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. EXERCISES |

ELEMENTRY
Q1 (4
_hv V—E _ 3.3x10%x3x10°
P e VT h T e6x10”
=15x 10® Hz
Q.2 1)
Q3 (2
hv pc
P=e™c ™V
Q4 (4
E L
* x ! alSO A‘infrared > }\’visible SO Einfrared > Evisible

Q.5

Q.6

Q.7

Q.8

Q.9

©)

According to Einstein’s photoelectric equation

©)

K = E—W _6.4><1O’34><3><108 1.6x 101
max 0 6400x 10 '
=14x10%]J

(3)
I . 12375
Energy of incident light E(eV) = 3320 =372¢eV
(332 nm = 3320 A)
According to therelation E=W_ +eV
v = (E-W,) _ 3.72¢eV -1.07eV
° e e

= 2.65 Volt.

(4)
Intensity o« (No.
photoelectrons)

of photons) o« (No. of

(2
hc|1 1

Stopping potential Vo = e | % 0 |-Ash decreases
0

S0V, increases.

Physics

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

(1)

Intensity increases means more photons of same
energy will emit more electrons of same energy,
hence only photoelectric current increases

(2
K, = (V)eV = V]=4V

(3)
According to de-Broglie hypothesis.

(2)

h

h
= = Ax— =
A m , \/E (hand m = constant)

oz

(1)
EmVZ—E — .. L_L
2 " TESMVEN2ME Sy T omE

(1)

h
By using A = ﬁ E =102 J = Constant for both

particles.
kocL q
Hence \/ﬁ Since m,>m,so xp<xe.

1)

Oci h— T2
ﬁ = 7‘2 T1

n_ (@S [ s
=%, \(@3+27) “\300 277

)

Balmer series lies in the visible region.

neutron

(4)

E_E=C _ ="

= = _7\‘
E_ —E E_E._'_g 7\"—37\‘
3 - a3 na TTMT
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Q.19 (3
I it
mvr = o orn=litis o
Q.20 (4
By using
n(n-1) 4(4-1)
Ne="5— =Ne= =5~ =6
Q.21 (4
r o n? For ground state n =1 and for first excited
staten = 2.
Q.22 (3
The voltage applied across the X-ray tube is of the
range of 10 kV — 80 kV.
Q.23 (4
The production of X-rays is an atomic property
whereasthe production of y-raysisanuclear property
Q.24 (3
Q.25 (3
Q.26 (3
Vo (Z-b)> = v=a(Z-b)?
Z = atomic number of element (a, b are constant).
Q.27 (1
Mosley’'s law isf =a(Z —h)?
Q.28 (3
2
oL 2 :&:(21—1\
z- =, \z,-1
g_(&—ﬂz _(4_2]2 N
=1 \29-1) \28) @27}
JEE-MAIN
OBJECTIVE QUESTIONS
Q1 (¥
E=1240Q eV)
& inA)
_IAtA
No. of Photon—T
No.ofPhoton:m:E—A
hc hc

if E is constant no. of photon is o |

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

(1)
hf=1.7+10.4=12.1eV=energy

inH-atom
x x=3
12.09 ev
¥ n=1
(4) , . .
Frequency of light does not change with medium.
(3)

Einstein'sformula k ., =eV, +f
if frequency isdoubled, k _ ,=ev,+f>2K__

(1)
The number of photo electron depends on the number
of photons

1

I al
Number of photon = ho/n W“I

A
Ratio of no. of photo electrons = ﬁ

(1)

A Photon can interact with only a single electron.

(2)

E
" h

@]

1

S

1
T |
o |m

(1)
hc

h
Applyingp = > andE = N

If | decreases E and p increases.

(1)

26=g+K, = K1=¢=;mv12

Sp=piK, = Ky=dg=rmy?
2

Vp:Vp=1:2

(2)

no. of Photons « |
| -, no. of photon e gection -

(4

h_ 10%h
A

(B)

Theelectronswill get accelerated in the electric field.
Hence, kinetic energy will increase.



Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

(2)

Since frequency of light solurceis double, the energy
carried by each photon will be doubled.

Hence intensity will be doubled even if number of
photons remains constant. Hence saturation current
isconstant. Sincefrequency isdoubled, maximum KE
increases but it is not doubled.

(D)

As the distance of the source doubles, the photons

falling on the photon cell becomes %th. Hence,

number of photoelectrons will also become %th.

(2
The threshold frequency for Al must be greater as it
has higher work function.

(D)

Radiation force

Lo L1 o IRH
(B)

The radiation pressure
b Eo (BN,
"AT\r) AT C

if reflected completely. It is independent of
wavelength. It will depend on the nature of the surface
and the intensity of light.

©)

hf=¢+evg

(2)
1073

12400 R
x1.6x10 13
5000

=0.25x101

No.of Photons=

6

_ . o0aex10°
No.ofe reaching=———5=

= 1O+12
1.6x10

12

10
%:716 x100=0.04%
0.25x10

(B

Emission of photo electron isindependent of external
factor. It depends only on the nature of the material
and wavelength of incident light

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Modern Physics

(1)
Experimental obervation.

(B)

hC .
N =dp+eV (i)

hC
o= % .. (i)

3-1-1

3 hc hc
= (E—j 7=2¢ =>6¢= -

Ay, = 4N

©

Depends on ¢ not on Intensity
(4)
Asdistance T ses.
I | ses.
id
I P
4rmr?

(2
Stopping potential = maximum kinetic energy of
e=4V.

(©

Ifv, v, v,areinA.P. then

hc

fl_¢+evl (1)

hc_¢+ev
» 2 (2

hc_¢+ev
A3 3 ..(3)

After solving (1), (2) and (3) we get

2h, A
7\‘ — 173 . .
2 hoy +2y which areinH.P.

(B)
KE,_ =2ev

photon = 59\/
f,=5ev - 2ev = 3ev

Now no current when
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Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

E = 6ev

. photon
i.e. KE__ <3ev
max

ev . <3ev
V, o < 3evie=3V
o=3eV

K.E.ma =3€V in Second case
(1)

Greater work function means greater cut off
frequency.

Slope Remains same

f>f,

Intercept of y > Intercept of x

and must be parallel to each

(2
Diameter is same so light falling will be same so
photoelectric current will be same.

(1)

Theenergy of x—ray ismorethat of U.V. light. Hence,
the K.E. of emitted photoelectron is more and hence
stopping potential required is also more.

(4)

d  mv
hc p2
E, = energy of photon = — and energy of e = —
| gyorp x ay om
_hv
2\
hv
; -2 _ 1
The required ratio = hﬁ_""
A

3

K.E. of neutron E = % kT

h
h h T [(927 + 273)
== = 7= = 3 . = hyf—
kg p ~ J2mE \/meng P Ay 27+ 273

h h
~ J2meV

Q.34

Q.35

Q.36

Q.37

Q.38

(3)
They have sameK.E.

h

JV2mK.E.

m,>m_ and q=q,

A=

1
A<A @S hoc——
p e /m

(1)
KE =100+50 =150eV

v =150volt

150
\%

(2)
n? 22
=87 =% 4 =%

(3)
E, (Li*) =E, (H)

2
= —13.6—2 =
n

= n=3

(B)
AE = ionization energy
=136 x 22 eV
AEA>AEB :ZA >ZB
__mh
T 2n
Ly,=Lg

) z
E = energy of the orbit E o« — -

E\< Eg

1
-13.6 x ~



Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

(2)
nh
L=mvr=—
27
= n=3

1
K.E.=-T.E. =13.6 x —
9
=1.51ev
4

roc n?
ST =102x1.06 A =106 A.

(3)
AEchzz(iz—izj:E
n m) 4

C—— Shortest

D——longest
©)
mv2_ 1 e_2 B e
a, Amg, & — VT Jane,am
(2)

Since speed reduces to half, KE reduced to

1
Zth:> n=2

froml and 1l
I =4r

(1)

According to the Bohr model
PE.=—-2K.E.=2T.E.

= KE=-TE

—me*

Where TE. = ———
8 &2 nn?

Q.45

Q.46

Q.47

Q.48

Q.49

Q.50

Q.51

Modern Physics

-me* KE.

22 = Tg -1

K.E=- m

(4)

121=E(n=3)-E(n=1)
102=E(n=2)-E(n=1)

19 =E(n=3)-E(n=2)

At least two atoms must be envel oped as there connot
be two transition from same level from same atom.

(4)

All the transition energies in option(A),(B) and (C)
are greater than corresponding ton =4ton = 3.
Hence, option (D).

(3)

12.1 eV radiation will excite a hydrogen atom in
ground stateton =3

state number of possible transition = "C, = °C, = 3.

(B)
Ec-Er=(Ec—E)) + (Eg—Ep)
hc hc hc

- —+
= kT A A

E.
“A
E
B) A
E.
Mro
= 7\'3 }\.1 + }\.2

(3)

2.18x10"® 2.18x107'®
n? 9

=242 x 1010

LE.

(A)

((n+1)—3)((n+1)—3+1)_
5 =

(n-2) (n+1) = 20

n?-3n-18=0

n==6

10

4)
0529| (n-1)’ -n” |-0.529(n-1y’

= 2n+1=n?+1-2n
= n=0,4
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Q.52

Q.53

Q.54

Q.55

Q.56

Q.57

Q.58

(D)

a_v_zocz"’/nz.zocz:Oci
R n? n* n*
16:81

(B)
® v zZin 722 1

1

fl:Efz
1.1
n> 27 nd
n=3n,
(1)
1 _ [1_1] _ 4x9
M N la 9) T TER
- S O _ 16 _ 16
similarly Ao =R|7Z 2 =1L = 35 3
5. _ 20
4x9 ~ 27
(3)

ZZ
E=136 (—zj

n
. 13.6(1)> 13.6(1)° 1026V <h

= =10.2€eV =hn
H 0? (2)?
13.6(3)>° 13.6(3)?
DE = 1) 2) =91.80eV =h(9n)
©
r,=a,=0.529A°
r,=a,n’
(3)
n-1=5
n==6
nn-1 6x5

No. of briught lines = (2 ): ; =15

3

Q.59

Q.60

Q.61

Q.62

E
P=En1=1,n=5

2

(13.6 136

2 2 j
Z%X 1.6 X 10_19
X

_13.056 «1.6x107

mv = 6.96 x 10%
v=4.2m/s

(4)

Forz=3 Li*2
Awill be minimum

(©

Total no. of oribits are (n+1)

No. of spectra lines = M

It is the sum of n natural nos.

So no of different spectrum lines = 1+2+3+....

n® Emitted state means (n+1)

(1)
 TE=PE+KE

Existed

Ground

AE T

+n



Q.63

Q.64

Q.65

Q.66

Q.67

Q.68

Q.69

Q.70

Q.71

SobothP.E.&K.E. {

SobothP.E.&K.E. {

(2
2
r=0529 x L
4
2
O.529><2—
2
r=1.06A°
(1)
E=-34ev (forn=2)
n=2
2h h
angular momentum = Py

(1)

In ultraviolet region lyman series is present

(A)
10 eV electron cannot excite a hydrogen atom Hence
collision is elastic.

(A)

~If K.E.<13.6ev

AE ={0,10.2,12.09......13.6ev}
Collision must be elastic

(A)
The contineous x-ray comes out because the striking
electron lose its kinetic energy

©

The cut off wavelength depends on the accelerating
potential difference which is unchanged. Hence, the
wavelength will remain unchanged.

©

0
0.1 to 10A (x-ray range)
(D)

When fregency is increased energy increases
i.e. penetrating power increases

Q.72

Q.73

Q.74

Q.75

Q.76

Q.77

Modern Physics

(©
h

p

Since the momenta of the two particles are equal, A
are same.

©

K, :transition from 2 — 1
SimilarlyforKB:3—>1,Ky:4—>1;La0:3—>2:
M 43

Now we can compare energy and A .

(B)
The characteristic x-rays are obtained due to the
transition of electron from inner orbits.

©

AE
A, <A,
AE, <AE,
© AE, < AE,
So Q——K,

P——K,

©

E,+E,=E,
hv +hv =hv

Vig = Vi TV

kp
Lo

(B)
When ever the energy of photon isdoubled then work
function increases must more than by 2 times.
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JEE-ADVANCED
OBJECTIVE QUESTIONS

Q1 (D)

he =¢p+K
A

4hc 44 4K
70:7(25+7 .............. (l)
3V 3 3

equation (2)-equation (1)

C 4 4
K - Ko +¢=0

hc 2hc
x—=(|)+K1 3T=2¢+2K1

1 1

%z ¢ +K, 3%=¢+K2
Now eq.(1)-eq.(2)
¢+2K, -K, =0
K, =¢0+2K,

ﬁ:$+K1 :>.'.K1<&
2 2 2

Q3 (O

Total Ener
no. of Photons= 9y

Energyof onePhoton

so no effect on current
KE, . =hv—¢
2(KE)max =2hv-2¢
(KE), o =2hv—¢
(i) - (@)

(K.E.)m =9>0

Q4 (D)

f=4ev

Q.5

Q.6

Q.8

Q.9

Q.10

KE. , =E-f

eV, = (13.6-4) ev
V,=9.6V

for zero photo current
V 00 Must be >V

anode
= V__ =10V

anode
(©
P=P +P,
=200 x (6.25 x 108 + 3.125 x 10%) x 1.6 x10° W
=300 W.

