Ray Optics and Optical Instruments

SOLUTION
RAY OPTICS AND OPTICAL INSTRUMENTS

EXERCISE-lI (MHT CET LEVEL)

Q1L @
Q2 (3 A Prism angle
Q3 A Angle of
Q4 (3 . —>minimum
Q5 @ . deviation
Incident->£f Y \(e—sangle of
hlZi-l-&:d[i-i-ij ang|e N emergence
He Mo He Mo
Q6
Q7 @
Q8 @ 5 ¢
8'20 8 the angle of minimum deviationisgiven as
Qu @ ., =1+e— A forminimumdeviation 5, = A
Q12 (4 o . )
Q13 (1) 2A=i+eincaseof §, | = €2A =2i
Q14 (1)
812 8)) |’1=|’2=E i=A=90°fromsmell’ law 1sini=nsinr,
sini=p__sin90° _ L nA=nsn 2 Zsinécosé—nsiné
Mg ST = Hims ~ M7 gni SnA=nsn’, 22 2
— e A
Q.17 C,=60 2C0S—=Nwhen A=90°=i
1 2
- r“d - Sin600 then nmin = \/E
i=A=0n__ =2
My, 2
o . T I5
3 Q24 (2
ho 3 Q25 (@
Q26 @@
M, = ﬁug = ﬁxl.S Q27 (1)
2 2 Q28 (4
=13 Q29 ()
Q30 (4
Q18 (2 Q31 (2
Q19 (3 Cutting a lens in transverse direction doubles their
Q20 (O focal lengthi.e. 2f Using theformulaof equivaent focal
Q21 length,
Q2 (O
023 @ i1 1.1 1.1
ff f, f, f
We get equivalent focal length asf/2.
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Q.32(3)
Q.37(3)
Q.42(1)
Q.47

Q.48

Q.49
Q.50
Q.51
Q.52

Q1

Q.2

Q3

Q.33(1) Q34(1) Q.35(4) Q.36 (4)
Q38(3) Q.39(4) Q40(4) Q4103
( )Q.43 (4 Q44(2 Q453 Q46(1)
1
fO -
fo0 of=d,

Also, f +f =20 (.- final imageisat infinity)
9f +f =20,f,=2cm,
o f,=18cm

)
X 122\

1000 D
« 1.22x5x10°x10"° x10°

10x1072
or x=1.22x5x10°m=6.1m
x isof theorder of 5mm.
)
)
@
@

Here

EXERCISE-Il (NEET LEVEL)

@
Distance between object and image=0.5+0.5=1
m

Object

| Image
By

T

-

|~ Virtual object

©)

i + 21 = 90°...(i)

i +21+90°=180°  ..(ii)

Q4

Q5

Q6

Q.7

Q8

Q.9

i+ 2l =90°

i +1=60°

r=30°

)

Mirror height = man height
160
===

80

@
When objects is at the centre of curvature C then its
imageisalsoat C

@
1 1 1
—_t—=—
v u f
1.1 1
v -40 -20
v =—40 cm

— —(-40
I e Y

40

@

- R
QC R
sin30° sin120°
or QC =Rx §n30 :3
sin120° /3
Thus

R 1
PQ=PC-QC=R-—~=R|1-——
Q=PC-QC=R-173 (@J
@

©)
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Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

PHYsIcs

0= d
(15/2)

d:6><E

2
=8.7x75x%x 108
=6.5%x102cm
©)
m:_X:3:__V

u -u
u=3u (1)
u+v=80 ..(ii)
i, 1
vuTT (1)
from (i) and (ii)
v =60, u=20

Putting in equation (iii)

1.1 1

=—t+—
f 60 -20
f=-30cm

f =10 cm
R=2x10=20cm

@

n,sin6, =n,sno,
n, _snb,
n, sno;
M _Vo _2
n, vi M
n_Vi
N Va

@

&)

@

velocity in medium oc

1

Refactiveindex

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23
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Hg > Hw > He

Vi > Vg, Vi < V¢

)
Hi
i =—
L
2H1 X gy X 4H3

M Mo M3

=4
Ho Uz Hy
)
t
6= =2 , £.=9cm

2

4—t—1 t.= 6cm
T 15t

t+t, = 15cm
@

Total Internal Reflection
&)

A =3500A,2, = 7000A
sin (x) n_=sin (y) n,

_ sin(x) ny }‘x

Sin(0g ) =— =—=—"
(E) sin(y) n, Ay
nlx 1 =0T
ky 2 6
@

@

Colour of light is determined by its frequency and an
frequency does not change, colour will also not change
and will remainsgreen.

