Modern Physics

ALLEN

Modern Physics-1 [Dual Nature of Radiation and Matter]

SOLUTIONS

Exercise-1I (Conceptual Questions)

¢, 33x1.6x107"

: R 21, v,="="""""— =8x10"Hz
1.  Maximum wavelength in visible light is 7800 h 6.6x107%
A. So energy of photon of this wavelength is 25. The stopping potential depends on the
hce  6.62x103* x3x10° substance of the cathode. Since it is same for
E=—= =1.6eV
A 7800x10°x1.6x107" A and B, the cathodes are made of the same
hv substance. Since the current of A is greater
2. Momentum of photon p = o than the current of B, the lights used are of
6.6x10* x1.5x 10" filfferent intensities. Light of A is more
= . =3.3x10-2kgm/s intense.
. 3:;20 . 28. (KE.) max=hv-¢
6. Wo=—-= eV-A =4eV-2eV
bo KE.=2eV;V=2volt
12400 o
or= ——— =3100 A =310 nm 29, g o hc_h
4 E p
7. For elementhA ’ 7;10 =4 on decreasing A, both p and E will increase
Wiz 2= 2256V ...(1) 31. E=100eV
by A V = 100 volt
For elementB, W;s = he =5eV...(2) A= 12.27 A= 12.27 =1.227 A
Mg Jv 100
Dividing (1) & (2), we get h 1
32. A=—— .. Ax —= ("~ Visconstant)
&X}‘_BZZ;S Ag = & \2mqV Jmq
A hc 5 2
o _he_12400 4 12400 ﬁz\/mpqp :\/ myq, _ 1
LT ~ 6000 e \mga, \2muq, 42
=2.06eV~2eV 33. V=40-20=20volt
9.  Minimum Kinetic energy is always zero. 1227 o 12.27 ¢ 2
10. KE.nax=eVo=4eV "= Jv A= 20 A=2754
Vo =4 volt 34
h 6.62x10
11. Stopping potential does not depend on | 34. A=—= _31>< >=11x107m
relative distance between the source and cell myv  9x10™ x6.6x10
35. Here Ay=2q/2
and saturation current o 7 N h N 1
= —_— i oC ——
12. )o=200nm =2000 A V2mE JE
A =100 nm = 1000 A 1 E ()
1 1 Eecs = o=
KE._ _=|———12400eV - A A E, (M
max | LA A, , ,
A A
12400 = 21 = Ll = =
=12400] ————~| ev= Ton " =626V Fa=bax (x j El[x /2] =Bt 3t
1000 2000 2000 2 !
energy added should be thrice initial energy.
17. n oc— 1
36. A= Here E is same. So A oc —=
19. (KE)max=hv-o=6eV-4eV=2eV 2mE Jm
Mg > My > Mp > Me Ao <An<Ap<Ae
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12.27 12.27 o 56. For charged particle
37. A=—=A= A=——=—=0.055A secp
Jv /50000 __h
38. Foraneutron m=1.7 x 10-27 kg \2mqV
_h 662x10** _ 0.284 A for proton and electron
V2mE  2x1.7x10 7 xE  [E(eV) q —> same, V — same
. o 1 m
=%:O.16A=1.6><10-1lm So,?»m—:>£= —L
N Tm 73, \m,
39. A h Here V is same. So A o ! 57. de-Brogli length A h
. = - —— . de-Broglie wavelen =
\2mqV Jmq 8 8 \2mE
o ﬁ:\/maqa _ J4mp %24, _ 2\/5 where E is the kinetic energy1
Ay myq, myqp 1 Since E is the same, .. A oc T
41. Energyin ground state =13.6 eV m
h Since mg > mp > Me, . Ae > Ap > A .
Ist Method : A = —— h
2mE 58. For a particle, de Broglie wavelength A =—
_ 6.62x107%* , P
J2x9.1x10* x13.6x1.6x107" Kinetic energy K = Zp_
2 m
=33x1010m=33A
12.27 A= h
1nd Method : 1.= W A ' 2mK
h
12.27 . For an electron A = ——
= A= ﬁ =3.3A JZmeKe
' -34
47. By de Broglie formula = (6.63x107))
b 66x10° 2x(9.11x10*'kg)x(120x1.6x10"°])
p=—=————2=15x10" kgm/s
A 4400x10 =112x1012m=112pm [.. 1 pm = 10-12m)]
For photon, velocity =c=3 x 108 m/s OR
27 KE.=120eV V=120 volt
m:E:llsx—lo orm=>5x 10-36 kg
c  3x10° For electron
- 12.27
50- ZTCF = n7\, — =112 pm
Here n=1 /120
2mr = A 59, -
52. KE=1KeV 2mk
54. 2mrn=nk = 2nr,=2x10°m For protons i, = h - ()
4/2m .
55. A= L PP
mv . h
For o - particle A =
A, _myv, 2m, 2v, 4 2m_ .k,
‘A, my, m, v, 1 h
A A, = (- kp=kq) given
=4 2.(4m, )k, '
New wavelength = 4 x original wavelength
. h
.. The wavelength increases by a factor more A, =——— (i)
than 2. 2,[2m k|
[2] www.allen.in
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h h 1
6. p=— = px — (Rectangular hyperbola)
ividing (i ii) we get =
" ’ " Ay M 7 Energy of photon (E) = 12400 _ 2.48eV
22m k. ' By OLp 5000
by Work function =2.28¢eV
2o 2 =20 _ _(d)o)_ _
" According to Einstein equation
Exercise-1II (Previous Year Questions) E = ¢o + (KE.)max
A 2I1A . = 4. L Jmax
Average force Fay = e = 2.48=2.28+(KE)
c =  (KE)max=0.20eV
2x25x10*x15x10™*
= 8 =2.50x10°N For electron A = ———= = A ~ 284
3x10 2mE
By using hv = ¢o + Kmax i
We have So A2>228x10"m
hv=¢o+05 .. (1) 8. KE, - he 0
and 1.2hv=¢o+08 ... (ii) A
Therefore ¢o = 1.0 eV hc b 2hc
_h YRR
Jzmk KE; = 3KE;
K, _ [16K 4 2hc
- iis e
hc
% change = ><100 =-75% = 20 = T
hc hc
eVs=E-¢=>Vs= —-— hc
’ b=V re e = ¢ n
hc hc
— h
here 3V, = re Ao (1) 9. Forelectron Ae= m
and Vo = e _he -(2) for Photon E = pc
2he Aye h
c
equation (1) - 3 x equation (2) = "
= O=—£+2hC = Ao =4\ 2 h E E V1
2he  Aye = le _ x :(_j =
Aew ~2mE hc \(2m) ¢
E/C E/C
10. eV= he _he (i)
AoA
eV hc hc "
E T = —7\‘—7\4— ...(ll)
Momentum of light p= — 2 0
C From equation (i) and (ii)
So momentum transferred to the surface 1 1
2E Ay ;
=pf-pi=? j4_i_i On solving Ao = 34
2L A,
www.allen.in [3]
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11.

