy, T pe p
Ans. 12: (c)
Sqution:P:£:>£:c:vp and d—E:c:vg
c p dp

MSQ (Multiple Select Questions)
Ans. 13: (a), (b) and (d)

Solution: 7' = E —myc* = E =3m,c’

2 2 2
2m002:&—m002:3:;3121—‘}—2:‘}—2:1—l:§:>v: §c:>&c
. V2 . Vo9 c c 9 9 9 3
2 2
c c
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The de-Broglie wavelength 4 :i

my
E? = p*? +mic" = 9mic' = pP +mict = p*c? =8mic" = p=8myc
E=pc= (2.000MeV/c)c =2.000 MeV

p \/gmoc
Ans. 14: (a), (b), (c), (d)

Solution: Here m=9.1x10""kg and L=0.10nm=1.0x10""m, so that the permitted electron energies

are

(n)(6.63x107 J.s) s ,
En:(S)(91 107 4g ) (1L0x10"m)’ e
Ix 2 J(1.0x m

The minimum energy the electron can have is 38¢J, corresponding to n=1. The sequence of

energy levels continues E, =152¢V E, =342¢elV E, = 608eV , and so If such a box existed, the

guantization of trapped electrons energy would be a prominent feature of the system. (And
indeed energy quantization is prominent in the case of an atomic electron).

Ans. 15: (a), (b)
4

Solution: Bragg’s angle & :%_E

Ans. 16: (a), (c), (d)
Solution: (a) First calculate the wavelength of the electron. The kinetic energy K of an electron
accelerated through a potential of 1007 is 100eV . So, using the equation above we have:

he 1240eV -nm

A= -
Jame'K - ([2(5.11x10°ev ) (VeV)

=0.123nm =V =100V

Now we use the Davisson-Germer formula for first-order (nzl) diffraction,

2dsin@ =A4=0.123nm, where d =0.091nm is the distance between adjacent crystal planes in

Ni. Now we can solve for 8, the angle between the original direction of the electron beam and

scattered direction:

@ =sin" (%) =sin! (%j =0.74 radians = 42.52°
X U.

Now & is not the scattering angle measured by Davisson and Germer. Rather, they measured

angle ¢.
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¢

0= %—5, so in this case they would have measured. ¢ =180° —85.04 = 95°.

Ans. 17: (a), (b), (c), (d)

Solution: @* = ak® + fk’ = w =k o + Bk

. Phase velocity v, :%: Ja+ pk

and Group velocity v, = do _ d [\/akz +ﬁk3J

dk dk
200+ 3Lk

1/2

=v, :%(akz + o) (2ak +3682) T

=v,v, =a+1.50k

letat k=k,, v, =v,

20+ 3Pk,

= .Ja+ Pk, =
Phy 2(a+ pk,)"

= 20 +2fk, = 2a+3pk, = Pk, =0 .k, =0

Ans. 18: (b), (d)
Ans. 19: (a), (d)

NAT (Numerical Answer Type)
Ans.20: 4

Solution: Every particle of mass m moving with velocity v is associated with a wave of wavelength

givenas A= L h — Planck’s constant
my
h .
the wavelength for proton A = (i)
my
pp
h ..
and the wavelength for He 1, = (ii)
m(lv(l
h h v
since, 4, =1, = — =2 M (iii)
my, my, v, m,

. 4
Since, ,He" has four nucleonsso m =4m,

v
Thus, (i) =—+=4  =v v, =4:1

a

Ans. 21:1.414

h
Solution: de Broglie wavelength 1 =—— where K denotes kinetic energy of particle
2mK

Case (I): 0<x<1
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Given: potential energy = £, Given: Total energy =2E,

h

' amE,

~.Kineticenergy =2E, - E, =E, .. 4

Case (Il): x> 1

Given: potential energy V(x) =0 given: Total energy =2F,

". Kinetic energy =2E,

Ry T =2 - ﬁ =2

2m 2F, A

Ans.22:1.5

Solution: \/\
: VA

L/3 2L/3 L

If wavelength of standing wave is A and length of wall is L From the figure % =L so A :g

3

If pis momentum and A is wavelength then from De-Broglie hypothesis p :% where

3h
So p=
P= 2L

Ans. 23:1.43

2 2)?
E? —(myc?) _J1-025  0.75MeV

2

2
Solution: E? = p?c? +(mocz) = p= -
c c c

34 8 —13
gt _66x10° X3X1?3_19'8X10 —1434x10 B m=1.43x10"2m
P 0.75x1.6x10 138
Ans.24: 0.5

Solution: For A particle is confined in a one dimensional box with impenetrable walls at x = +a.