(©)

(B)

1240
Energy of a Photon= = 6.2ev
200

KE,, 62-45=17eV

Collector plate will attract it & the potential
2V increase KE by 2eV

Somax KE=3.7eV

(D)

When the sourceis 3 timesfarther, number of photons

falling on the surface becomes % th but the frequency

remains same. Hence stopping potential will be same

i.e. 0.6V and saturation current become %x 18 mA =

2mA.,
(B)
nhc nhv
TMAt At

| reamains same but n changes and increases n
decreases
= Photo current decreases

(D)

Some of the energy of photon will be absorbed by the
electron. Hence, energy of the photon will reduce
correspendingly wavelength will increase and
frequency decreases.



Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Hence, higher the momentum, smaller thewavel ength.

(B)

z? 1
TE.=-13.6— -3.4=-13.6—
n n Q.19
13.6
"G4 tn=2
P?=2mx3.4(ev)=2x9.1x10"*x3.4x1.6x10*
P=10*
_h_ 6.67x107* "
0 107 A=6.6x10""m 0.20

(D)

The atom will absorb photon whose energy isequal to
the energy gap between two energy levels of the atom. Q.21

(A)

AE(1 to ) = AE(1 to 2) + AE(2 to )

= u=u+u,.
(A)

K3q® mv?

r? r

nh
mvr=—
T

and
3q°

forn=1 Foin =
min 280h

Ze

" 2E,nh

Q.22

Q.23

Modern Physics

(©

2

_ z
E,=136 Yl
13.6(1)>  13.6(1)?
E,= 2 27 =10.2eV
_13.6(2° 13.6(2)° _
R T 40.8 eV

©)
Sxdifference—>n=4

€—
>3 3 3 3

(|
= N W A

(D)
Energy required to remove the second e~
o TE=(54.4 + 24.6) = 79.0 €V.

(A)
10 — different wavelength

Means n=5
0.544

-13.6

kzéx 932A°=95nm
24

(©
©
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Q.24

Q.25

Q.26

Q.27

Q.28

10

op_TE
2
L pE=136_ ¢ gey
2
®)
1
focn—3
rocn2
Lxn

1
frl=—=-xn’xn
n

=1 Constant

(A)

roc—
m

— n2 1 — -3 A0
r=0.529x—x——=2.56x10" A
2 207

©
The maximum kinetic energy avaiable for transition
to potential energy/excitation energy is:

1 mgymy

2'mg +my (Via)?

_ 4mmy 2 _2Z2m 5 2

= gm (VatVh)® = o (VIS 2vwy)

_ 228, 2By, |2Ea 2By -
5| 4m m 4am m

%[%+2><8.4+2><\/2.1><8.4}

= 105eV >102¢eV
Hence, inelastic collision is possible.

©

for largest warelength of Balmer series
n=3 to n=2

So Electron will jump from ground state
to n=3

Energy Required = 13.6 - 1.51 = 12.1ev

(D)

, = hc _ 124x10°
mTE T 66x10°

Since 0.01 nmislessthan A __, it will be absent but
0.02 nm and longer wavelength will be present

Q.31

Q.32

Q.33

Q.34

Q.35

K 111
}\,3 _E2_E3j Ao 2 - 7\,3
(A)

Ratio for
(D)
hf = 13.6(Z — 1)? . [1-=
e ( - ) : 4
3
=13.6 x 2 (31-1)

= =136% (51— 1)

LA
= f_302 =1 = 9 -
(D)

1 1

= = _ 1-=

—
1875R

- 2 3 -
=R (-1 7 =2,=26

4
ad 675R=R (2,-2f. 2 = 7,=31
4
Hence number of elements = 4
©

_ 12420
~0.021x10

(©)

1 2 1
X:R(57) [1_Zj (1)

=59142 eV = 0.059 MeV =59 kV

1 2 1
TZR(29) (1 —Zj ...(2)

2
From (1) and (2)
L, = 4L



JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING
Q1 (AC)

hv —¢

p+evy=hv v, =

i.e. v, depends on frequency of incident light and work
function (emitter property)

Q.2 B, 0
Photocurrent depends no. of photons following on
collector-plate only.

Q3 (ABQC)

Krex =E-W
Therefore,
T,=425-W, ... 0)
Tg=(T,—150) =4.70 - Wj ......(ii)
Equation (i) and (ii) gives,
W, -W, =195eV ... (iii)
de-Broglie wavelength is given by

h 1
A= m or Ao \/R K = KE of elecron

A [Ka
TA
or 2=, g or T,=2eV
\}TA—1.5 A

From eguation (i)
W,=425-T,=225¢eV
From equations (iii),
Wy +1.95eV = (2.25 + 1.95) eV
or Wg=420¢eV.
Tg=470-Wg =4.70-4.20=050eV.

Q4 (B)
1] i
Jf" hv = 1.89 nd ex'C|ted state
\|/ Ist excited state
Ground state
_189 g 5
10.2 27
h—C:l 89 h_C:]_O 2
/12
Now ﬁzgzs 39
A, 1.8
A:H P :D jizﬁ ﬂ=1-89:i
p A A4, P, 102 27

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

Modern Physics
(A,CD)

2
122.4:% 22-9 7-3

Its energy level are
-30.6 ev—

91.8 ev

If € have K.E. energy
=125ev
then energy of average electron = 125 - 122.4 = 2.6ev

-122.4 ev

(A,CD)

If same energy released in y-direction then same of
the incident wavelength ismissing in A.

Ratio M.W. Infrared Visible Regions.

— %
UV.X-Ray 47
B will contain same visible and infrared light.

(C.D)

1
voczand roc ;

(A,B)
A =prr=p(r,m)?=pr2n*

An
n A
nn

A, .
InA—1 =In(nY)=4Inn.

(A,B)

A =nr?=0529xn* A =7xr?=0.529x1
i=n“ Ini=4lnn

A

Straight line passing though origin with slope 4.
(A,CD)

K=2.55n=4(0.85) 10 n=2(3.4) so min
K
5 =136-0.85 =12.75 |K=25.5ev

(A,C)

If K<20.4ev

AE ={0,10.2ev,12.09ev}
AE ={0, 7ev,}

loss =0

so elastic collision

if (K.E.) > 20.4ev

then if loss = 0 then elastic & otherwise inelastic
collision

11
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Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

12

(AD)

Minimum wavelength detreases.
. Intensity Increases.

(AB)

_ 12400 °  _ s20m
min 20000 Amin: 0.62A min p

12 & 45 pm will be absent

(AD)

As the potential difference is increased, the kinetic
energy is increased. The total energy of x-rays
emitted

will also increase hence intensity will increase. Also
the shorter wavelengths will also decrease.

(A,B,C,D)

Photon exerts force due to change in momentum
photon transfers its energy to the material. Photon
transfers its energy to the material.

Since, it exerts force, hence imparts impulse also.

(A,B,CD)
(A) Minimum wavelength will correspond to
maximum energy i.e.,from oo to k.

AE =19.9 KeV

_ 1.24x10*

min "~ 19.9x103

(B) Energy of the characteristic x—rays will be less

than corresponding to o« to k—shell, hence than 19.9
KeV.

A =0.62A =62 pm.

(B)
£ _12400
0.663

1227

~

(AB,C)

=18700eV Potential =18.7KV

0
Kv =0.01A

(D)
Electric field may increase or decrease the speed of
electron

A P—D = mv—D
) 2

magnetic field will on change the speed of the particle.
S0 A, >A,0r 4 <4,

(B)

12400
4500A
AE=2756eV

AE =

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

for photoelectric effect
AE > W, (work function).

(A)

AE=W_ +E,

(E) =AE-W,

for maximum vaue of (E,), W, should be minimum.
W, for lithium = 2.3 eV
(E)=275-23=045¢V.

(©)
The maximum magnitude of stopping potential will
be for metal of least work function.
", required stopping potentia is
L )

S

= 0.45 volt.

(D)
For Balmer series, n=2 n,=
(lower) (higher)
In transition (VI), Photon of Balmer series is
absorbed.

©
In transition II
E,=-34eV,E,=-085¢eV
AE =255¢eV

_ hc _ hc
AE = 7 = A = E
A =487 nm.

(D)
Wavelength of radiation = 103 nm = 1030 A

12400

AE = 1030A = 12.0eV

So difference of energy should be 12.0 eV (approx)
Hencen =1and n,=3

(-13.6)eV (-1.51)eV

TrangitionisV.

(A) r,(B)s (O p(D)q

Saturation photo current is directly proportiona to
intensity.

Ko =ho—0

Stopping voltage is independent of intensity.
(A)r B)as () p (D) as

1 1
Ex — Vo —andro«n?
n n

A) E —1X1 2 E 1
=5 =
(A) procnz N n> or procn



Q.28

p 1 2> p
— o —XN —
(B)E . orEocn

1

(C) Er n_z x n? or Er isindependent of n
1

(D) Pr o o X n? orpron

(A)pr (as (C)as (D) pr
2

(A) Frequency of orbiting electronv_ o 2—3
n

nh
(B) angular momentum of orbiting electron L = o

(C) Magnetic moment of orbiting electron « n.

e
M=ixnR?= ?nRz

(D) Average current due to orbiting of electron i o«

NUMERICAL VALUE BASED

Q.1

Q.2

[n=5]
Total energy of radiation
he , he
E= }"l 7\'2
[PLJ 1240 N 1240
13.6x4x *7) = |1085 304, &V
- 2.22
1=72 = 136xa 2
n=>5.
[4]
1 ] (1 1 ] ]
Paschen series — =1.097x10"| -~ 5 | <10
A 9 n?
1 1 1
<
9 n 10.97
1 1.97
R
n 9x10.97

Q.3

Q.4

Q5

Modern Physics

9x1097

2
197 "
3 1097 .
V197 *
= n=3—-54,3-53-563->7 =
4 lines
[n=3,3:1]
(B, = (B,
(3)° 1
= 13.6x o :13.6><1—2
=n=3
n2
= | 00529x— |5

(8] 22
= X = - - = — =
o \ng) Tz T\1) 371

[87 pm, 217 pm]

E=E,+E,
. 20000 = 12400 . 12400
’ A+1.3 A
= 161= 1 + l
A+13 A
= 161= M
M +1.3)

= 16122 +0.0931-13 =0
—>A=087A =1, =87pm
A, =217 pm

1 1 1 11 1
T kg A, 12 27 7h
hc 12420
AE=; "= =6210eV

13



Modern Physics

Q6 [n=6, Z=3]

1 1
102+ 17=13.6 22 y_F

o |1_1 |1_1
= 272213627 | ;=3 | 22=22| ;72

(i)
1 1
425+ 5.95 = 13.6 72 ? _F

1 1

10.2=13.6 22 [5 _F} =

§ = Zz[l—iz}
4 9 n

0 8 n*—4|| 9n? n—4
(i)~ 3 | 4n* || n*-9| = W2 g ~
32 Q.1

27

_ e _,
=>Nn= 5 =

Q.7 [(82000A, 1500 A, ]
[(b) Assume energy of level 1 to be zero]

------------------ E, =775eV
------------------ E,=735¢eV
.................. E,=62eV
------------------ E =0eV
Q.2
[(c) 8.27 volt]
1500p> 1500
T op?-1  1-1p?
1500 4
A= = — x 1500 A = 2000 A
@ m T 1122 3
1500
hy = —1 - 1500 A. Q3
002
4
1500 Q
®) A= "7 =2000A
4
AE, =D _ 12400 V =6.2eV
251~ ) T 2000 &V 7€ Q5
N 1500 9 1500 A
= L = — X
351 1_% 8

14

KVPY
PREVIOUS YEAR’'S

12400
AE, =9 _ _eV=735eV
=x1500
8
12400
AE, =7 ___ eV=T775¢eV.
~~x1500
15
Assume energy of level 1 to be zero
------------------ E,=775¢eV
------------------ E,=735eV
------------------ E,=62¢eV
------------------ E =0eV
(c) lonization energy
12400
E=(0-1)= 1500 eV =8.27 eV

The ionization potential = 8.27 eV.

(D)
n=3
)\I3k\,
Y n=2
}\’lk'\- ‘/*7&2
Y ¥ n=1
hc hc hc
_—=—
7\‘1 7\’2 }\’3
1 1 1
_—=—
Ao Ry Ay

(B)

Coallison of e lead to excitation of molecules

so Callision is inelastic

. K’ <K and loss of kinetic energy go for excitation
of molecules. Momentum remain conserved during
collision.