)
Sin[(8yn +A)/ 2]
STINE)
- (60+30
Sn[ 2 j_le_\/E
sn(30) V2

©)
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d . I 3l
Q24 (1 diameter E iscovered. - | '= —ZZZ
J2 sin30°=sine
e=45°
Deviation =45°—-30° =15° .. New focal length = f and intensity = Z
25 2 Q31 (O
Q @ Q32 @
oy Q33 (2
r,=sin LuJ =45 Q34 (4
r,=A—r,= 75°—45°= 30° Q35 ()
L 1 1 1 d
sini -4y~ -0
Sinrfﬁ — sini= 3 sin30= f 1, 1, ff,
1 1,1 d _
V2 x 5 o= T 25 20 -500
_20-25_ d
Q26 () ~ 500 500
1 3 d=5cm.
13 _ Lt 1 1
V 2x30 +20 V. 40 20 40 Q36 (1)
40cm. P=P+P,
=+4+(-3)
Q27 =+1
1 1.1 Q37
v u f P =P +P,
L(i) _1 1
v \=5) 10 P=1,
v=10cm
Im| = 2 (magnified) Q.38 (4
f* of diverging = —ve
Q28 (2 1
P=—
Q29 (O f
If be the equivalent focal length, then 1
1313, (2.2 s
Ff fhF 270 R P=-25D
1 1 — Q39 ()
+(uz _1)(—_R__j:ul—R“2
_ (uv _ur\
= R ®= L IJ'y _1J
H1—Ho
Q40 (3
Q30 , (3) 8oc(pn—1) = pg isleast 0 55 isleast.
By covering aperture, focal length does not change.
Q41 4
1
- ity i = 5,0
But intensity is reduced by 2 times, as aperture (4) We know that . f— o
mean
= Angular dispersion=3 -6 =0=wd__,
Q42 (2
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By constitution of simple microscope we can
observe it

Q43 (4

D) [ 25)
=|1+—| = |1+—]| =
MP [ f 5 6

Q4
In normal adjustment

_fo
f

m=
e

SO 50:—@ = f,=—2cm

e

(-~ eyepieceis concave lens)

andL =f +f =100-2 =98cm
Q45 (2

v = magnifying power

D
= 1+—
Y F

Q46 (1)

EXERCISE-IIl (JEE MAIN LEVEL)

Q1 (@
All the reflected rays meet at a point, when produced
backwards.
O ]

Qz (¥

Irrespective of the type of mirror.

Q3 @

PHYsIcs

Q4

Q5

Q.6

Q.7
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incident ray

" final reflected ray

fina ray is |l to first mirror.

(©)
If imeintheclock isT, & timeinimage clock is T
then.
T,+T,=12:00: 00
4:25:37+T, =12:00: 00
T,=07:34:37

2

©)
Taking first reflection by A.

A
E
L I 0

+“—>
15 cm 15¢cm 5 ¢
55 cm

Taking first reflection by B

g I

+—> 15 5 B
44—
25¢cm A em o cm 45 cm

©
o
o
3

V{00

o

31
o

t
o]
3

L,

TIRTTITL

I,

©)
4 m/sec
0
V —
20 cm
f=12cm

i1 1011 1.1 1. 1 1
f v u-12 v —-20 v 20 12
=-30cm
velocity of image
av__ (V2] du ~30Y
at 2|t = [_—Zoj . =—9 cm/sec.

= 9 cm/sec away from mirror.

@
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f=10cm
?I\mm/sec
0
15 em
11,11t 1 1 2-3
fvu:>—10v—15:>v 30
v=-30cm
_1_ v =0
M=0""u ~158°
A2 D
dt dr - mmisee
Q8 (3

Using Newtons formula. x — distance of object from

focus
xy = f2 y — distance of object from focus
f — focal length.

by = (a/2)? a?
= by =( )’V‘E'
Q.9 ©)
T
Q10 @
b _ v
O " u

I
If Oand| areon samesidesof PA . — will bepositive

O

which implies v and u will be of opposite signs.

I
Similarly if O and | are on opp. sides, — will be -

e
ve which implies v and u will have same sign.

\%
IfOisonPA,I:[——] (O)=0 = Ilwillaso

u
be on. PA.
Qu (2
1 1 1 1 -1 1
_— 3_:__}__
-f —-v -u v u f

Q.12

Q.13

Q.14

Slope=-1

| £
"\

Takingu=—-2f & f = +f

1
intercept = T (positive)

@

1,11
v u f
r,1 1
v -2f f
11,1 241
TV TF T 2f T of
v _=2f/3 1
M=~u ™ "2 73
@)
Magnification is—3 becauseimageisreal & inverted.
-V
m=—
u
-V
3= —
u
v = 3u.
given u = =20 cm
v =60 cm

—

By using mirror formula

1 1 1
60 20 " f
f ==15cm
)
Us i f I i—i
sing mirror formula ho = G
G h 1 v
iven he ~2° U

u
hencev-—i
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given
u=-40=v=20
Using mirror formula

1.1 1
40 20 f
1_ 1

f ~ 40

f =40

convex mirror with focal length = 40 cm

Q15 (1
Incorrect statement
A concave mirror forms only virtual image for any
position of real object.

Q.16 4
Given — =12 = y =42
from ~+ - =1
rom =7
S 11
“2u u -f

after solving u = -30, —10 cm

Q17 (3
i=2r
lsni=nsinr
= 2sni/2cosi/2= nsnil2
= cosil2 = (n/2)
= i =2cos? (n2)

Q18 (1
4 nquartz 2 3
nquar[z =2; nglycerine -3 = nglycerine T 4/37 E
= urel
18cm
Glycerine Glycerine
szrver Object
ng N n,
d, d,
1 1
shift =t [1- j =18 (1——] =6 cm
[ Hrel 3/2
Q19 (3

From the formula

PHYsIcs

Q.20

Q.21

Q.22

Ray Optics and Optical Instruments

Appartent depth n
Real depth n

air

glass

air

Apparent depth = Real depth X
glass
The letter which appear least raised has maximum
Apparent depth and henceit hasminimum p for glass.
1

m_
Sy

for u to be minimum A should be maximum which is
for Red.