12.

13.

14.

15.

ev, =%mv2 =hv—¢,

max

2=5—¢0:>¢0=3eV

In second case

eVi=6-3=3eV=>V,=3V.

" VAC =-3V

Kinetic energy of thermal neutron with

3
equilibrium is EKT
_h h h
mv 2mK.
V2mKE \/Zm(sKT)
2
h

J3mKT

ho=3250 A
A=2536A

A

B 2><12400><1.6><1019{ 714 }
- 9.1x107%! 2536x3250
=0.6x10°m/s=6 x 105m/s

s F_aE_(e)CE) _ ek
m m m " m
ek,
V=V, +—t
m
=" : Ejt] : Eyt
v m[V0 eo} mVO[lJreo}
mV,
— 7\'0
_1 ek, t
mV,

From Einstein's equation of PEE

1 1
Eme =2hvo-hvo= Eme =hvg (1)

1 1
Emvﬁ =5hvo - hvo = Emvﬁ = 4hvy ..(2)

(1) +(2)
vilv 11
vi 4 v, N4 2

16.

17.

18.

19.

20.

21.

22,

23.

150

\%

5
10*

>o

A

[y
o

A= A=12.27x10-2m

<
I
>|g

1240
A

1240
= A= —4 =310 nm

=4eV-=

(- Exis same for both)

E 20
— = E=IAt = —,
At 10

=24%x103]

x20x107* x60

10%
C1.6x107°
A=1.227 x10-2nm = 0.1227 A
12.27 . 12.27 .
A=—="A =0.1227= —="A
N W
— JV=10 = V =104 volt
K1 = 1.5 hVo - (I)o = 0.5 hVo

1.5
Kz = 7hVo—hV0 = - 0.25 hVo

eV =0.0625 eV

** Kinetic energy can never be negative
So, no emissionandi=0
OR
In second case the incident frequency is
halved

1.5
Incident frequency = 7V0 =0.75vo

Now the incident frequency is less than
threshold frequency so no emission of
electron take place therefore no current.