P=P
(©)
Size of the nucleus is completely to the atom
(A)
K
K=3-23=0.7¢eV, S=EandE=V/d

(B)

1 1
26=1367 =~
[nz 42}



Q.6

Q.7
Q.8

Q.9

26 2[ 1 1}

=22 - _ -

13.6x 4 n? 42
26 1 1
13.6x4 n? 16

n =3 now Energy

13.622
E=—5—eV Q.10
n
_13.6>< 4 ey
9
(B)
V= hv_ )
e
Hence from graph ¢ = 2eV
h
—=dope=——
e P 1.6x10°
6x1.6x10™
h=—"" =6.0x10*
16x10° *
(D)
(©)
. __ P
Intensity of light at 1.8 m — 47:(1.8)2 Q.11
160
=7
4x7x(1.8)
Photon flux = Number of photon per unit area.
I
“he - 1A
n hc
160x 6200x107"°
4xmx(1.8)° x6.63x10™* x 3x10°
= 1.22x10"
(B)
KEmax =ex Vretading
=ex0.6
=06eVv
Photon energy =hv =E
When frequency increase by 10% energy of photon
aso increases by 10%
New energy =E = 1.1E
New KE  =ex Vreta‘ding =ex09=09eVv Q.12

Einstein photoelectric equation

hf =KE_ +¢
E=0.6+¢ (D)
11E=09+¢ l2)

Modern Physics
11-99+¢
0.6+¢
1.16+0.66=0.9+¢

0.1¢=0.24
0=24¢eV

(D)
Power of light = P

A | aser beam

&

g

) i 2P
Force acting on Al disc = <

_ 2x1.5x 10°
3.0x10°
=10°
Force acting on Al disc = mg
10°m x 10
m=10°kg

_R l_l}

=Rl 2
_36}

_rli_1L
9 25

e
A, | 9x25

From (1) & (2)

}_5. 16
A, 36 9x25
h, =2 X2 _125

2 3 16 64 °

(D)
From Bohr postulates
kze®  mv?

7= ()

r

15



Modern Physics

n -
mvr=—_— (i)

nh
an[ 2§0h] [%)

r_(go h?\( n?)
“ame ) Z)

2

L
° 7

Because the medium of permittivity ¢ = 13 ¢,

effective mass m=0.07 m,

. 13, n*
007 z
At ground state (n = 1, assuming like H atom, z= 1)
13
r=——(0.53)A = r~100A
007 0SIA=
Q.13 (B)
Debroglie wavelength of electron
__h_ o
>mK Kinetic energy K= qV
1
A oc——
N
Potential becomes four time so wavelength becomes
half.
. ) AD
Fringe width (B) = a
Boch
Fringe width becomes half.
Q.14 (D)
P = 160 watt, A = 50000A
& r 8
P |
| P
- 4nr?
nhy = P 5
4rr
”‘L = f phot 2
= n= 4nr2(hv) (n=no. of photons per sec per m?)

16

Q.15

Q.16

Q.17

Q.18

Q.19

P
n=-—"—-
4nrehe
n=10°m?s*

(©)

hc
Energy of photon =E= -

h
Momentum of photon = PX

E=PC .'.E:C:3x108m/s
(D)
R-TV
B
v _GBR _eBR
m m,
hc N . .
7—4) = KE, . Einstein photo electric equation)
hc
= —_KE
d) 7\‘ max

(D)
Continuous X Ray is inverse of photoelectric effect

(B)

When e collide with atom which is massive in
comparison to €. Max possible loss of KE = KE of
e (initial KE) = E if this E isless than min excitation
energy then collision is elastic

- E<10.2 eV (Minimum excitation energy)

(A)

_h
mvr=n -
V=ro
mre = n1

2n

(= | nh?
~\2mmo



Q.20

Q.21

Q.22

Q.23

Q.24

h2
2TMo

r=Jna

r=Vn

(A)

1
roczandrocz

3

v2 , 1
- According | oz X(1/Z)=Z

3 3
B _[(Za) (1) .2
aHE [ZHQJ (Zj 8

(B)

Q.25

L
mvr = o

mv’ ke’ mv?
and = (2)?

Q.26

2 ke? 3
m:/ =gr—ez = mvr = Zke2 (2)

Solving (1) + (2)
4ng,h® 4

7 X5

me 3

(B
1/ mdm) , 1 2¢€
— V- = p—
2\m+4m dre, 1
562
[=——m——
Ang,mv?

(A)

1 g2
A

(D)

Q.27

Q.28

1 1
m?> n?

n=2m=1

A
For standing waven 5= L

Modern Physics

oo h_ph
YT
P2 n2hZ )
= = =N
So Energy F 2m, 8meL2 o

For ground state E = o = u,

For first excited state E = 22 a. = 4u,
=U, + 30

For second excited sate E = 32 o = 9a.
=U,+ 8a

©
hv'=hv + mgh
hv

m=—
c

V-V h
= =i—2 =112 % 1013

(A)

_ -me*  -Rhc
82n°h®  n?

n

me*

For munoic atom R = m

1 1 1
—=200R| = ——
A (22 nzj

Wavelength A for corresponding balmer series will

b times that of hydrogen atom will bein range

© 200
of x-rays

(B)

If electron orbits positive sphere in place of point
particle the ground energy remains the same. Hence

ground state energy is— 13.6 eV.

(©)

_
0= 330 ~374€

(KE),,, =428-374=054eV

17



Modern Physics

Initially sphereisnegatively charged so e will go easily
then potential becomes O. After that as e will leave the
potential will increase till it reaches the stopping

h

h

M= = 2(3x10°)(10 x 10 )

potential value, V

5h
evV,=054ev m= ?
V,=0.54V
Q.29 (D) 03
2 2
F, =M, M7 _kZ9e P
oy o R @2 | Lyman,
1, Kzé ...
—mv i =——..... 1) (Kinetic ener
2 or (0 %) 1 {1 1
7 =R| 5~ 72z |, Paschen
A 9 (47
K K(Ze)(—e !
Potential energy = qu% _K( r)( ) i)
(1 1) 7
Kze? E A 9 16
Totalenergy:KE+pE:_ € =-— _1: 9 16 :9><16
2r n >\‘2 1-— i E
recn 16 16
KZe? 1
AsKkinetic energy = © :KEocH Mo T 7
A, T 9x15 7 135
, 1,1
or Vi = = Ve —
n N Q4 (1)
L =mvr 13.6 eV
1= 12 =-136¢eV
Lo —=(moc/n
o ——
Jn oo Bsev o
5 -_—— - — VU.
L oc \/ﬁ 25
E,—E, =136-054=13.06 eV
JEE-JEE Main Powon  (Epron /C)  (AE/C)  AE
PREVIOUS YEAR'S recoil speed = = = =
my, m,, m,, cm,
Q1 (1)
13.06 eV
1 1240 .
1--| = recoil speed = 3 7
13.6 x ( ‘J = () $ 3x10® x 1.6 x 10
4 x 1240 13.06 x 1.6 x 107%°
A =136 x 3 M=121.5nm 3x16x109 - 435 misc
Q.2 [9] 05 (@
he 1 '
— =—mv 7
A 2 Speed o« F
he  miv?
_= Z3
A 2m frequency of oscillation o pl
hc _ Il)2 3
by 2m coulombic force of attraction oc F
hc h2 2
T A3(2m) Kinetic Energy o =z

18



Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

1)

N w ~Ol
e
<

AE = hf

1 4

f ismore for transitionsfromn=2ton=1

(1)

A — Series limit of laymen
B — 3 line of Balmer

C — 2ine of paschan

1)
rc  1240nm — ev

A 1.24 x 10°

min = g -
Apin = 107 nm

(2

h
A= mv)

Ay M, d,
}La = Mqu :2\/5

o= — =183

A =382 nm

Q.12

Q.13

Q.14

Q.15

Q.16

Modern Physics

(4

Case-1.

1 .
20— = Emvzl ..... 0}
Case-2
1 .
10 — ¢ = Emvz2 ..... (i)
Dividing (i) and (ii)

b _vi
9% ~ vj

wlk

h
Satement-l A =—
p
h hc
- =—andE=—
Satement-Il p N N

h h
m(xvtx - mpr

u o mo 1
- uP m, - 4
4)

Stopping potential changeslinearly with Stopping
potential changeslinearly with frequency of inci-
dent radiation.

4
h h h
7\‘ =—= =
mv  2mK  2mqVv
M My
7\'2 - ml

19
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Q.17

Q.18

Q.19

Q.20

Q.21

20

le _ Mo _ f18314 —42.79
e \M,

2

FC  2.5x10°x3x10°

A 30
)

1 5
(1) Emvl: hfl_¢
1 2
EmVZ: hf —¢

V12_V§ zzﬁh(fl _fz)

me
m”:8
[15]
For 1% line
ore(L-L
Ay 2° 3
i:Rzzi
Ay 36
For 3“line
ore(1-}
Ay 2 5

=25 W/cm?

Ans. (4)

1:R2£

1_q, .
. 00 (i)
@i+ @)

M 21 36 510-1512x10"
100 5

X~ 15

Q.22 (2
Weknow velocity of electroninn shell of hydrogen
atomisgiven by
V= 2nkZ€?
~ nh

Voo —

Q.23 (2
Energy of H-atomisE =—13.6 Z?/n?
for H-atom Z = 1 & for ground state, n=1
2

1
= E=—13.6X]—2:—13.68V

Now for carbon atom (singleionised), Z=6
2

y
E=-136=-136  (given)

62
-13.6 F =-136

n=6
Q.24 (3
u=ur

F= aJ =4U,r®
dr

rfocn
roc n®

a=3



Q.25 (2)

Eocl roci
r m
Eoxm

Ionization potential = 13.6 X

=13.6 X207 e V=2815.

Q.26 (1)

Every part (dl) of thewireis pulled by forcei(dl)B
acting perpendicular to current & magnetic field

givingitashapeof circle.

Q.27 (4)
(4) Conceptua
Q.28 [4]
Q29 (3
Q.30 (3
Q31 (4
Q32 (3
Q.33 [125]
Q34 (2
Q35 (3
Q.36 [910]
Q.37 (2
Q.38 (4)
Q.39 (112
Q.40 (1)
De-Broglie wavelength
_h__h
mv 2mE

(Mass, )ev

2eV

Where E is kinetic energy

3KT
E= Tfor gas

h

6.6x10™

(Mass,)

}\’ = =
V3MKT /3% 9% 10 x1.38x 102 x 300

A =6.26 x 10°m = 6.26 nm

Q.41
Q.42

Q.43

Q.44

Q.45

Q.46

Q.47
Q.48

Q.49

(2)
(2)
(1)

KE,, =6V =""—¢

max S x

V—@ 2.5=193eV
= Vg =55y —25=193€

— Vg =1.93V ... (i)

1240

-V, —25=0.6eV
400

s
= Vg, =06V ... (i)

AV =Vg —Vg =1.93-0.6 =133V
Option (1)

(1)

(3)

AA>L
XAP= gr

__h 3KT
" 4AnmAv v m

AX

ax, _ [m,

e

Ax, \'m,

(3)

For every large distance PE. = 0

& Total energy =2.6 +0=2.6 eV

Finally in first excited state of H atom total energy =
-34¢eV

Lossin total energy = 2.6 —(3.4)
= 6eV

It is emitted as photon

A= %:ZOGnm

‘= 3x108
~ 206x107°
=1.45 x 10° Hz

=145 x 10 Hz

(4)

2
(4)

21
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nf, = k(l—iz] Ne _ 15
2 9Ox100) 1
100
:A:%:fz = 2.46x10° 15
11 - CN =
2 9x10 Ne=15;N 9><1011><1.6><10_19
JEE-ADVANCED 15 1 4 5 s 50 -
PREVIOUS YEAR'S =169 10 =350 =410
z7=7
Q1 ©)

Q4 (B

Change in momentum

= power x total time  pxt

speed of light c
1.0 x 10" kg x m/s

So only (C) is dimensionally correct

5 1
0z ® Q5 [1 )
For resonance KE =hv—¢
Ne?  [4x10%" x(1.6x107*9)? Vg
=% mey 1010 t o omeeo-=
o =32x10% o
f_2_3.2><1015 L h
T 2n 2x3.14 2 40 .o
¢ g
3x10°® e
A=< =1 - 15 %~600nm
=7 T ox10® AR
f 8 eV ,=hv—-¢
Q3 [7] h
R=1cm Vst=(—j\/—9
f=47ev € ®
y=mx+C
c
o =¢+eVv )

So slope will be (g] , and it will be same for both

the metals.