(@)
y y_4 _ dy 4dx
X x 3 — dt 3dt
= 8 m/sec
©)

In order to find the minimum diameter to block all the
light we need to find the maximum radius of thecircle
formed.

4

no=" s 2 =0
an —4:>sm 5 =
tant — =0 :L-E

4 4 4

[For radius to be maximum 6 = 0 ] = r=3m
Diameter =6 m

Q)
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R 60+e—-30=30
tan 0. = 1 (0] e=0
Q26 (1
For minimum deviation
n=rn=r=2=A

A ray of light intering at 90° from rarer medium makes
an angle of refaction equal to critical angle in the
denser medium and critical angle is given by

3 r= Al 30°
0, =sin* 7 2
Now from Snell’s law
3 1sni= 2 sin30°
0. =tan*—=z .. 2
c V7 @ i = 45°
Equation (1) & (2)
3 R R 12x3 2z
= — = =
V7 T 12 7 Applying Snell'slaw on surface of incidence 6 = sin-
Q23 (3 (sin60j
1| ——— e,
3 eg& 5 5 600

¢ = 180 — [60 + 0]

¢ =180 - {6004. Sin_{Sirl/%OOH

= 180° — [60 + 30] = 90°

Q28 (1)

Radius of
curvature = 20cm

Q24 (3 \
UsingA=r, +r
9 v W’FZOcm
\Object
r,=30°
Considering refraction at the curved surface,

u=-20;u,=1

M,=3/2 ;R=+20
v = Lop H Hp —H 1 3/2
T Polying - = TR = T Ty
lsini= 2 sin30°
i = 45° 1-3/2 V=10

20
i.e. 10 cm below the curved surface or 10 cm above

Q.25 the actual position of flower.
Q29 (1
1 1 1 1 1 1
S=(u-1 | ——— —=Q15-1)|—-=
s )[Rl RZJ = o5 )[2R RJ

§=30°=i+e-A
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2111
-24 2 2R

R=6cm=2R=12cm

=

2R
Q30 (3
1 1
_ (u=1 | ——-— .
p=(n )(Rl Rz] (i)
L | B
o= [ [ w)
..... (i)
P _w=-Dp _ Plu-up)
Po (n—po) "o~ po(p-1
Q31 (1)
111 .
v u  f ~()
Y,
m= )
from (1) and (2) m= Tru
18 .
herem=— > =—9{only rea images can beformed
on the screen, which is inverted}
b
~9% Y110
© —9f+90=f
10f =90
f=9cm
Q32 (O
GivenR, =09 R,
1.1
fa fo
2 2
163-1) 5 = -1 5
( ) R, (Xg—1) Ry
X =17
Q33 (2

PHYsIcs

Q.34

Q.35

Q.36

Q.37
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Therayscoming frominfinity parallel to principal axis
and paraxial meet on focus after refraction and the
rays originating from focus of the lens originate
paralel to principal axis afer refraction.

A A
> _\\
/ —>—
— 30 cm
AL v
G
A:fB:fCana :PA:PB:PC:Pnet =P
@
1
Using the formula P = W
p, = 2D
_ 100 _
f = — = +50 cm
f,=-10
f,=-100 cm
1 _ F _ l}
fecl fl f2
1 _1]_|2-1 1
|50 100| " | 100 ]| T 100
f =100cm
eq
G
f1 fz fm
10\ /15 15/\15 15
n=3/2 n=4/3

18cm

So, the combination behaves as a concave mirror

@
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-2 11 f
40
L _i_i -3-5+ =0
-10 ~ -R f, f
f=5cmAns.
2.1 2 _56-20 3
R 10 56 560 560 Q2 002
118 Final image at 2f = object isat 2f.
R 560
LY ==
(-1 560 = 56
for mirror, imageis 2f behind.
n-1 = 10 = objectis2f infront.
18 = forlensu=—x;v=-2f
10 28 14 1 1 1
“:l+—:—:— —_——— =
18 18 9 v u f
Q38 (2
Using formula lzl.;_i:i
nn e, x f 2f 2f
7 -1 2f  2x18
X=—7— ="~ =12cm
_1.56-1.44  1.56+1.44 - 3 3
©="15-1 T 2
Q3 16
0.12 ; ey —_
0= 5t - 024 Inone caseimageisvirtual (u=—15cm)
Q39 Inanother caseimageisrea (u=—-40cm)
1.6333-1=1.6161=0.0172 uf _10f
n-1 Vl= =
1.6333_1.6161 u+f —10+f
: - =0.276
1.6247 -1 Vo = —40f
Q40 (2 _ N | 2 —40+f
Ray of Red light bends minimum because it has In both situations, sign convention is opposite
maximum A & minimum . =V,=V,
-10f 40f
:>V2= =
EXERCISE-IV -10+f —40+f
f=16cm
Q1 5cm Q4 0180
1 1 1 1 1 -2 1
T f Tf T f =T +37 f =
—df —df; df, dff
B S R P
O O 0, O
=1, 72 73
F £ f, f,
10