(i=0)
1227 . 1227
A= A= x 10-10
Jv J144

=1.02x10-1m =102 x 10-3 nm

[4]
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24.

The
experimentally verified by Davission and

wave nature of electrons was

(v) Photons are massless and do not carry any

charge.

Germer. = statement E is incorrect.
25, P:n_hcjn:P_k Correct choice (2)
A hc A, B, C, & D are correct.
~3.3x107°x600x10™ _10' 34. de-Broglie wavelength and energy relation of
6.6x107* x3x10° a free particle
h
26. == K,.. +¢ [given ¢ is negligible] A= h
A 2mE
SO, E = Kmax 2 = hz
A 2mE
2
and kd:L:Kmaxzh_z i—z—mE
2mK, 2m, A2 h?
2 1
he) W _, _(2mc % Graph —v/sE
L) 2mil h
30. Given energy of photon E =2.20 eV lz
Work function of Cs ¢o = 2.14 eV, K ¢o = 2.30 A
eV,Na¢o=2.75¢eV
We know that e- emitts when hv > ¢ 0 E
here it is clear that energy of photon is more _
. . 35. Ve=Vx
than the work function of Cs [Caesium] only
so Ans. only (Cs). Voc Same
31, - 12270 1227 12'27A - h
\/_ N 9 \2mqv
=136 4 (~.-1A=inmj Moo
10 mq
=0.136 nm
. oL . Ao m,q, 4m_ x 2q,
32. Maximum Kkinetic energy of emitted electron = = (ge)=(ap)
m m_ X
is independent of intensity of radiation. “ de e
33. Foraphoton, A, \/§ m, m, > me
(i) Energy E = hv = (statement A is correct) A, B m, J8=282
(ii) All photons travel with speed of light (= ¢ Y
in free space) ¢ N *
=> statement B is correct 36. A= ac
E hv ¢
(iii) Momentum of a photon. p=—=— he
¢ ¢ Kmax = " ¢
= Statement C is correct. A
(iv) In a photon-electron collision, total K e_hc_¢
energy and total momentum are he
conserved. Kmax =€~ ¢
= statement D is also correct.
www.allen.in [5]



ALLEN

NEET : Physics

Exercise-III (Analytical Questions)
1. Photo electric equation
KEnax=E-¢=hv-¢
(4.14 x 10-15eV-s) (6 x 1014 Hz) - 2.0 eV
=2.48-2.0=0.48eV~0.5eV
=05x1.6x1019=8x10-20]
Stopping potential
eVs = KEmax = 0.48eV
Vs =0.48 volt
n= & xA= 1 x A
hc hv
_ 60x10°x6.6x10™*
© 6.6x10**x6x10"

n = 1020 per second
i=ne=1020x 1.6 x 10-1=16 A

3h KEmax
:K1

Ao =5A

Ao =5\

« _he_hc_he[1 1) he[2
30 5. Al3 5 Al 15

g _he_he_hel, 1] he[s
A 5L A 5 ALS

(a) Ratio of KE

el 2]
K _ALIS] 1 =1:6
K, he[+] 6
ALS
(b) Ratio of speeds of incident photons
—= 1 =1:1
, 1
Ratio of momentum of incident photons
P A, A

=—4t=—=1:3
p, A, 3A

(c) Ratio of fastest speed of photo electrons

Y ﬁz\/izlz\/g
v, \K, 6

Statement-I is true, statement-II is false.

_h
" V2mE
1 . —
K«\/—E (.. KE =same)
h 1
(A) sz orkoc;
A
Tp M, _4 (-.m, ~4m )
A, m,
h 1
(B) A= or Aot ——
) \2mqV «/mq

(- u=20p)
h 1
) ar= or Aot —
) 2mE, Jm
My fm, _ [4_2
A, m, 1 1
h
(D) A=
p
M 1
A, 1
Give Ap = 2A.
So &:Ezl (X:E)
p. », 2 p
15
E, oM ~(mv)v

_ipv_1fp.|v

2pc 2\p,)c
E:l(%(i):loz
E, 2\1){100

and e —MeVe :Ezi:w*
m,c moc ¢ 100

[6]
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Modern Physics-2 [Nuclear Physics & Radioactivity]