So ratio of the slopes =1

Q6 (A Q)

R =454,

L= = ﬂ =3,z=2
1240(ev)(nm) =mvr= o [asn=3,z=2]
—200(nm) =47 (V) +eV

n=3
1229 = a7erev
200 e 4Tete s
6.2-47=V ..V =15volt
1 Q A 4 n= 1
4dn ey R =15

22



Q.7

Q.8

Q.9

Q.10

1 11 8
:R4[___}:4R_ :>7\3»1=_9

A3 1 9 9 32R
1 1 1 3 1

=R4|=-—|=—4R by =
i b B LR e
1 1 1 5 9

=R4[=-=|=—4R _ Ay , = —
A3y {4 9} 36 = o2 5R

(B)
Using Mosley's law, for K_line:/y, =a(z—b)
where b=1

1
Ll fow a20-1)
-1 T a42-))
kmo
Aey 41x41 1681
= = o = = =2144

(A)
248 nm = 1240/ 248 ev =5 ev
310nm = 1240/ 310ev=4ev
KE, 4 5ev-W
KE, 1 4ev-W

=16-4W=S-W

11
=11=3W :W=?=3.67e\/;
3.7ev
(B)
ev, =hc i1

A A
. L
- hc ——
ex2="" (03)um 4, |

()

1 1
- hc -—
ex1="" (04)um 2, |

(iii)

By solving (i) & (ii)
h=6.4x10*Js
Hence, (B)

(A,B,D)
2
cr=K
z

Q.11
Q.12

Q.13

—=¢+K
PR

¢ < eV and

Modern Physics

h
aL ==
LT m

2

[N=1,2o0r3]

(A)

hc

=¢+K -eVv

C,max A, max

ph

hc h?

—=0¢+K =¢+ -eVv
- )« ¢ C, max ¢ Zmz

ph e

ForV>>£,
e

E < eV
lph
h2

W =eV

When V is made four times . is halved.

(5]

23
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Q.14

Q.15

Q.16

24

(A)

hc
7 = (I)O + KEmax

P

KE=—= 5
2m,  2mgg

e

E—(I) +h—2
-0 2m2

2 pa—
—h—gdkzo-l—h—( f)
A om, 13

e

di,

&, _2mps
dv h?x\?
dn A2

hc

[24]
Power = nhv n = number of photons per second
SinceKE=0, hv=¢
200 = n[6.25 x 1.6 x 197%° Joul€]
200

1.6x10°x6.25

As photon is just above threshold frequency KE__ is
zero and they are accelrated by potential difference
of 500V.

KE,=gAV

P2

2—=qAV = P=,/2mgAV
m

Since efficiency is 100%, number of electrons= num-
ber of photons per second
Asphoton iscompletely absorbed force exerted = nmv

~ 200
6.25x1.6x107°

x\/2(9x10*31)x1.6x10*19 «500

—25
_ 3x200x10 x\/1600: 2x40 o4 5oy
6.25x1.6x107%° 6.25x1.6

(3]
AE,, =136x7 (1—% =136x2° (§j
4 4
AE, , =136x2%| 21| =136x 2% >
4 9 36
13.6x 2% [Ej =13.6x2° (ij +74.8
4 36

13.6x 2% (E—ij =748
4 36

Q.17

Q.18

2?=9
z=+43

(8.0

hc 1 1
7213'6{1_2_F} (i)

a

hc 1 1
7:13'6[F_?} (1)

e

(i) / (i), we get
1 1

ho _|m 16| 1

he | 1L |5

e

16
1 1. 151
“ m 16 16 6
1 1.3
~ m 16 16
131
“ m 16 16
=>m=2

from (ii)

hc 1 1 3
_:13.6 —_——— = . e
k {22 42} 13 6><16€V

e

1242x16
= ———nm
e 13.6x3
= A, ~ 487.05nm

= A

2
z

wehaveKE, o« —
& n

KE, 1
= KE, ~ 4
h
Apaz 7\4a
h
AP,= 5
AP, %,
TOAR A,
[1.00]

Let momentum of one photon is p and after reflec-
tion velocity of the mirror isv.
conservation of linear momentum

Npi = —Npi +mvi
mvi = 2pr



Q.19

mv = 2Np
since v is velocity of mirror (spring mass system) at
mean position,

v=AQ

WhereA is maximum deflection of mirror from mean
position. (A =1 um) and Q is angular frequency

of mirror spring system,

h
momentum of 1 photon, p = x
mv=2Np .. (i)
mAQ = 2N h
S
mQ AA
= ——X——
h 2
24 ,
. 0% -
given, = —x .
A=8rx10%m
10*  8rx10°x10°
N = X — 77
4 2

N =10% = x x 10%?

(8.0

U=Fr

[Using U=Potential energy and v=velocity, to avoid

confusion between their symbols]

-du
dar

= Magnitude of force =Constant =F

= Force= -F

mv?
= F= R (1)
nh
= mVR:g ..... 2
L pMm nh 1
"R 4n°  m’R?
13
nh?
=R :(4712ij ()
nh
V=
2nmR
_nh (4?mF)”
2nm| n?h?
n1/3h1/3F]J3
V:W (4)

(B) is correct

:E:%mszrU

Q.20

Q.21

Q.22

Modern Physics
v
2
1 n23n23E2s n2h? V3
= EZEm 2203 23473 +Fx A2mF
2122 \V3
L E-[N th |:l+l:|
4nt°m 2
3( n*h?F? v
:E( 47°m j
(A, Q)

_he
min eV

_ (kmin )old

1
:>}\’minav: (}"min )new - 2

_dN _hc

Cdt A
dN

.- —decreases
dt

Hence | decreases

(AD)

(6]
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Nuclear Physics

| EXERCISES |

ELEMENTRY

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7
Q.8

Q.9

Q.10

Q.11

Q.12

26

(1)
Radiusof O =r, A®

1
1 1 (189)3
Eer(A%)s_ro E =
ro 71/3

- Afor that nucleus=7

Radius of that nucleus =

(4)

(3)

Nucleus does not contains €lectron.

(3)
Nuclear force do not exist when seperation is greater
than 1 fermi.

(1)
B.E.= Amc? =[2(1.0087 + 1.0073( — 4.0015] = 28.4
MeV

(2)
Q=4(x,—x)

(2)
(1)

235 1 90 43 1
QU+ nt— S+ Xe+3n

(4)

C" — B+ B* +y because p* = &

(1)

Nx100 N, 100

oo XM N Y
% amount remaining = N, 16 N, =6.25%

(2)

aN N 0693, 0698
a TN M T, 1axao®

= 4,95 x 10

(3)

1 _In2

Tas ™% 2 T0™ 5 <Tag

So more than half the nuclei decay.

Q.13 (3
B-rays emitted from nucleus and they carry negative
charge.
Q.14 (2
Q.15 (4)
' (1]]JT1/2 A ~ (1)9/3 ~ 1
ByusingA=A, 5 :>AO— 5) T8
Q.16 (3)
Q.17 (3)
Q.18 (1)
Total mass of reactants = (2.0141) x 2 = 4.0282 amu
Total mass of products = 4.0024 amu
Mass defect = 4.0282 amu — 4.0024 amu = 0.0258
amu
. Energy released E = 931 x 0.0258 = 24 MeV
JEE-MAIN
OBJECTIVE QUESTIONS
Q1 (4
Q.2 (4) the binding energy per nucleon in anucleusvaries
in away that depends on the actual value of A.
Q3 (4
It is the sum of the kinetic energy of all the nucleons
in the nucleus
Q4 (1)
Q=(2BE,.-BE)
=(2%7.06x4—-5.60x%7) Mev
= 17.28 Mev.
Q5 (1)

Let 1% and {'B beintheratiomn.

Average atomic weight

mx10+nx11

1081= ——
m+n

N m _ 019 19

n ~ 081 81



Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13
Q.14

(3)

1
lamu. = 12 [mass of one ™|
For C>A =12

(2)
Energy = BE of Products — BE of Reactants
(8.2 x 110 + 8.2 x 90) — 7.4 x 200 = 160 MeV

(2)

AX+AX Y
E,—2E =Q
(3)

3B > A+e
J J

Eb Ea

e=E,-3E, = 3E,=E,—e

(3)

BE/ Nucleon =

;‘He:%=7MeV

gLi:>¥:7.4Mev

éZC:%:ZSMeV
12

Elements with more BE/nucleon is more stable.

(4)

The gamma photon corresponding to the energy dif-
ference will be captured so that energy on reactant
and product sideis equal.

(939 + 940 - 1876) = 3 MeV (Captures)

(2)

A50 Mev
KE, =—— =
“« = (Ara) 48 MeV
0.96 x 50 MeV = 48 MeV
A =100
(D)
(3)
Energy released
= [(80 x 7) + (120 x 8)] —[200 x 6.5]
=220 MeV Ans.

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Nuclear Physics

(2)

sHe + 7*N — 'O + iH

(2)

nop+te+ |

(3)
@ Ra g Py +Xxo+yp

226 = 206 + 4x
x=5

(D)

235 ) %
U™ TN — 54Xel txY" +3n

(4)
Energy of y photon
= Difference in energies of o particles = 0.4 MeV

3

1 In2
T, =7 =>T,=— <T
}\‘ avg.

avg. s 2~
So more than half the nuclei decay.

(2)
64 = 2

1
After 6 haf lives activity will become = 61

Hence required time = 6 x 2h = 12h.

(D)

m
No. of nucleusof P, N, = Ex N,

N

m
No. of nucleus of Q, NQ = %x A

Np

No. of Isotope P after 20 days, Np' = —~

Let no. of Isotope Q after 20 daysbe N’

N 10
N, 1 .
0 " Z(gwen)
NQX—
NA
' ' P
Ng =2%Np = 5 =N,

Thus no change in number of Q. Henceits half lifeis
infinity.
27
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Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

28

(1)
Theweight will not change appreciably asthe process
isb - decay.
(4)
(3)
A=2XN
_0.693
A, - 0.693 Ne 2 t

0'693t—0'693

-0.693 A
A, - 0.393N0e—4 : Ao

(2)

0.9N, =N,e™

N = N,e " N=N,0.9x0.9
N=081N,

(4)
R, =R,e™

R
B Sty —2 = @ Mt2t)
R2 = Roe 2 Rl

(1)
dyth, =112

2 A, = 1B, A, = 2B,

(3)
A =A™ A, =A™

(t-t)

A, =AM PA =A ST
(1)

kl
f-1-e +=0.634

2
f,=1-e * =1-e

In27t

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

_(p-1)_1
2) 2

(B)

R, =ANe""

R, =AN€e""
Atoms decayed N -N,

= M:Rl_Rz

(1)
Asthereis no further disintegration of product hence
decay constant is Zero.

(2)

Initial =N

Total decayed in 10 years
N, N, 3

2 22 4°

3N
Prob = 4 Prob = 75%

o

(1)
Prob of decay by A, = dNN1 =t
1
dN
Ay => —2 =)t
2 N2 2

TotalPr ob=dWN=7»dt

Adt=2,dt+2,dt
A=hy +2,

(4)
N = N, (1€

(3)

No effect of concentration on activity.

(2)

3200x10°
2000

1600 —-1600sec.
Remaining after two half time

time=



Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

8 Q.2
N, 107 =25x10°

4 4

(1) Q.3

(1) no of moles of |H? consumed

1MW x (24 x 3600) sec/ day

(20 MeV x 6.023x10%) 00

. m=01lg

(3)
(3) The energy released per unit mass is more in fu-
sion and that per atom is more in fission.

(4)

(4) Q4
Fusion reaction is possible at high temperature be-

cause kinetic energy is high enough to overcome re-
pulsion between nuclei.

(3)
Q=(BE, +BE,-Be)
=(2x 117 x 8.5—-236 x 7.6) MeV = 195 MeV » 200
MeV.
Q.5
(2)
Two smaller nuclei combining to formalarger nucleus
is called a Fusion reaction.

(4)
No. of nuclear spliting per second is

N = 100MW 100 g1 Q.6
T 200MeV ~ 200x1.6x107%°

100 1

No. of neutrons Liberated = 200 X 1621019 X

2587

125
- = 18 Q-1
=76 X 10® S Q7

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1

(A)
R=R, A%

| E-1IA
"R, "3 ™" Q8

Itissimilar toy = mx.

Nuclear Physics

(B)

Nuclear force is charge independent

(A)

Myg -V

Ross, = B

PV

2B

3
AX =2 X% =6 x 10 mm =60 mm.

(A)
We know that

R=RA
Surface area = nR?2

=n(R,A%)? = tR2A%

(A)

C® > C%+n

BE of reactants = 7.5 x 13 = 97.50
BE of products = 7.68 x 12 = 92.16
Energy Required = (BE), - (BE),
=97.50 - 92.16 = 5.34 MeV

(©

As a proton is lighter than a neutron, proton can not
be converted into neutron without providing energy
from outside. Reverse is possible. The weak
interaction force is responsible in both the processes
(i) conversion of p to n and (ii) conversion of nto p.

©
(BE),, = 7.5x120=900

(BE), =8.0x90=720
(BE), =85x60=510

(BE), =3.0x5.0=150
To release energy = (BE)

(A)

(A) When a p~-particle is emitted from a nucleus, a
proton increases and a neutron decreases. Hence the
neutron-proton ratio is decreased

Products>( B E) Reactants

29
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Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

30

©

The decay law will remain sameeveninthetrain. The
velocities of the a-particle and the recoiling nucleus
will be same on the ground and in thetrain with respect
to train.