for achromatismw =0

—-0.066 0.055 0.040
- + =0

Mut Cer COMPENDIUM
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1 2 1 X
= 30 f2 =f =60cm NS=x 4/3 —4cm
v o
m=-2= u 5cm
/] :
\J l b ats X 5 3x
LaA5+x——7 =5+ —
oM aSTXT Y 4
_v x
u= — Imageat 5+ 7 behind mirror.
2
X 3X 3X
11 =i :i Finalimage:5+x—z +5+7:10+7:250m
v u fL 760
x=10cm
1 2 1
ot = Q8 0010
v u 60 Refraction plane surface
v=180cm
A hHr 20x3/2 %
5 0009 '=h 7 =—————=30cm
Q it 1
Vi=Vs _Vo—Vs Mirror
4/3 1 1 1 1
—_—t—=— =
v, v u f
1 1 1
_t =
4 4cmis v -45 -10
90
V= —7 from poleof mirror.
v = 4vy Distance of abject from plane surface
=
S e 90 _105-90 15
I A A
v,—vf=16=§v0+4=16
My
4 Refraction at plane surface x=101'=17"
S V=12 =vy=9cmis Hi
3
15 1 10
Q6 0050 X=l'=s X —F—=—7 = 7x = 10
1 15 7 312 7
NS=15 (1— E) = E =5cm (location of final image from plane surface)
Q9 0002
Mirrorisat 50—5=45cm The"Scotchlite" sphereisaball of index of refraction
= Imageis45 cm behind the mirror. n, whose rear semi-spherical interface is areflecting
Final image=-45+50-5=90cm surface. The focal length in the image space, f, for a
singlerefractive interfaceis given by
Q.7 0010
PHysIics 11
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nr

= n-1

of the whole object. However, as the area of the
reflecting surface has been reduced, hence the
intensity of theimagewill be low.

where r is the radius of the sphere. The index of Q.35 (2
refraction of air isunity. Theindex of refraction of the Thegiven situation isshown below
glass is chosen so that the back focal point of the
front semi-spherical interface coincides with the apex _
of therear semi-spherical interfacei.e,,
f=2r
Hencen=2.
Q.10 o001
4
4 1 5 -1 Water surface
v -30 &5 From thefigurewe can seethe light from the LED will
not emerge out of the water, if at the edge of the disc,
theincidence angleis greater than critical angle.
30" ie,i>C
or sini>sinC
Now, if Ristheradiusof discand A isthedepth of the
LED,then
4 1 1 1 . R dscC 1
=T - =< sini= 7= 5 andsicC= —
3v 15 30 30 VR® +h? H
v=40" = u=35" From Eq(i), wehave
1 4/3 1-4/3 R Llgp.
v _+30 -5 R%+h* " 1 Yr-1
1 6 4 Q36 (3
v 90 90 The angle between any two linesis equal to the angle
v=9" between their perpendiculars.
distance from observer = 21" . 1=30°7
From Snell’slaw, we have
QL @ 1 sn3e°
Q12 (1 15 sinr
QI3 (@ — §r=0.750rr=48.6°
Qi (I .. Required angle between two emergent rays
Q16 (3 =37.2°C=~ 37°
, Q37 (3
PREVIOUS YEAR'S For dispersion without deviation
MHT CET A _p-1
Q1(2 Q.2(4) Q.3(2) Q4(2 Q.5(1) A p-l
Q6(3 Q.7(3) Q.8(2 Q.9 Q.10 (3)
QL) Q123 QI3(2 Q4@ Q152 4 _172-1_072
Q16(4) Q17(4) Q.18(2) Q19(2 Q.20(2) A, 154-1 054
Q21 (2 Q24 Q23(1H) Q244 Q25014 4054
Q262 Q272 Q284 Q294 Q3001 = A= o3
Q31(1) Q324 Q331 0.72
Q34 (2
The law of reflection is true for all points of the Q.38 (3 . .
remaining part of tghe mirror, so theimagewill bethat In the phenomenon of refraction, frequency of light
12 Mut Cer COMPENDIUM




Q.39

Q.40

Q.41

PHYsIcs

remains unchanged.

@
Given, u, =+/3, 5, =A
Asweknow, refractiveindex of prism,

_Qn(AESm) @ZQH(A;AJ

H=7"A = A
2

- —— 2 2 (.-sn20=2sin0 cos0)