—a (I)\_/rla

The given state is representation of first exited state whose energy is 2el
If £, is energy of nth state and £ is energy of ground state then £, = n2E0

sol, =4E, and E,=0.5¢l
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Ans. 25: 1
h
Solution: De-Broglie wavelength, 4 =— .'.i:&Since momentum p is conserved in the decay
p 2 1
process, p, = p, i =1
12
Ans. 26: 3

Solution: The particle is in an infinite well of length 2a. (It’s stuck forever bouncing around between

the two walls.)
The number of nodes in the wave function determines the energy level. In this case, there is

one load, thus thisis £,. The lowest state would be £,.
E,=kn’eV for particle in a box. Given that E, =2eV one determinesk =1/2eV . For one

particle system. Thus, £, =0.5¢V for three electron system E=2x0.5¢eV +1x2eV =3eV .

Ans. 27: 0.72

E*—(mc® ’ —
Solution: E* = p°c’ +(mocz)2 = p= ( 0 ) _N4-1 J3Mev
C C C

34 8 -13
:6.63><10 x3x10 219.8><10 7 17x10 P m = 0.72x10"2m

As, A :ﬁ
p 3x1.6x107" 2.72

Ans. 28: 152
Solution: Here m=9.1x10""kg and L=0.10nm =1.0x10""m, so that the permitted electron energies

are

(n)(6.63x107 J.s) s ,
En:(S)(91 107 4g ) (1L0x10"m)’ e
Ix 2 J(1.0x m

The minimum energy the electron can have is 38el, corresponding to n=1 for fundamental

wave and n =2 the energyis £, =152eV for first overtone.

Ans. 29: 720
Solution: izﬁzi Or,v:i: i i For an electron, i =24 pm.
p my mA \mc)A mc
2.4pm
s, v=24PM) o 40 — (2.4x10°)x(3x10°m/ s) = 720m 5.

(1pam)
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Ans. 30: 124
Solution: For a highly relativistic electron, the kinetic energy and the linear momentum are related by

E = pc, arelation strictly true for a photon. Thus the de Broglie wavelength is

0
1240eVnm _ 12.4keV A
E E

A=

h_he

p E
- . 12.4

If £ isin A is angstrom, X:T.Thus a=124

Ans. 31:12.25
Solution: As an electron is accelerated through a potential difference V', its potential energy is

decreased by eV . The kinetic energy gained is equal to this value. So

eV =mv*/2=p’/(2m) or, p=~2meV

2
de Broglie wavelengthis A = ﬁ = L =, /h—L
P ~N2meV \2meV

h 1.5eVnm’
For an electron, —=1.5¢Vnm”. So, A = Loernm

2m eV

If V' is putin volts, the energy el is the same as V' electron volts. Canceling the unit eV from

JI5 12250

the numerator and the denominator, 4 = nm = ASo, a=12.25
NN 7

Ans. 32: 2

120°
Solution: (a) The angle of the x-ray beams from the planesis €= (900 - j:30°. 120°

\\O/

Strong diffraction peak occurs for 2d s =4

Thus, A1 =2dsin@ = 1 =2x2xsin30’ :2x2x%:2A°

he 6.6x107* (J—sec)x3><108m/sec

(b) E=—= — =13.2x10 " Joule
A 1.5x100m

Ans. 33: 0.5
Solution: Ve =V

Ans. 34: 2

2 2

Solution: v, :c—:—:2c
v 0.5¢c
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Ans.35:1

do 0]
Solution: Group velocity, V. =—— and phase velocityis V. =—
£ dk S

o = ak+pk ... (A)
. . . do )
Differentiating both sides we get 20).% =a+30k

Now dividing both sides by £ we will get

o do « a
——=—+430k =2V V. =—+30k
k dk k p L 4 p

For k=kyand V =V
r 4

%
wr =gy = 2Pk
s 2k, 2

%
From equation (A) V, :% = [kﬁJrﬁkoj

0

Thus, |2+ 3k |7 _[ % g [T @ PR g = |
ka2 2 k 2k, 2 B

0 0
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