(B)

U >, P™® +x, He' +y € +Q
A =206 + 4x = 238
Ix=32=>x=8

2x-y+82=98 = 2x-y=10
16-y=10=>y=6

(D)
(A) Theemitted B- particlesmay havevarying energy.

(B) e or e" does not exists inside the nucleus.
(C) v does carry momentum.
(D) In B-decay mass humber does not change.

©
The total number of nucleons will be A —4 and the
number of neutrons will be A -7 -3.

(B)

Each B-decay (B--decay) increases z by 1 with no
change in A and each o.-decay decreasesz by 2 and A
by 4. Hence

§3'Ra —> §313°X +3p7+ 20

226
Hence £5°X

(B)

A=A, e

MA=/nA —xrt

(nA versustisalinearly decreasing graph with slope
depending to A. As A does not change, slope remains
same.

©

NO

No. of atoms of A after 2hrs. = 2
NO

No of atoms of B after 2hrs. = >

(dN/dt)A _ AaN, _ (Tyy2)s-Na B le -1
(dN/dt)B T AgNg T (Ty)aNg ~ 1727

Q.16

Q.17

Q.18

Q.19

Q.20

(B)

At = Aq
A=A e =AjeT . t1=T/In A,
(©
A =A™

_ 4L
A, =2A """
i:le’ml log 2A, -

A2 2 2

t'= T Iogi
log, |~ A,

(B)

Ay

(B)
o 0693
Give t% =1620yr t% =—

3= 0.693
1620 x 365 x 24 x 60 x 60

mass 5
No of mols (n) = Atwt 223

N, =nxN, =6.023x10

Att=5hr =5 x 3600
N(t) = N, e = N(t) = 3.23 x10%

©)
R A
—>A—>B
dN

E:R_M\l N = be the number of at any timet

N d N
J;R—,\iN :!dt

_R@l-€™)
A

N

21-eMy=1€"=

N



Q.21

Q.22

Q.23

Q.24

t
E:InZ t =2x0.693=1.386

(D)
(D)n=AN

P
- "N

069 069 N

ty,=—0 =
1/2 7\’ n

(©

—aN, .
a

—dN,
dt

—-dN _ —dN, . —dN;,
dt dt dt

:7‘2N‘2

=AN; +4,N, =4, N,e™ +4,N,e”?

©
favourable

Probability = Total

N
Surviving Nucleus after 6 half livesin 2—5

NO

Total 2

N N 1
Pr = 9/_°o_=
0b= 2515 =3

(B)
Let sampleisx’ x —
2%14%

2x' 14x'
X~ 100Y 7 100

Tota :—16X
100

Hence from formula

2 . 16
100" 100

M =3In2=45x3=135

efht — 273

Q.25

Q.26

Q.27

Q.28

Nuclear Physics

(©)

A
1000 A 5> B

dN
—=R-AN=0R=AN
at A

1
40x60

1000 =

N = 24x10°

(©)
Att=0

R, _
N, =20x10° N=N,=(1-e™)

(B)

One fission = 200 MeV

Power =200 x 106 x 1.6 x 10%°
=103JS

15x 10 J=1leV.

Fission / sec = x

X x32x 10" =108

x = 0.3125 x 10*

X =3.125 x 10% .

1x10°
200x10°x1.6x107%°
= 3.125 x 10%

(©)

Total energy radiated by star is 10'%)/s

energy from one fission is of the order of 10° x 1.6x

1019

No of reactions per sec= 10 x 10/ 1.6
=10*®/16

No of deutrons used/sec = 3 x 10®°/ 1.6

Time to use 10% deutrons = 10% t

t = 10% /10 = 104

order about 10%? sec.

JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING

Q.1

Q.2

CD

,(Ast e number of protons increases, Coulomb
repulsive force among protons increases. To
compensate, number of neutrons which are neutral is
increased.

(A.C)
Initially
A=m,+m,

31
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Q.3

Q4

Q.5

Q.6

Q.7

Q.8

32

(B.E.), N (BE.),
Al A2
A, islesser initidly then

A,T (BE),{ Q.9

(B.C)
AB —r{ PE T dueto electrostatic repulsion.

BC — nuclear force dominate & nuclear forces are
always attractive in nature.

Q.10

©
m; =10xm, +(20-10)m,

m; =10m, +10m, =10(m_ +m,) &
m} = 20m, + (40— 20)m,

m; = 20(m, +m,) Q.1
mj = 2m;
M <M

observed expected

But observed relation m, < 2m, Q.12
(A.D)

Rest mass = E = mc?

Stable nucleus has to release energy.
A = B+C

E,<E,+E,

m1 < (m2+m3)

Q.13

(A,B,D)
(A) XA > YA*+ He* +Q,
B) X* >, YA+, +Q,

© X* >, YA+ e2+Q,

z+1

Q.14
(D) zxA _>ZYA + zyo + Q4

(A,C,D)
SN +n— oLi7 +4p+4n
— 4L’ +2a

— SLi"+ o +4p+ 2B

(A, C) Q.15

Given, A = 0.173

Also Ng—N=N,e™
Fort = —0'173 year :
No
No—N= ? =0.37N,
(B,D)

excess neutrons = o active and - active
excess proton = B* active

(A,B,C)
XN o YA+ B +E

KE of B particle can not exceed E.

T.-— _q<q
m, +m,

N/2 ratio becomes E
Z+1

(A,B,C)
Free neutron does not exist in nature hence it breaks
into proton and electron but free proton is possible.

(C.D)

The nucleus agter ggmmadecay remains neutral asno
change in proton and neutron take place. Gamma
photons carry only energy with them. In K capturealso
the neutrality of nucleus do not get altered.

(A,D)

dN In2 23
‘E AN = . 1x6.02x10
Ty2 238

T, _ In2x6.023x10%

= =
2 238x1.24x10

The activity = number of disintegration per second =

1.24 x 10* dps

=45x 10°yrs.

(AQ)
Given

A =0.173year)™

_ 0693 0173k
%0173 N=Npe 0173

(A)Nz%:N:O.63 N,

(B)

(A) Since energy will bereleased X will not be at rest.
(B) Generally daughter nucleusisin excited state.
(C) If X haskinetic energy, Z2Thwill also havekinetic
energy to conserve the momentum



Q.16

Q.17

Q.18

Q.19

Q.20

(D) TheQ value
Q=(m-m,-m).C

(D)
Initially uranium atom is at rest, so after decay both
nuclei have equal momentum,

2

P
andK = om’ Here X is light so it has more kinetic

energy

(D)

Q=Am.C?

=(m,-m,, —m,).C

= (236.045562 — 232.038054 — 4.002603) x 1.5 x
10

=74x10%8]

(A) pars(B) pars (C) pars, (D) pars

(A) Energy isreleased in al thefour processes. Hence
mass will decrease

(B) Since energy is released, Binding energy per
nucleon will increase.

(C) Mass number conserves in all the processes.

(D) Total charge also conserves in al the processes.

(A) q,r,S, (B) q,r,s (C) q,r,s (D) plqu!s

(A) In the given spontaneous radioactive decay, the
number of protons remain constant and all
conservation principles are obeyed.

(B) In fusion reaction of two hydrogen nuclei aproton
is decreased as positron shall be emitted in the
reaction. All the three conservation principles are
obeyed.

(C) Inthegiven fission reaction the number of protons
remain constant and all conservation principles are
obeyed.

(D)In beta negative decay, aneutron transformsinto a
proton within the nucleus and the electron is gjected
out.

(A)
Informative
Theradionuclide®Mnisbeing produced in acyclotron
at a constant rate P by bombarding a maganese target
with deutrons. ®*Mn has a half life of 2.5 hours and
the target contains large number of only the stable
maganese isotope *Mn. The reaction that produces
Mnis:

SMn+d—*Mn+p
After being bombarded for along time, the activity of
%Mn becomes constant equal to 13.86 x 10 st .
(Use ¢n2 = 0.693; Avogadro No = 6 x 10%; atomic
weight **Mn = 56 gm/mole)

Nuclear Physics

NUMERICAL VALUE BASED

Q.1

Q.2

Q.3

Q.4

[0154]

dN
P =700 x 10° x 1.6 x 107° x E =10 x 103

dN 102 1

5 107 N
dt ~ 104 7x16 112 T ©

. In 2
~ 14x86400
14x 86400 10%2
= Ny TIAX07
[0003]
A B
t=0 N N

0
t, =3 days 2N N
2N =N, (0.5) ty/1,
N =N, (0.5)t/t,

1 1
2=(05)t, T—l—;

3
— 05 = (0.5) [— - 2]

T
3
=-1=—-2 .. t,=3days
U
[1880 keV]

1
Energy available= 5 HV,42 =Qvalue.

8
K, = 1645 X7 = 1880 keV

[0001 kg]

Evaporations and reaction has rate similar to first or-
der reaction rate

Hence

33
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1 1 1

= + =
tl/ 2 (tll 2 )evoparati on (tll 2 )sucti on

i:6 hrs

tyo

16
Hence water left = > =1kg

Q5 [9

dQ dN
= —=(eVn)—
P= " (eVn) m

dN P 3136

dt eVn  (1.6x1079)(40x10%)(0.99)
=5x 10Y

KVPY
PREVIOUS YEAR'S
QL (A

214 210.
X
82 2e— + 2H e4 82
82 — Proton
210 — 82 = 128 Neutron

Qz (A

Q3 (A

In radioactive equilibrium

rate of decay of X = rate of decay of Y
N, Ny

X

kx Nx:}”yNy' T_X:T_y

Q4  (B)
PI’R

AP _ Al
P -1 7

Q5 (A

Q6  (B)

34

Q.7

Q.8

Q.9

[tN, +tdN,
2N,
where dN, = AN e™ dt

A
dN2: gNoe S dt

avg life=

= x
[ tON et + 2 N 3
avg. life= o 3

2N,
Intergrating we got
2.10

~ —

avg life= YR

(B)
Very thin foil can be made only of highly malleable
material.

(A)

Bi Breaking of ,B"
5

energy given=

neutron
y B

5
formation of B will release energy — E,
E, = Binding energy of B" = 7.5 x 11 MeV
=825 MeV
E, = Binding energy of B*=8.0 x 10
=80 MeV
Energy given=E, —E,
=825 -80=25MeV

(D)

KE:lmv2
2

0.05x1.6x107% = %x1.6><10’26 x V2

0.05x 2x10" = Vv*

10° =v?
v = 1000 m/sec
time taken to travel a distance of 1 m is

l = i =0.001sec
v 1000

Half life of radioactive material = 6.9 sec
~0.693
A

0.693
==
6.9
fraction of particle decay in 0.001 sec or

1 osco1-en
1000

T:lJ 2

A 0.1



Q.10

Q.11

Q.12

= 1l-e 1000
1

= 1-g 1000

= 0.0001

(D)
From the nucleus of metal atom.
in nucleus

n—P+e +Vantinutrino

Beta

(B)

A3
2C-iB+B°+v+0.96MeV Q

Q.14
M :%3 M = m9

2" 22

. ] 2ty
[Half life=t; n= t/to:n:T: n=2]

M = 0.25 ug (remained) Q.15
Carbonused = M —M

= 0.75ug

0.75x10°°
Number of moles = 1

0.75x10°°
12

Number of reaction = x 6.023x10%

Energy from reaction = 0,376x10" x 0.96MeV
=0.36 x 10V
= 3.6 x 10'* MeV

~ 4x10"MeV
Energy from annihilation = 2 mc*(0.376 x 10")

z1.02(0.376><1017) MeV

Q.16

~ 4x10" MeV
Total energy = E

+
reaction Eanni hilation

E; ~8x10"°MeV

(A)

r=r,A® r,=1.3x10"%
1 q0,

F=——x—7*
dneg

Nuclear Physics

~ 9x10?x1.6x107° x1.6x107*°

F
ro2A2/3

F_ 9x10°x1.6x107x1.6x107°
(1.3)° x10™% x (206)°"®

 23.04x10%x107%®
(1.69)x 34.81

23.04x10

 1.69x34.81

=3.91 Newton

=0.039x 10> Ans. (A)

(A)

(B)

R=Rge™

INR=At +InR;
comparing we get (B)

©)

Density of nucleus is

mP
= 7= condant
Ay

(A)

Initial energy of nucleus

2.2
_E - kz°e
R
by volume conservation, new radius of daughter nuclei

ilTtR3 = il7tr3.2
3 3

R

r=

2
[Zej
now, total energy =E, = 2k2—
r

_ 2kz%€ U3 _ 0.63kz’€?
4R R

35
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Q.17

Hence the change in energy

_ kz%€?

[1-0.63]

2.2
_o37Kee

(B)
In case | energy of all electrons will be same but in
case |l energy of electrons will be different.