V3 A

= cosA =—=00s30° = — =30°
2 2 2

or A=60°

3

Thelinear magnification of objectivelensis

M=y - 0

1 1 1
Using lensformula, VTR = T
0 0 0

= — Uofy
fo+U,

1_1+1:u0+f0

vy fo Uy uf,

= or Vo

Putting thisvaluein Eq. (i), we get

_ fO
fo+ U,

0

@
Given, path of ray through different medium are as
shown below

Itisclear that, 0,>6,>0,0rsin9, >sin6,>sino,
o ny>np>n,

Ray Optics and Optical Instruments

Q42 (2
Since, refractiveindex of amedium can be given by
_ red depth
H apparent depth
Real depth
= Apparent depth = T
al d h i + i =d {i + i]
 Total apparent depth = Hio My Ho My
Q43 (I
The deviation produced in aprismis given by
5= (;,L —l)A
where, A = angleof prism.
3 A
ir. 0, = -1JA=|=-1|A=—
Inair, %a (aug ) [2 ) >
....... 0]
allg
Inwater, 6W_(wl"lg _1)A_[ u 1]A
3 3 A
=| =x—-1A=— i
( 2>< 2 j g e (i)
5, A 8 .
FromEgs. (i) and (i) we get S_ZEXK:A":L
NEET/AIPMT
Q1L (1
f0
For telescope, angular magnification = r
E
So, focal length of objectivelens should be large.
D
Angular resolution = 1200 should be large.
So, objective should have lare focal length (f ) and
largediameter D.7
Q2
To see the rainbow the sun should be his backside.
Q3 @
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H + R1:+200m
Medl EI’ R,=—20
. 2= an
Medz/éi
Angle of reflection 90°
Q4 p=(§_1j(i+ij
2 02 02
fof
| ==(15-1)2/R _E(AJ:E:%D
fq =1, 2\02) 2
111 2 12 1
f, f f f I *R"R u=1 60°
o fRL_11.1 1 0
1=3"2 1 ;"R R R R Air
_ 90°
) ) f,=R ) =3
with glycerin : focal length of concave lensisformed
e e e
2 Method (i)
By Snell’slaw
82 g)) 1sn60°= /3 sinr
Q7 V3_ 2.
— =4/38inr
Q38 )] 2 V3
Q9 @ 1
Q10 (@ sinr=§
p= —=>ux= r=30°
u n Angle between refracted and reflected ray is 90°
Method (ii)
sini _He _Up Because angle of incidenceis Brewster’sangle so that
Mo  Ug angle between reflected and refracted ray is 90°
. . . (3 tanip: HZ\/E
Critical angle lc=9n 1 _ _
Mg U, 15 3
sni.="" T T 577,
€ pp U 2 4 JEE MAIN
3 Q1 (10)
iczgn—l(zj
Q1 @
Q12 (2
R,=R,=20cm=02m = + +
_3
H2
f, f, f,
1 1 1
P="=(p-1)| =——— =f =
f (w )(Rl Rz] f,=f,=15cm

14 Mut Cer COMPENDIUM
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t= 4\/§x\/§ =12cm

Q3 G
1_(3 1)(1 1 J_(lj(zj for total internal reflection, | > 6,
15 |2 R (-R)) (2){R Also, p=/u €,
R=15cm

p_R_\/lxl_l
i:(n—l) 1_1 By 4x1 2
f2 R1 RZ

4 1 = sineczﬁ
= Hp
(1.25-1) (15 15} )
SN, === 0, =30°
i_(ozs)(—ij , 2
) 15 i >30°ray getsTIR
f,=—30 I;GO (TIR)
f,=f,=15cm Q4 ©
, c
:>i:i+i+l:i _1 1 _2-142 Using k="
f f, f, f, 15 (30) 15 30
1 3 V_E
:f—zﬁjfm—locm o
e
3
Q2 (1 sz:ﬁg =20.4x 10°=20.4% 10 m/s
TV, =V, =26x10"m/s
5V, =(20.4+26) x 10'=23x10"m/s
7
. b:V_Azzg’x—lo7:1_13
T, Vg 20.4x10
Q5  (210)
Q.6 [9]

C: Criticd angle
d=tsecrsin(i—r) -
By Sndll’sl

y=nelsiav W= 43
1sin60°= +/3sinr h={7 m
gzﬁs’nr

tan C:L
1 h
snr=s r=htanC
r=30 1 3
d =t x sec 30 sin (60—30) S“C-r;

2 1

4\/§:t><—><— 3

J3 2 tan C=—

J7

3
r:ﬁx_:

J7

PHysics 15
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Areaof surface=nr? = 9um?
Q7 @
i=2r
sni ><n1=smr><n2
. .
sinix1= smEx\IZn

sini _
——=+2n

sin—
2

Q8 (D

P,=P/2 F=F/2

Q9

rarer
densor

Q.10

Q.11

Q.12

No change in frequency but speed and wave length
decreases.

@
Angleof prism=A
u=CcotA/2

i (A +5mj
sin
_ 2

~Sn(A/2)

. (A+6mj
sin
A\ 2 )
2

sin(A/2)

n A +0m
cosA/2 _ 2
SinA/2 Sin(A/2)

Sin(go-ﬁj - Sin[A+8m]
2 2

8m=180—2A
(22
p=1.5
............................ v
curved oA I,
surface <«
\/7.50m
15cm
D=30cm
R=15cm
I$refraction 2"surfacerefraction
Mo My _ Mol H B Moy
vV u R vV u R
pw=15pu=ar=1 p=1pu=15
15_1_05 1.15_05
v o 15 v 15 15

... distance from centre of globe at which light rays
convergen=(R+7.5)cm

=(15+7.5)cm

=225cm

=225mm

@

We known that

Cc
p=—
\'

Mut Cer COMPENDIUM
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Q.13

Q.14

PHYsIcs 17

using this Q.15
_ 3x10°

Ha = ox108

_ 3x10°
1.5x10°

1.5

Mg

For light going from B to A, For TIR to occur the
angle of incidence must be greater than critical
angle. u,sinC=p, sin90°

3
2sinC=—x1
sinC 5

=sin C=§:C=sin‘l§
4 4

For TIR

6>C:>6>sin"1%

@

Q.16

R

Fromthelower drop thered light will bebelow theline
of sight and from upper drop violet light will be above
theline of sight.