SOLUTIONS

Exercise-1I (Conceptual Questions)

43. Energy released = binding energy of products

2. B.E.ofA=240x7.6=1824 MeV - binding energy of reactants
B.E.of B=100 x 8.1 =810 MeV =c-(a+b)=c-a-b
B.E.of C=140 x 8.1 = 1134 MeV 52 N A A, _238—222_4
SoQ=(810+ 1134) MeV - 1824 MeV ' “ 4 4 B
=120 MeV Np =Z-Zi+ 2No =83 -90 + 2(4) = 1
3.  Energyreleased in 10 kg of Uranium A -A, 238-206
E=mc2=10x (3 x 108)2=9 x 1017 ] 53. N,= R =8
4. Energy released in 2 mole of U235
6.02% 107 x2x 235 Np=7Zf-Zi+2Ne=82-92+2(8)=6
= = 3t x200 MeV
= 24 x 1025 MeV Exerc1fse-lfl (Previous Year Questions)
22. Released power 1kW or 1x103W 1. BEo Zi—l? =4x7.06=28.24 MeV
and per fission released energy 200 MeV BE of 7Li =7 x 5.60 = 39.20 MeV
or 200 x1.6x10-3] 3L +aTH = oHet+,Het +Q
10° 39.20 28.24 x 2
Number of fission = ——=—— = Q= 56.48 - 39.20 = 17.28 MeV
per sec = 3.125 x 1013 2. RxAl/3
29. Binding energy = [Zm, + (A - Z)m,] - M, R, (27 173
=[2 x1.0073 + 2 x 1.0087] - 4.0015 R_Te: 125
=4.032-4.0015=0.0305u c
or 0.0305x931 =284 MeV = Rre= — Ral
33. Nuclear density is of the order of 1017 kg/m3. 3
36. Mass of nucleus is slightly less than sum of 3. By COLM:
masses of its constituents. This mass pr-pi=0
difference is equivalent to binding energy. — Dre-pm=0 KE. — p_2
B 2m
Am=—=(Zm, +NM, )-M(N,Z)
¢ = PHe= PTh
Hence M (N, Z) = NM, + ZMp - B/c? 1
38. m=1mg=10%6kg but K oc — and mue < mmm So Kue > Kt
m
E=mc2=10-6x (3 x108)2=9 x 1010] 4 ‘He? = Helium Nucl
. = = Helium Nucleus
41. Isotones — number of neutrons are same(A-Z) @=2ne
42. Inoption (1) charge is not conserved 2 protons and 2 neutrons
i.e.(5+2#7+1)= notpossible 5. GUton—g Kr+iBa+3n+Q
In (2) this reaction is possible only at very | ¢  E=mc2
high temperature (or #Na is a very stable =05x103x9 x 1016
isotope and given nuclear reaction is very =4.5x1013]
difficult) 7. XA —pmdeey 74
In(3) & (4) v is emitted with - s0 option (4) Due to gamma emission, there is no change in
is also wrong so correct answer is (3) .
mass number and atomic number.
www.allen.in [1]



ALLEN

NEET : Physics

8.

12.

13.

X240 —>Y120 +ZlZO

given binding energy per nucleon of X, Y & Z
are 7.6 MeV, 8.5 MeV & 8.5 MeV respectively.
Gain in binding energy is :-

Q = Binding Energy of products - Binding
energy of reactants

= (120 x 8.5 x 2) - (240 x 7.6) MeV

=216 MeV

X—Ls, B—%5, CL— D

7-3 7-2

7Z-1
*decreases atomic number by 1
o decreases atomic number by 2

B-increases atomic number by 1

290.
82

o e’ B e 286

Slow neutron can cause fission in ,,U***than

fast neutrons.
o-rays are Helium nuclei
B-rays are fast moving electron or positrons.

Exercise-1II (Analytical Questions)
Assertion is true but reason is false.
Informative facts. At distance less than 0.7 fm,

the nuclear force becomes repulsive.

(i) R=R A"?

R_(2)"_1
R, (16 2

(ii) p = constant —=%

larger is the binding energy per nucleon more

is the stability of nucleus.