JEE-MAIN
PREVIOUS YEAR'S

Q.1

Q.2

Q.3

36

8]

(1)
A=A, e (Radio active decay law)

A
5= A, e™=(Radio active decay law)
By above equations
A
LA iy R
5 Ae’

5=x(t,—t,)
1 _t-t

A /n5

2
A =AN

N:[’]NA tﬂzzln_zjlzln_z
A ty,

Q4

Q.5

) (15x107%)
N=1"108 )™
(In2)
_ | —5|N
A=l
0.693

B 15107
2.7x24x60x 60

x 6x10% dps
198

=1350.30x10% Bq

1 Curie=3.7 x 10 Bq

~1350.30x10%

37210 Curie=364.94Ci
X

)
N, = Ne’™
lz My

0

0.67=€e"
In(0.67) = -\t
N, =N,e "2
N,

NO

0.33=¢
In(0.33) = —t,
S0

In(0.67) - In(0.33) = At, — At,

0.67
}\,(tz - tl) = ln(@j
a(t,—t) ~ In2
In2

L-lr——=1,

Half life=t,,, = 20 minutes.

3

N

1 1 1

=— 4 —
T, T T

1/2

Tl(yl)T(z]

12

V2T @)
Tis + Ty

Q6 (2

Itispossibleonly insgdethenucleusand not otherwise.



Q7 (4
Q8 (4
Q.9 [20]
Q.10 (4)
Q.11 (4
Q12 (4 Q2
Q.13 (4
Q.14 [10]
Q.15 [27]
Q.16  [150]
Q.17 (3)
Q.18 (2
Q.19 [10]
Q.20 (2)
(t,), = (),
M2, —o069s2
A Ay, y
Also initialy N = N, =N, Q.3
Activity A=AN
Ash <A =A <A
= y will decay faster than x
Option (2)
Q.21 [15]
Q.22 (3
Q.23 (2
Q.24 (2
Q.4
JEE-ADVANCED
PREVIOUS YEAR'S
Ql [1
N — N0 gkt
d_N — 1010 — _10°° 5
G =100 =N, () g0 Q
at (t=0)
10 = N, 10

Nuclear Physics

N, = 10
mass of sample = N, 10
=N, (mass of the atom

=10°kgm
=10%x 10° gm
=10%gm
=1mg
[7]
r=101fm te

+120 e

(9 x10° X120e)(e) _p’

10x107%° 2m
p 5

S 10-27 hots 9 2 h?
2(§x10 ]10 ox10°J12)e? - —

(120) (3)1024159 )2 = (4.2)2 x 10

42 . A2x4.2x107%

_ 42x42
360x1073 B

360

x1072°

=72x10% A= 7x10m=7fm

©)

KE,_, of B~
Q=0.8x10°eV

KEp +KE - + KE\j = Q

b
KE, is amost zero
When KE[;* =0
then KE; = Q —KE,

=Q

(D)
0<KE, <Q-KEp —KE;

OSKEB,<Q

37
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Number decayed = N_— N (t
ayed =N, =N (9 ~K,=(Q-E)
Ny —N -
% age Decayed = No =N = (12014 - 12)c*—E
No =0.014 x 931.5-4.041 =9

= (1-e™) x 100

~ At x 100 Q10 (O

=5x10%x80x100=4

3 ¢
Q6 (C) AmM,c* — Am,c° e R[zo (Z,-1)-2, (2, -1)]
(p) In o decay mass number decreses by 4 and 0
atomic number decreases by 2. — R=342fm
() In B* decay mass number remains unchanged
while atomic number decreases by 1. Hence, (C)
(r) In Fission, parent nucleus breaks into almost
two equal fragments. QU (©
(s) In proton emission both mass number and 2"=64 =>n=6
atomic number decreases by 1. ~.t=nT =108 daysHence, (C)
Comprehenison (Q.7 to Q.8)
Q7 ©) Q.12 [9
131 31

(A) 37 5, He 4, H? ¥ — e xe” B

A,=24x10°Bq="AN,

Am=[M,; -M,. —M
M He Hs] Let the volumeisV,

= [6.01513 — 4.002603 — 3.016050] t=0 A, =N,
= — 1.003523u t=11.5Hrs A=2AN
Am is negative so reaction is not possible.

N
(B) gqPo™* _, g3B™” +1P1 115=X (V X 2.5]

Am is negative so reaction is not possible.

(© 1H2 N 2He4 +3Li6 115:&)( 2.5><(Noe_m)
Am is Positive so reaction is possible. v

(D) Zn’° Se? cdl52 7Ir172 ;
3077 +34 — 64 115 = (NO}L) y (2.5) o Sdaly(11.5|—| )

Am is Positive so reaction is not possible.

Q8 (A

84" 4 e’ _, gpP®®
AM=[M,—M _ —M_] = 0008421 u
Q = 0.008421x932 MeV = 5422 KeV

24x10°
15= (+) x(2.5)x e

210 2.4x10° P4x10° 23
- V=—"—"x25/1= x 2.5 —
Ko =opq 7 2122KEY 115 24115 24
= 5320 KeV
10° x 23x 25 3 .
Q9 [9] —W—leo ml = Sliter

=0.014 x931.5-4.041=9
As M, <<My
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Q.13

Q.14

(A, C) Q.15

232 i i i 212
% Th isconverting into g>“Pb

Change in mass number (A) = 20

) 20
. no. of aparticle = 2 S
Dueto 5 a particle, z will change by 10 unit.
Since given change is 8, therefore no. of B particleis

2

(A)
Parallel radioactive decay

& Ca
20K Q.16

T3~ ca

=X, + L, =5x 10" per year
=N e™

N
= A =2In10
4.6

t=9.2 x 10° years Q.17

Nuclear Physics

[135.00]

R&* —» R + q

Q = (226.005 — 222 — 4) 931 MeV
= 4.655 MeV

Kk = A4 E
.= ~a Q-E)

444 M V_% E

_ (@j
Q-E, = (444)| o, |MeV
E = 4.655 — 4.520

=' 135 MeV
= 135 KeV

(D)
Out of 1000 nuclei of Q 60% may go a-decay
= 600 nuclei may have a-decay

~In2_In2
t,, 20
t = 1 hour = 60 minutes

Using
N=Nge™
_'szeo
=600xe ®
N =75
= 75 Nuclei are |eft after one hour
So, No. of nuclei decayed
=600 — 75 = 525

(ACD)
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Solid and

| EXERCISES |

OBJECTIVE QUESTIONS

Q1
Q.2
Q.3
Q.4
Q5

Q.6
Q.7
Q.8
Q.9
Q.10
Q.u
Q.12

Q.13

Q.14
Q.15
Q.16
Q.17

Q.18

Q.19

Q.20

40

(2)
(2)
(1)
(1)
3

— in case of current gain in comman base

amplifer.
(1)
(3)
(1)
(2)
(2)
(1)
(2)

(3)
Peak value=2-07 =13V

(1)
(1)
(3)
(2
(3)
When lattice constant decreases width of conduction

band and valance band increases while band gape
decreases.

(1)
3

KVPY

Semiconductor Devices

PREVIOUS YEAR'S

Q.1

Q.2

Q.3

(A)

¥ I_dw\ %Dl %Dz ];
) l Tlstv l

V, =V, when no current flow through 1 kQ/
for negative values of V,

i from D, =0 (aways)

i from D, = 0 upto 3V
So from 0 to -3V

from -3 to 4V
V,=-3V

For positive values of V,

i from D, = 0 upto 1V

i from D, = 0 (aways)
Hence O to 1V
V.=V,
lto4V

V,=1volt
Correct graph is (A)

(A)
Break down voltage is proportional to width of
depletion region.

1
.. When width reduceto 1 um thus become 0 times

1
then break down voltage also become 20 times thus

it become 5 volt. So Zener diode can used for voltage
regulation of 5 volt.

(A)

I
When V is positive in forward bias the potential drop
on diodeislow. When V is negative current will pass

through the resister as V = IR . (in diode current
almost zero because of reverse bias diode)



Solid and Semiconductor Devices

Q7 (9

<V

3V
Q4 (A

V, can only have two values either +10 or —10
. Only (A) is possible

Silicon diode isin forward bias.
Hence across diode potential barrier

AV = 0.7 volts
Q5 (A) _V-AV _3-07 _ 23 _
Generally we want the electron to cross energy gapsin I = R ~ 200 ~ 200 =115mA
material A.
Not in material-B because its just covering. Q.8 (2)
And E, intheA should not bevery small otherwisethere 6
will be huge heat loss because of large differencein E, I =ﬁ=0.002 (D, isin reverse bias)
and energy of incident photon
JEE-MAIN 09 (1)
PREVIOUS YEAR'S QUESTIONS When switched on :
Q.1 (2) VCE: 0
(A+B) = NOR gate Voo =Rge =0
When both inputs of NAND gate are connected, it i = %:5&0‘%
behavesasNOT gate. c
— OR+NOT =NOR. lc=Big
= iy =25pA
Q.2 (1) = Vg ZigRg =V =0
— — =V _=V_+iR =35V
y:(A-A-B)-(B-A-B) wooTEe
Q.10 (3
=[A~ .B]-(B.A-BJ Y =AAB+ABB
o o =A(A+B)+(AB)B
=A-(A+B)+B-(A+B) B
o _ _ _ =AB+0
=A-ATA-B*t*B.-ATB-B
y=0+aA.B+B.A 0
Qu @3
Q.3 3 T =
R= P+Q:(x+y)+(xy)
Q4 (1) o o
Q5 (24 =(x+y)(9) = (x¥)-(3) = xy
Q6 (2

In common emitter amplifier circuit input and out
put voltage are out of phase. When input voltage is Q.12 (1)

increased then i is increased, i also increases so 12 -500(2i, +i,) -10=0
voltage drop across R_ is increased. However 2 1
increase in voltage across R is in opposite sense. =2 +i,= 500 250

<i, when zenor has break down.
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Solid and Semiconductor Devices

Q.13

Q.14

Q.15

Q.16

Q.17

42

So,i,=0.
2, -1,

R, |5000

12v — iy

A 4

e

V=10V

s
11
S
o

(4)
V, =12-03=117V
V, =12-07=113V

= AV, =-0.4V
(3)

— _Vd
Usel = neAv, and u—E

(1)
L5
10k — 10k

120-50
Isg =

i, = (14—5) mA = 9mA

5mA

=14mA

(1)
Method 1
Truth table can be formed as

B | Equivalent
0 0

R ol o| >
'—\

1
0 1
1

Hencethe Equivalent is“OR” gate

(3)

Q.18

Q.19

Q.20

le, =17mA
2000
R, I, thz
R,$8000

VZ = VRz = le (Rz)

56,
800 "
le, =7 mA

|, =(17—-7) mA = 10 mA

(2)
AtV =8V

—3
i = 107 g saaoa
4

. 8-6x107°
R

B izener diode =i
=05x10°A
AtVy=16V

i, =15x 10°A

=2x10°A

R ™ o

. (16-6)x107
R

= 10x103A

~i, =85x10°A

zener diode = IR

At saturation state, V . becomes zero

10V
i = —10mA
= ¢ 710000

. iC
now current gain factor P = i
B

10mA

OMA _ oA
250 oM

= iB =
(4)
30sec

="



Q.21

Q.22

AT = EEES SEeC.

L =55cm
AL=1mm=0.1cm

Q.23

percentage error in g is

Ag x 100% = [A—L + ZA—TJ 100%
g L T

)
100% = 6.8
55

(o2, 2l
o, J

30
20

(4) Q.24
input current = 15 x 10
output current = 3x 103
resistance output = 1000

NowV. =r_ xi
input input input

10 x 102 = Mgt ¥ 15 x 10

2000

Fopu = o = 0.67KQ
3

—3
voltage gain — Voupu _ 1000 3x 130 - 300
Vipw  10x10°

Option (4) Q.25

(2)
Maximum current will flow from zener if input volt-

ageis maximum

ls

p
A
WYY

Py

P

I

N
~

Q.26

When zener diode works in breakdown state. Voltage
across the zener will remain same

LV, 6V

acrossakQ —

Q.27

6 6
. IKQ=——A=—mA
.. Current through 2000 2

Since input voltage = 16V
= Potential difference across 2KQ = 10V

Solid and Semiconductor Devices

10
. 2kQ =——=5mA
.. Current through 2000

= Current through zener diode
=(lg—=1)=35mA

(1)

pampuall oy

C=A+B and y=AC

A|B|C=(A+B)|AC.|y=AC
0[0 0 0 1
01 1 0 1
1/0 1 1 0
11 1 1 0
(3)
-3
v -8 )Ra _((5x10° )
Al R, 100x10°°

:ixlO6 =5x10*
20

Al 5x10°
=Pan = [A—,‘;J(Vgan) - [N&W](wa“)

=25x 108

(4)
Av x B = l:)gain

P
60 = 10log,, B
0

2 Rou 10*
P=10° =P"% =prx —
Rin B 100
p? = 10*
B =100
(4)

A logic gate isreversible if we can recover input date
from the output
e.g. NOT

(3)

Diode isin forward bias, so it will behave as simple
wire so,
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Solid and Semiconductor Devices

Q.28

Q.29

Q.30

Q.31

Q.32

44

b = 10kQ

30V

30
5+10

$1V

Eb:

x5=10V

(2)

First part of figure shown is OR gate and second part
of figure shown is NOT gate.