So red colour at the top and violet colour will on the
bottom in primary rainbow

@
t,-t, =5x10"sec
d d

— ——=5x10"°
Vg Va

d [V—A—ljz 5x10°°
VA VB

i(h— j:5x101°
Va \ Ha

9 (2 1)=5x10™
VA

d=5x10"V, Q17

Ray Optics and Optical Instruments

B
uUu=240 =12 f—@_@
=240cmv=12cmf=— ==
111
f v u
1,1
12 240
1
shift:t(l——j
1)
£:_20+1_1(1_i
f 240 3/2
_3-2_1
3 3
il B 1 11
Vi=lem3 73 u' v'of

3 7 240-245

T35 80  35x80

1 5
0 = 36<80 = U =560cm
u =5.6m
shifted=5.6-2.4=3.2m
(10]

60cm 10cm 20cm
1 1 1
lensformula———=—, U=-60,f =20
v u f
1 1 1
—_———t—
v f U
_ fu _ (20)(-60) _ (20)(-60) _ 30em
U+f -60+20 -40
v=30cm

According to question final image formed at
combination coincides the object itself, so this is
happened when ray incident on the centre of curvature
of convex mirror.

So, U =20cmandV aso be20cm, radiusof curvature
of mirrorisR=20cm

f=R/2=10cm

[10]




Ray Optics and Optical Instruments

Q.18

R -R R
R=2(u-1)f
R=2(1.5-1) xf
R=f (1)
Fromgiven graph
111

u v f

%:(M_l)(l_ij:(u—l)z

y—X_l
O f
1 :
y= x+(f—j = Interceptonyaxis

1
i 0.1 Fromgraph
=L _10

0.1

[R=f =10cm|
@

velocity in any medium is inversely proportional to
therefractiveindex.

B M 15
mov, 2

B2 g

Hy

Sl <My

So for critical angle light will go from denser to rarer
i.e.,, Medium 1to Medium 2. Now,

v

Using thisrelation, we get tanC = ﬁ

Q.19

Q.20

Q.21

Q.22

Q.23

Hencethe prismisequilateral, so angle of prism =60°
Thereforeon 1% surface angle of refractionr,=0°.
r+H,=A

=0+i,=60°

=i,=60°

On second surface, i, will be critical angle. Applying
snell’slaw on second surface, we get

1,SiNG, = usino,

:>§sini2 =nsin90°

3 _3B V21

2 4 4

@

3
2

u
Resolving power < Xmed
med

(R'P')ZZE: H med x ﬂ :&x ﬂ :HZ :i
(R.P.)l 1 (A Mair par \ Ay /g, "1

@

Sna = 81 _62

5= (1L5-1)6°—(1.55-1)5°
=30-2.75°=0.25°

1
X

=——=x=4

@

SAHE _C ) =

<o
<
1l

Mut Cer COMPENDIUM
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Q.24

Q.25

PHYsIcs

Ray Optics and Optical Instruments

f, 1 _-80+100
m=s_ v 80x100
f _ 80x100 — 400
2=7 =f,=2, VT RN
f, Q26 [15
Sof,+ - =30 v.u' =225
¢ =20 2 we know that
=20cm
0 f=Jvu
@ =4/225
=15cm
Mo i_i .
P= 'l (TRETH) R, R2 (For thisformularefer to Q27 (19
NCERT Part-2, Chapter-9, Pageno 328, solved example A =431 -3J3j-5k
8 ' .
(v, isrefractiveindex of lensand p, isof surrounding Iy : Medium 1 M,
medium) i =2
1.1 '
125=(15-p,) 02 04
1.25x0.08 15 Q Q
06 (1OTH) Medium 2 M,
4 r Mo :‘B
=W, =73 R
[400] o .
R=200cm K, Sini=psinr
V =2cm/s Asincident vector A makesi anglewith normal z-axis
p(())sition of object after 10 sec & refracted vector R makesr anglewith normal z-axis
u = 100 — distance covered with help of direction cosine
u=100-2x 10=80cm
f :E:@:]_oocm i:COSl(%j:cosl - 5 2
2 2 \/(4\/5) +(3\/§) +(5%)
u=80cm
sign conservation (5 )
f=-100cm =CoSs [EJZMZGOO
u=-80cm
111 1 11 J2sin60=+/3xsinr
=t == r=45°
vou v o f Difference betweeni andr=60—45=15
Q28 (3
% i =45°
2cm/s D=+
*—> 15°=45—-r=r=30°
n sini=n,sinr
100em 18n45°= P sin 30°
N d_ 2
2 T2
1 _u-f p=.2=1414
v fu
19




Wave Optics

WAVE OPTICS

Q.3

Q4
Q5

Q.6

Q7
QS8

Q9

Q.10

Q.U

Q.12

EXERCISE-1 (MHT CET LEVEL)

@

©)

Huygen's wave theory fails to explain the particle
nature of light (i.e. photoel ectric effect)

©)
= () = (T T =

= W+ = (T =1

©)
@

Lot & 1 a1
l, 25°"a& 25" a, 5
3

a_3

a, 5’

L _ (@ +8,)° _(3+5)° 16
Sl (&-3) (3-5° 1
@

Direction of waveis perpendicular to the wavefront.

@)
| o &

2
¢=n/3,a =4,a,=31

So,A= \Jal +ai +28,.a,c05) =A ~6
(O
Diffraction shows the wave nature of light and
photoel ectric effect shows particle nature of light.

©)

In interference of light the energy istransferred from
the region of destructive interference to the region of
constructive interference. The average energy being

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

always equal to the sum of the energies of the
interfering waves. Thus the phenomenon of
interference isin complete agreement with the law of
conservation of energy.

)
For brightness, path difference
So second is bright.