[2]
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Modern Physics-3 [Atomic Structure]

SOLUTIONS

Exercise-1I (Conceptual Questions)
1. For a Lyman series

1 1 1 )
rRL—z‘ﬂ -0

wheren=2,3,4..
By putting n = 2, is equation (i), we obtain the
longest wavelength of a Lyman series
1 1 1
—=R[—2——2} or A = 121.5 nm. This is the
A 1° 2
longest wavelength of the Lyman series.
h 1
Energy of photon E = TC orE o x

For the longest wavelength, energy of the

photon is the least.
2.  For a Balmer series

1 1 1

—=R|=-— (1

Ag [22 n’ } ®
wheren = 3, 4, .........
By putting n = « in equation (i), we obtain the
series limit of the Balmer series. This is the
shortest wavelength of the Balmer series. or

4
A= —
TR
For a Lyman series
1 1 1
—=R| =-— (1
A [12 nz} )

wheren =2, 3, 4........

By putting n = o in equation (i), we obtain the
series limit of the Lyman series. This is the
shortest wavelength of the Lyman series.

...(if)

oriL= —
R

From (i) and (ii), we get Ay 4
A1

3. KE=-TE=-(-13.6eV)=13.6eV
8.  According to the Bohr's theory of hydrogen
atom
(i)  The speed of the electron in the nth orbit
V=22 x 106 x E:> Vnocl
n n

(i)

(iii)

=

The energy of the electron in the nth orbit is
-13.6Z° 1
En = 326 = Ena—z
n n
The radius of the electron in the nth orbit is
2
r = 0-53n" 4 _, r.on’
Z
13.6 13.6
En=-——eV=- - eV=-151eV
n 3)

Exercise-II (Previous Year Questions)

1 1 1
I_Rl2_2
A (12 nzj

912 1 1

—=———=n=4

975 1 n

Number of spectral lines = @ =6

For H-like atoms

Z
v=—x2.188x106m/s
n
hereZ=2, n=3
v=1.46 x 106 m/s
For Lyman series

1 2| 1 1
— | =R(1 _
(Xmax l M {(1)2 (2)2}

4
A ) =—
( max )L 3R

For Balmer series

1 2| 1 1
— | =R | — ——
(Xmax l @ {(2)2 (3)2}

36
A )=
( max)B SR
M_iXS_R_i

(A,..)s 3R 36 27

At closest distance of approach, the kinetic
energy of the particle will convert completely
into electrostatic potential energy.

1, KzZe?
= EmV =

1
= dmin o —
m

min

www.allen.in
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1
5. Wave number, — = RZ2 iz—iz
A n, n;
=107 x 12 (Ziz—izj =0.25 x 107 m-!
0.0)

6.  Transition: 3 - 2 = Wavelength A.
Transition : 4 - 3 = Wavelength A" =?
—
2 3 A 20 . 20A
=—=A'=—

A
1 1 1)
7\"

3 4
8. Etwta =-KE = KE = 1
Total -1
9. TE=-3.4¢eV
KE =-T.E PE = 2T.E
= KE =+3.4¢V = PE=-6.8¢eV

10. IrlH = 207me, (]}‘l :qe_ ) Mnuc]eus = 1836 me

Reduced mass
mM  207m, x1836m,

w= = =186m,
M+m 207m,+1836m,
21,2
rh= % =0.51 A
4n°mkze
(Given in Question)
Radius of first orbit of new atom
¢ om.r o
n=—el-_"¢ ,051A=256x10"m
1) 186m,
' 186
E=LE =" (136ev)
m m

e

=-2.5keV~-2.8keV

(according to given options)

11. Bohr model is applicable for only single

electron species.
12. For hydrogen atom
136

rl2

E= eV

15. Radius of nth orbit in Hydrogen Atom
2

=053 x A
Z
So, radius of third orbit

2
r, =0.53x ) A—4774
(1)

16.

17.

18.

19.

20.

21.

2
E,=-13.6 Z—Z
n
for ground state n = 1 and for second excited

staten=3

(M), =§ x912A =4 %304 A=1216A

). e
(

A :%=912A

Range of A is 9124 to 12164 which lies in U.V.
region.

Statement I is correct.

Statement Il is incorrect because atom of
radioactive elements are not stable.

AE=Re
A

AE — less
A — large
EA < EB < Ec < ED

= 656.3>486.1>434.1>410.2

I11 v 11 I
= A-Ill B-IV C-lI D-I
Transition fromn; =5, 6....ton; = 4
is Brackett series.

Energy = %

hc 1
a) E=—= A, c—
() B=m =, oo

2

(b) 15E=DCon oo L
A 1.5E

(0 ZE=2op o L
A 2F

A2 > A1, A2 = 2R3

[2]
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