S0, Y,=0OR+ NOT = NOR gate

Y=A+B= A.B

(2

Y =ABeA

=ﬁ +A

=AB+ A

=0+0

=0

[12]
A E C

127V T = 3 4V

B = D

LetV,=0

Right diodeisreversed biased and | eft diodeisforward
biased
5V =127-0.7 = 12 Volt

(2
Both diodes are in reverse biased
9 3

1=2=>A=03A
3 10

(2)

Maximum charge on capacitor =5 CV

(a) isreverse biased and (b) is forward biased
for case (a)

Qs
e T
+ + -
_(Jr z M
+ —
— AW —e—e—
L AWW—
Qa=CV SO q = Qmax [€7VRC]
Qg = CVe™

Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

[40]
o228 ,_ 4 _i52p
(200+200) 400

Power loss in each = (4) (102 W = 40 mW

(2
Truth Table

=
I

AB

O O | D
R Roowm

O -

(1)

(ﬂ +§+6) =ABC
= AND gate

(3

Zener diode works in reverse bias and potential drop
across it remains constant.

(3)

Voltage across RL increases up to 4 V, then one of the
zener diode will blow. So, option (3) is correct.
[150]

Al

== Al

Al = (45-3) mA
Al_=(30—20) pA = 10pA

Truth Table

A
0
0
1
1

» o r olw
N =]

(1)
Since silicon diode is used so 0.7 volt is drop cross
it. Only D, will conduct so current through cell
_5-07
~ 10
| =043




Q.41

Q.42

Q.43

Q.44

Q.45

Q.46

Q.47

(1)

Transformer — Step up — Step down

Rectifier - ACto DC

Filter — Rippleis removed

Stabiliser — For any input, output would be same

(2)

Thevariation of the fermi level obeystwo conditions.
— The mass action law

— The neutrality equation

(4)

1242
A= 19 nm = 654 nm, Red..

(1)

v 4KQ 3o0v 30V
’\/\/\:I i
,

Vi Nav 25K
0 0 0
90 — 30

|= = — =15mA

Q.48

Q.49

Q.50

Q.51

Q.52

Q.53

Solid and Semiconductor Devices

I, = % = 6mA
[, =15mA —6mA = 9mA
Ans. =9

(4)
It is heavily dopped and work in reverse biased so
depletion layer thickness is more.

(3
Alg=4
Al.=35

-0

=
I
I
-
I ool ~
[CJEN
I
\'

(1)
Zener diode breakdown

5
- 3
=>1=5 103 =25x 10"

X x 104 =25x% 1073
X =2.5mA

(3)
y=A+B=AB
which is equivalent to (3) option

(2)

Theoretically
[5]

|RS:3SQ |1

\j |2 [

nv V=15V R, =950
VoltageacrossR =22 -15=7V
C t th hR-I-l—1
urrent through R =1 = % 5
C t th h90Q = b1
urrent throug =907 6
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Solid and Semiconductor Devices

11 1

Current through zener = —— = =—<A Q.59 [200]
> 6 30 Al 2x10°°
Power through zener diode ="
p:WV, Hone | P Alg  10x10°°
1 .08
Px = =05 wat p=gx10
30 B =2x 102
P=5x 10" watt B = 200
Q54 (1) Q.60 [25]
Truth table for the given logic gate :
Q.61 [192]
A|BlY
0|01 Q.62 (1)
011 Q.63 (2
1/0|1
11110 Q.64 [5]
The truth table is similar to that of a NOR gate. Q65 [29]
Q.55 (2 Q.66 (2)
By De Morgan’s theorem, we have
— Q.67 (3)
A A AB ‘B=NAND
5 = :Dq 1300

Q56 (4 R

(4) Conceptual

D3
Q.57 [100] K oo
R
10° =p>x—=2 200V
R 200
F———w—
104 _{
106 = Bz ><—2
10 Asper diagram,
2 =104 = =100 DiodeD, & D, arein forward biasi.e. R = 30Q
where diode D, isin reverse biasi.e. R = infinite
Q.58 (4) = Equivalent circuit will be

e e Applying KVL starting from point A
a = I_’B =|_
- ° D, g0 1300

IE=IB+IC 1,/2 >

I 1

a=lg+lc :*B“Ll D, 300 130Q /2
C

1] R=o 130Q
o= 1 > M AWV
B+1 =0
Il A
_B || A Il
o= 1+B A || ZNVOQ\, <
200V
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Q.68
Q.69
Q.70
Q.71

Q.72

Q.73

—[%}60—(%) x130—-1,%x20+200=0

= —1001,+200=0
g;énﬁ)

[20]

(2

[120]

(4)

(3)

o|lo|r|r|X>
olr|Oo|lr| T
RlrR|lo|o| X
Rrlo|r|lo|<
Rrlo|o|lo|N

Option (3)

(2)
VA=5V
VA=0V
VB=5V
VB=0V

4 Uy
ww> >
mnonon
Or O

Q.74
Q.75
Q.76

Q.77

Solid and Semiconductor Devices

If A=B =0, thereis no potential anywhere hereV =
I(:‘A =1,B=0,DiodeD, isforward biased, hereV =
;SfVA =0,B=1,DiodeD, isforward biased henceV =
?fVA =1, B =1, Both diodes are forward biased hence

V,=5

Truth table for I¢

A B Output
0 0 0

0 1 1

1 0 1

1 1 1

Given circuit is OR gate

For 11" circuit

V,=5V,A=1

V,=0V,A=0

When A = 0, E — B junction is unbiased there is no
current through it

V=1

When A =1, E-B junction is forward biased

V,=0

.. Hence this circuit is not gate.

(3)
(1)
(4)
(3]
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Principle of Communication

| EXERCISES |

OBJECTIVE QUESTIONS —— . qu
—_—
Q1 (3) = .
—_—
[
Q2 (4) S }.
SCREEN
Q3 (1 . . -
Intensity veary according to graph 'A
Q4 (4
Q5 (1) Q2 (B)
1
Q.6 (2) Time period between two flashes = T
Q.7 (4) Distance travelled by laser in thisinterval
c 3x10°
.8 1 —=———=0.3m=30cm
Q.9 (3) So thisisthe maximum distance between two detectors,
so that they can see the same pulse simultaneously.
Q.10 (1)
JEE-MAIN
Q11 (3 PREVIOUS YEAR'S
Q1 (1)
Q.12 (3) Low frequencies cannot be transmitted to long
distances. Therefore, they are super imposed on ahigh
Q.13 (4 frequency carrier signal by a process known as
modulation.
Q.14 (3 Speed of electro-magnetic waves will not change
due to modulation. So time lag between
Q.15 (1) transmission and reception of the information
signale.
Q.16 (2
Q2 (1)
Q17 (3) r=R+h = R
Q.18 (1) x=JR+h)?-R?
Q.19 (1
Q.20 (4)
KVPY
PREVIOUS YEAR’'S
Q1L (A
V=VA
_ 1500 10
== ooxa0r - 000X
A=3mm
= vh? + 2hR

x2 = 25000 + 2. 500 6.4 100000
48



Q.3

Q.4
Q.5

Q.6

Q.7

= 25000 + (64 x 100000000)
= 10* (640025)
x? ~ 10%.640000
Xx=8x10m
=80 km.

(2)

Vo

Signal wida S R

t=RC =100 x 10% x 250 x 102 sec
= 25x 10" x 10 sec =25x10° sec
The higher frequency which can be detected with
tolerable distortion is
1 1

- 2nim,RC 27x0.6x2.5x107°

Hz —

100x10% 4
25x1.2n  1l2=n
This condition is obtained by applying the condition
that rate of decay of capacitor voltage must be equal
or less then the rate of decay modulated singnal
voltage for proper detection of mdoulated signal.

x10™* Hz = 10.61 KHz

(1)

(3)

Refer NCERT Page No. 526
Three frequencies are contained
o, to,0.— com& o,

(2)

Since the carrier frequency is distributed as band
width frequency, so

10% of 10 GHz =n x 5 kHz

where n = no of channels

E x10x 10°=nx 5 x 10°
100 =N

n = 2 x 10° telephonic channels

©)

Analysis of graph says

(1) Amplitude variesas8—-10V or 9+ 1

(2) Two time period 100 ps (signa wave) and 8 us
(carrier wave)

Hencesigna is | 9+1sin 2nt sin 2t =9+1sn
Tl T2

(2r x10%) sin 2.51 x 10°%

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Principle of Communication
(4)
The interval between two carrier frequencies should
be at least two times of AM frequency.

(3
8
_Ez 3X1O7 :§><1015HZ
A 8x107 8
3
2108
L_oonf ¥ _ 1 4512508
6x10°  6x10°
(3
A_ =100
A_+A, =160
—A, =40
A_=100,A =60
H_A_m:o,e
AC
(3)

Covering range of transition power = \/2hR

To double the range make height 4 times.
(3)

f=f +f

. B (5.5i 0.22) x10°
2n ZXQ
7

o, to,

=89.25, 85.75

1)
D =/2h;R +,/2hgR

(3)
The physical size of antenna of reciver and transmit-
ter both inversely proportional to carrier frequency.

(4)

To minimise attenuation, wavelength of carrier waves
is close to 1500 nm

(3)
Range = /2Rh; +./2Rhg
50 x 10% =

2% 6400x10% x h; ++/2x 6400x10° x 70
by solving h, =32 m

(2)
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Principle of Communication

— Q.25 (1)

¢ ml °| 1 Theorwtical information based

«—> Q.26 [25]
Band width
m% = al x 100 = 20 x 100 = 25%
Q.18 (4) Ac 80
f =100 MHz =10°Hz, (V ), = 100V
f. =300 GHz , V), =400V Q27 (2
(Vm)o 100 1 D=9 /bR
Modulaton Index = (v, )0 200 4 =025 2v2RN
0 D? 457
Upper band frequency (UBF) =f_+f_ h= 3R~ 826400 km =39.55m
Lower band frequency (LBF) =f_—f
. —_ = = 8
o UBF—-LBF=2f =2x10°Hz Q.28 [1206]
Q19 (D) d=2RrRh
A 2 A = nd?
Modulation index is given by M= Am =Z=O'5 A =72Rh
& (a) carrier wave frequency is given by =3.14 x 2 x 6400 x 1000
_ _ 4
;o 2T A = 1205.76 ki
= z
c A = 1206 kn??
(b) modulating wave frequency (f,) 06 km
=2nf =2000n
=f =1kHz Q.29 (4 o
lower side band frequency = f_—f _ (4) Band width =2f |
= 10kHz - 1kHz = 9kHz o, =157 x 10° = 2nf
8
Q.20 (None) BW = me = % Hz =50 MHz
A =A(1+p) =8V
Anin =AL—p) =2V Q.30 (1)
Order of atmosphere stratification from bottom
Q.21 (22 based Troposphere, stratosphere, Mesosphre,
Theory Thermosphere
(@ — (iv)
A (Tlgeoretical (b) = (iii)
(c) — (ii)
023 (1) (d) — (i)
. £ Q.31 [50]
Using theory A = f_ Range = \/ﬁ
R Range (i) = \/2Rn
Q24 133 Range (ii) = \/2Rh ++/2Rh’
Amax _Amin whereh=20m & h' =5m
u= Amax + Amin /2Rhl \/g
Ans= ———x100% = x100% = 50%
6-8_ 8 1 J2Rh J20
“16+8 24 3
=0.33=33x 107 Q32 [40]
x=33 033 (1)
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Q.34
Q.35
Q.36
Q.37
Q.38
Q.39
Q.40
Q.41

Q.42

Q.43
Q.44

Q.45

(1)
(1
(1
(3]
(1
(2)
(4)

[64]
[500]
Singnal bandwidth =2fm
=12 kHz
6
_ 6MNZ _ 6x10° _ 500

12kHZ 12x10°
[224]
(2]
[200]
A, =A.+A_ =250+ 150 =400
A..=A.—A_ =250-150= 100

A, 100 1 50

min

A 400 4 200

max

x =200

Principle of Communication
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Magnetostatics

EXERCISES

)

OBJECTIVE QUESTIONS

Q.1
Q.2
Q.3
Q.4
Q.5
Q.6
Q.7
Q.8
Q.9
Q.10
Q.11
Q.12
Q.13
Q.14
Q.15
Q.16
Q.17
Q.18
Q.19

KVPY

PREVIOUS YEAR'S
(A)

Q.1

Q.2

4)

(4).