&)
Supposedlit width’sare equal, so they produceswaves
of equal intensity say I'. Resultant intensity at any
point | =4I’ cos’ ¢ where ¢ isthe phase difference
between the waves at the point of observation.
For maximumintensity ¢=0°=1__ =4I’ =1.....(I)
If one of dlit is closed, Resultant intensity at the
samepointwill bel’onlyi.e.l’ =1, (1))
Comparing equation (i) and (ii) weget I' =41 |

@

In the normal adjustment of young's, double slit
experiment, path difference between the waves at
central location isalways zero, so maximais obtained
at central position.

@

A
0 rE 6 can be increased by increasing A, so here A

has to be increased by 10%
10
i 0 = —x5890 =
i.e., % Increase 100> 589A
@

If intensity of each waveis|, theninitialy at central
position |, = 41. when one of the slit is covered then

|
intensity at central positionwill bel only i.e., ZO

@
)

Distance of the n" bright fringe from the centre x_=

nAD
d

_3xB000x25 _
=X T 05x10° m=2mm
()

Mut Cer COMPENDIUM



Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

PHYsIcs 21

@ Q.31
When white light is used, central fringe will be white

with red edges, and on either side of it, we shall get

few coloured bands and then uniformillumination.

Q.32
@
Q.33
@
-DtD
Shift inthefringe pattern x = %
15-1)x2.5x10° x100x 10
:( )x25x 7: . =25cm
0.5x10
@
In the presence of thin glass plate, the fringe pattern 1
shifts, but no changein fringe width. Q.
@
@
If shift is equivalent to n fringes then
—Dt t, n n
n= (Gl SNt = >t = ot
A t,n 2. n Q.2
t,= 2 x4.8=32
)= 3 X48=3 mm
Q3
@
According to given condition
(M=Dt=nA t,n=1
So, (u-1)t . =\
A4
o ?
b= 117151 "
Q5
S
It is caused due to turning of light around corners.
Q.6

@

Diffraction is obtained when the dlit width is of the
order of wavelength of EM waves (or light). Here
wavelength of X-rays (1-100 A) is very-very lesser
than dit width (0.6 mm). Thereforeno diffraction pattern
will be observed.

@

2% oo
29=F (where d = dlit width) As d decreases, 0

increases.

Wave Optics

@
Polariser produced prolarised light.

4

Ultrasonic waves are longitudinal waves.

@)

When unpolarised light is made incident at
polarising angle, thereflected light is plane polarised
in adirection perpendicular to the plane of

incidence. Therefore E inreflected light will vibrate
invertical plane with respect to plane of incidence.

EXERCISE-Il (NEET LEVEL)
(©)

Contrast indicates the ratio of maximum possible
intensity on screen to the minimum possible intensity.

i+ 1o f

S s

so it only depends on the source intensity.

)
Amplitude depends upon intensity and phase
difference.

@

In interferene there should be two coherent sources
and propagation of waves should be simultaneously
and in same direction.

©)

In transverse and longitudinal waves.

@

Wave nature

@
Givenl;:1,=100:1

K

L Tt
| = (Jﬂ+\/ﬂ)2 =(10+1)2=121
(E—Jﬂ)z =(10-1)2=81

Imin

I
I”ﬂ:lzl:sl

min




Wave Optics

Q7

Q.8

Q9

Q.10

Q.U

Q.12

Q.13
Q.14

Q.15

Q)

In coherent sourcesinitial phase remains constant.

@

Phase difference changes with time.

@

Wave front.

©)

Frequency remains constant wave length decreases.

@

_3x10°x100

= f 5

=15x10"Hz

@

AD
weknow that = a9 &N, >A

'yellow blue*

= as A decreases, so 3 also decreases.
@
@

©)
Letstake any genera point Sontheline AB.

Clearly: for any position of SonlineAB; wehavefor A
PQS

PQ + QS > PS{in any triangle sum of 2 sidesis more
then the third side}

= PS-QS<3\.

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

AsPS—-QSrepresentsthe path difference at any point
on AB = it can never be more than 3. Now minimas
occur at.

A 3L 5A

5 only.

so 3 minimas below R (mid point of AB) and 3 also
aboveR.

®
Ax=(z4_1)§=%y

DA
y=(2x—1)z

22
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Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

PHYsIcs 23

Q.29
= I' =4l cos’ %"’ =2l

&)

l,=4l

Intensity due to one
_dy 2n

M =5

_0.25x107°x4x107 2n
100x 1072 6000 x107°

Ad=T7/3

Q.30

31,

4

N|wla

I"=1,cos’

€)
0.3x10°%xsn30°=nx500x 10° = n=300
. 299+299+1=599

@

@
For strong reflection.
A 3L 5h
zut:_x_v_ ......
_ g 2 At dut
= A=4ut, 35 7

= 3000 nm. 1000 nm, 600 nm, 430 nm,333 nm.
= only option is600 nm.

)

nA.D AgD
g = (+1)=5 Q.32

= n.7800=(n+1) 5200

= n=2

Q)

Q.31

ai2| 2d/3
42 P¢ y=2d/3 - df2
0

Wave Optics

we know that P will be the central maxima (at which
path differenceis zero)

d d

d
Now OP= 57376

©)

Fourth maximawill beat y = 4.