(4)
(1)
(1)
(1)
(3)
(4)
(3)
(1)
(1)
(3)
(4)
(1)
(2)
(1)
(3)
(2)
(2)

Q.2

Q.3

Magnetic filed lines are in opposite direction in zone
1 so Neutra point is located in zone 1.

Zonel

(A)

W

Q.4

Diamagnetic material move from high magnetic field

to low magnetic field so this material are likely to Q.5

accumulate over theregion such asA as here magnetic

field is minimum.

JEE-MAIN

PREVIOUS YEAR'S

Q.1

52

(2)

Bnet:Bl+BZ+BH

Q.6

ﬂlEiH
M‘“IJ

_ ko My +My)

= +By
net 41 r3

B
10712+
I ()
Ans. (2)

(3)

For electromagnet and transformer, the coercivity
should be low to reduce energy loss.

+ 3.6 x 10° = 2.56 x 10 Wh/n?

(3)

|
= 2%, |[—
T TE«/MB
| =7.5 x 10°kg-m?

M =6.7 x 102 Am?
By substituting value in the formula

6
T—2n 7.5><71_O
\ 6.7x102x0.01

= T = 0.665 sec
For 10 oscillations, time taken will be
Time=10T = 6.65 sec

| M agnetic moment
Volume

| 20x10°°

o5 - 20N/ m?

20 1 103

L 60x10° 3

=0.33 x 102 =3.3 x10*

(4)
1=Fx006=18x0.12x 18 x 10°
F=6.48x10°

2 |
B=p,H ; pni=pH

10 5o H
02

H = 2600 A/m



Q.7

Q.8

Q.9

Q.10

(BONUS)
Work done by external agent = U, — U,

U =-M Bcos(éj
8

U, = MBcos(Ej
8

W =2M Bcos(%] =0.0198 J

None of the option is correct.

(1)
For paramagnetic materials, magnetic susceptihility,

1
X T

X _Ta
= X2 T
o =y =0, 285107 = 3.267 x 10+
T, 300
(1)
|
T=2n|—
uB
T h Me 1
- = X— = [2x==1
T Ve my 2
T.=T,
(4)
BZ Bnel
.

'

< » » | [2M

M di2 dr2 l
5 _2[ﬂ) M_ B _(b] 2M

1=\ 4n/ (d/2)% T2 \4n/(d/2)®

B,=B,
= B_isa 45° (0 = 459

Vv
B

net

velocity of charge and B, are parallel so by

F= q(v x |§) , force on charge particle is zero.

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Magnetostatics

(3)

45° 30

1 [uB, cos45°

¢ 1 [uB,cos30°
2n | ? 2n |
f,  [B,cos45° Bi_g7
f, '\ B,cos30° B,

(1) N

X = retentivity

y = coercivity

z = saturation magnetization

B
H
(2)
Option (2) iscorrect as permanent magnet should have
high coercivity & retentivity.

f, =

(4)
Magnetic field inside perfectly diamagnetic material
remains zero.

(2

Mo 2

“T
M, B T
M, B, T
1 1 2

x_03 4
=6 04 24

= x=0.75A/m

(3)

t=MB sind

0.018 =M x 0.06 x 0.5
=M =0.6 Anv
wW=u,-U,

= MB (cosb, — cosd)
=0.06 x 0.06 (1 — (- 1))
=72x%x102]
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Magnetostatics

Q.17 (1)
M =yH
Magnetic moment = MV
H=ni

Q.18 (1)
Theoretical

Q.19 (1)
Satement (C) iscorrect because, the magneticfield
outsidethetoroid is zero and they form closed loops
insidethetoroiditself.
Satement (E) iscorrect because we know that super
conductors are materials inside which the net
magnetic field is always zero and they are perfect
diamagnetic.
=1+
x=-1
1 =0
For superconductors.

Q.20 (2
Q21 (2
Q.22 (1)
Q.23 [22]
Q.24 [§]
Q.25 (4)
Q.26 (1)
Q.27 [3
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Electromagnetic Waves

| EXERCISES |

OBJECTIVE QUESTIONS

Q.1

Q.2

Q.3

Q4

Q.5

Q.6

Q.7

(1,2

Since i, =E, d(j)tE

i, — displacement current

¢, — flux of electric field

Therefore displacement current flows in dielectric of
acapacitor when electric field between plates changes.
That is possible while increasing or decreasing the
potential difference across capacitors plates.

(4)

Free electrons (ie at rest) will experiences force in

the direction of electric field ie (IE:qE). Hence it

moves aong direction of electirc field.

(4)
Speed of electromagnetic wave is same for all
frequency.

(2)

According to einstine photoelectric theory when
electromagnetic wave is incident on a metal surface
it transfer energy and momentum. Hence p = 0, E #
0.

(1)

Ampere’s circuital law,

<jSB.dI = Wi,y Where in is current enclosed in the

bounded curve surface. This is conduction current.
Which is actually consider due to flow of charge.

(1)

. d

electric field is changing in circuit.

, displacement current is contineouswhen

(2)

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

When capacitor is fully charged the potential across
it becomes constant and conduction current in circuit
become zero.

1)

Along the wire field is maximum.

(1)

Visible light liesin arange of 10" Hz.

(4)

Magnetic field due to changing capacitor.
Holl

BZZTERZ I‘SR

B=td (_R
2nR

wherer is radius of loop.

(3)

C=ExB

. . - N
Directionof C1to Ex g

©)

p=tdo R
2nr

(2)
n=2x10"H,
E,=48Vm!

c 3x10®

H:mzl.leo‘zm
X

(4)
E,=9x 10°
B,=7?

0

E, _9x10°

0= — = = =3x10"T
C 3x10

(1)

&y v/m™
dt
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Electromagnetic Waves

Q.16 (2
1= 1A
C=1uF

dv_1dg 1., 1x10°

dt cdt c 1
Q.17 (4)
P = 800 watt
E, =4
P 1

= R~ 2 %C

2P,

—~0 _F?
4nce R? °

2><800><9><1O_Ez
3x10x16 0
300 x 10 = E,
E,=54.77 V/m
Q.18 (2)
_E, 5477
 C 3x10°
Q.19 (1)
E = 50sin(wt — kx)

U, = %&:OE2

:%xs.ssxw12 % 25 % 107

Absorbsinfrared radiation thusit absorbslonger wave-
length of EMwave spectrum whiletransmitting shorter

=11x%x 108 Jm?
Q.20 (4)
E, =100cos(6x10°t + 4x)
8
speed = v=210 U3 0 —15x10°
4 2
. . C
Dielectric constant V- 2
KVPY
PREVIOUS YEAR'S
Q1 (A
wavelength.
Q2 (B)
VIBG|YOR

400 nm | 700 nm
Absorbed Refelected
therefore seen

56

=10°V/s

=1.83x107T

JEE-MAIN
PREVIOUS YEAR'S

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

(2)

)

my

‘/propagation

2

E=BxC

|E|=/B|.|C| =20x10°x 3x 10°=6V/m.

(3)
Both the energy densities are equal.

(4)
Option 4 Is Correct

(4)

Intensity of EM waveisgiven by

_ Power ESOESC
Area 2
—3
:%:lxgxlofszzx&dOS
10x10™ 2
E= /2x10°kV /m
=1.4kV/m
(3
Ei
E:C (1)
E_c
B, n (2
EiBf _
=~ EB,
E 1B
:> Ef Bf

/TN
=
Il
=
o
o
~—



Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

(2)
E=CB

2
E =10j cos(6x +8z—10ct )

_ 1, .~

B=E(—8I +6k) cos (6x + 8z + 10ct)
(2)
E_¢
B
(4)
o E

- C
= UE— _80E2

B2 E2 E2

- —= =—(gge) = U
U, = 21, ZMOCZ 2u, (Ho€o) E
(3)

The direction of propogation of an EM wave isdirec-
tion ExB.-

iA=]><B

= B=k

C—E :B—E [ L
"B T C T 3x10°

B =2x 10® T aong z-direction.

If we use that direction of light propagation will be

along Ex B . Then (4) option is correct Detailed
solution is as following .

magnitude of E = CB

Q.13

Q.14

Q.15

Electromagnetic Waves
E=3x10°x16x%x10°x /5
E=48x10° 5
E and B are perpendicular to each other
— EB=0
= either direction of Eis i—2] or —i+2j
from given option
Also wave propagation direction is paralléel to

E x Bwhichis —k

= Eisadong (—f+2})

(4)

Maximum Electric field E = (B) (¢)
By =(3x10°)c (-])

E, =(2x10°)c (i)

Maximum force

Fo =QE= qc(—3>< 10— 2x10‘6f)

Fomac =107 ><3><108\/(3><1o*5)2 + (2x10*6)2
=09 N

F
Fims = N 0.6N  (approx)
(3)

Magnetic field when el ectromagnetic wave propagated
in +z direction

B =B,sin(kz—ot)

where

BO = ifi = 2X1077
3x10

k= 2 _ 0.5x10°
A

o =2xnf =15 x 10"

(3)

E = E,hsin(ot +(6y -82))
= Eoﬁgn(wt+ﬁ.?)

wher T = xi +yj+zK

and kF =6y —8z

= k=6j-8Kk

direction of propagation

. ~3j+4k
s__k =

57



Electromagnetic Waves

e @ E-ExB
- ExB||v .
Given that wave is propagating along positive z-axis O Ul
and g along positive x-axis. Hence g along y-axis. V2
From P
Maxwell equation = (-J)
2
- — 0B
VXE=—— Q.22 (4)
o E__®B g =B B _102x10®
&z a NPT ¢ 2o
= B?=(1.02x 10%) x 2 ,
Q.17 (4
E | 1 —1
B—Z =C (speed of light in vacuum) Also, hoto =C == C?,
E,=B,C=3x10%x 3 x 10° 0
47x9%x10
=9NIC = B?= (102x 109 2x — o
E= 0sin(16x 10°x + 48 x 10°t) 9x10"
Q.23 (2
.18 2 .
Q @ ExB]|C-
E_¢
B Hence B should bein f direction.
E=Bxc 1
=15 N/c _ _
Also,E ,=B_C,C= Hoto
Q.19 (1) A
Magnetic fie!d vectors _associated with this = B = EyJlgeo Cos(kx)k
electromagneetic wave are given by 024 (3)
= E, - _ N oL _
B, =~k cos(l — o) & B, :%i cos (ky — o) ExB isaong &
F=GE+q(VxB) ExB=C
=q(E, +E,)+a(Vx(B, +B,)) LB = 50 (x4 9)sinkz— o)
c
by putting thevalueof E ,E,,B, & B, Q25 (3)
The net Lorentz force on the charged particle is Theoretical
F=qE,[0.8 cos (kx — mt) i + cos (kx —ot) j + 0.2cos Q26 (3)
(ky—wi) K] B =1.2x107sin (05 x 10°x + 1.5 x 101) K] T.
at=0andax=y=0 Wave is travelling along —x axisand B isalong + z
F=qE,[0.8 +]+0.2K] axis.
Vv
Q.20 (3) E, =B, =36
EM waveisin direction _>ﬂ E must bealong —y axis
V2
Electric field is in direction _ Q.27 [10]
ExB — direction of propagation of EM wave Since Resonance,
1
Q21 (3) “= JLc
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2 -
7 T e

9x10% x 10° 1
960x 960 ~ L x256x107°

4n2 x

375 x 960
T 10°® x4 x n? x 9 x 10'®

=10"H=10x 108

_10°
o

Q.28 (1)
f=5x 108 Hz
EM waveistravelling towards +7j

B=8.0x1027T
E=BxC=(8x10°2)x(3x10%y)

_24%V I m
Q29 (4)

N>

Length of Antena= 25m =

= [2. =100m|

Q30 (1)
In EMW, Average energy density due to electric
(U, and magnetic (U ) fieldsissame.

Q3 (3

t1 t2 t3
For t, —t, Charging graph
t, —t, Discharging graph

Q.32 (6)
= E Y :Vosin(znft)
<~ p pd pd
g

J,= A

_Ldg _CdV, &V
Adt ~ Adt ddt
80¢, d .

_ dgoa[vosm(ant)]
80¢,

5 V, (2nf )[cos(Zﬂft)]

Now, according to question
J =10 x ],

Electromagnetic Waves

V,sin (2aft)
pd

tan(2nft) = 10 x 80g, x 2n f x p

80
=10" %VO(an) cos (27 ft)

10" x80x fxp

tan(2nft) = o

tan (angooxij 10 x80x9x 102 x 0.25

800

( on j 10*
tan — |=——
4 10
107

10°

10° =10*
X=6

2x9x10°

1

Q.33 (3)
E=BC=6

(Dir. of wave) || (E x B)

A A

i=]xk
E=6jV/m

Q.34 (3

Q.35 (3)
Q.36 (4)
Q.37 (4)
Q.38 [354]
Q.39 [500]
Q.40 (3)
Q.41 (1)

0
Xlgl =10®m/s

2
Speed of wave=

L 3x108
Refractive index = 0 =3

Now refractive index = /e,

3=¢(1)

=¢=9
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