40D
Y=g

as A, >A

Green blue

= BGreen>Bblue
= X >X

Green blue

X(blue) 4360
X(green) 5460

Also get

@

| e P$5mm.
|’ P

Clearly the central maxima at P(initially) shiftsto P
wherePP =5mm.

So now, path difference at P must be zero.

= dsind=(u-1)t

= dtanb=(u—-1t

d.(PP)
Dt

p=1+ ;getu=1.2

@
D
B="4

Inwater A sOB

©)

21 =4l cos? %q)




Wave Optics

Q33 (@ Q.5

Ax:(2n+1)%
A
M= (4 0) (1, £)=(@n+1) 5

EXERCISE-IIl (JEE MAIN LEVEL)
Q1 (¥ Q6

o= W = (T =i
= 1) = () =

Qz (3
Contrast indicates the ratio of maximum possible
intensity on screen to the minimum possible intensity.

R ey

R

so it only depends on the source intensity. Q7

Q3
y;=A;sin3ot, f;=0

T
y2 = AZ cos (3(,0t + g]

. T Y Y Y
Yo =A,sin (§+3wt+gj, f2=§+€
Df=f,—f,
A¢_£+£_3n+n_ﬂ_2_n
2 6 6 6 3
Q4 @

Givenl;:1,=100:1

L =10
= (VI + T, )| =(10+1=121
(\/ﬁ_ﬁ)z - (10-1)2=81

Imin

max
1 = 121:81
min

Q8

@

Wave front.
@
130 _
- =0.13
20
-
m
— e e e e e ] e e e -
________ A A2
132/2
8
= 1= 2210 400 -y 5100k
@
AD
AsA << d; wecanwe B= o
500x1079 x1
wegetp = % =0.5mm.

As B isnot very small; hence it might so happen that
till 2000t maxima, we no longer can apply

y' =1000x% f3.

Lets seeif we can apply:

At 1000" maxima. Path differenceis1000 A.

dxy

= 1000A=dsnd = ’D2+y2

= (6x107)="5 V2

1
0.25

2=y2(1— = _E D

= 0.25D%?=y?(1-0.25) =y (0_75] x
D

y:ﬁ:0.577m.

As0.577 m. and 0.5 m. are quite distant, so we could
not usey’ =1000 3 for such ahigh maxima.

4

Letslook at the screen.

24
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Q.9

PHYsIcs

minima

75%
maxima
75%

minima

as we know that 75% intensity will correspond to a
point whereintensity is3 1.

{o =410
L=l 1o+ 2,/Ig |1y cos(Ad)

3l,=2l,(1+cosA¢)

Wave Optics

"I
. ‘{' R (mid point)
Qg
I
Al

Clearly: for any position of SonlineAB; wehavefor A

PQS:

PQ+QS>PS {in any triangle sum of
2 sidesis more then the third side}

= PS—-QS<3\L

AsPS-QSrepresentsthe path difference at any point
onAB = it can never be more than 3A. Now minimas
occur at.

La s
> only.

so 3 minimas below R (mid point of AB) and 3 also

1 aboveR.
cos(Ad;):E
Q10 @
A -2 2 z 2 +E A
¢—3,n—3,n g e |’:4|C0827¢
_A L A A o _ 1 Ap _ 1
Ap—6,7\._6,}\,+ yrrarsnsnanan :>COS27:Z:CO57:i§
2x dy dy 1
Ap =221 ey 12
ap= 8 = M=5D A "2
D
ndy .z _ ., _AD
= D 3777 3d
|31, QUL (3
—————— ? 1,=4
____ y .
T J Intensity due to one
1 d. 2
o o=l
_0.25x10°x4x107° 2n
- 100x107? 6000x107*°
yd A D Ap=m/3
xr_Z =X
D -6 YT g .
. 3 3l
B B B I —|OCO§7—TO
= — —_— + —
y G’B 6 1 B 6
Q12 @
L D 6000x1071%x1 02 g
== X—T=—————F—— =
y 6 d 3x1073 -=mm —yxﬁzAd)
D A
&)
Letstake any genera point SonthelineAB.
25



Wave Optics

= A0 Ay _ 1
= 2| =4l cos? 5 — COS ==
Ap_n _dy 2r_=n
2 _4 = D . % _2
1><10’3><y 1 .
= 1x500x10" 4 = y=125x10"m

Q13 (3
0.3x10°x §n30°=nx500% 10° = n=300
. 299+299+1=509

Q14 @

, Q.18
/A
S,P—S P=n\ = const.
= equation of hyperbola

Q15 (@

ar2| 2473
42 P$ y=2d/3 - df2
0

we know that P will be the central maxima (at which
path differenceis zero)

d d

d
Now OP= 573" %

Q.19

Q16
Fourth maximawill beaty =48.

4).D
=>y=—g

as A >

Green blue’

= BGreen>Bque
= X > X

Green blue

X(blue) 4360
X(green) 5460

Q.20

Also get

Q17 (@

| T :]:5 mm.

Clearly the central maxima at P(initially) shiftsto P

wherePP =5mm.

So now, path difference at P must be zero.
= dsing=(u-1)t

= dtanb = (u— 1t

_y, 4PP)
H= Dt

;getp=1.2

)
Aswe know, at the point of 75% intensity

-1
cos<1>—2
2t po & 5t 7m 1lm 18n
= T3z 333
A S5A 7A 11h 13M
= W-D=%% %66 6
A 51 s 1 13h

= 1= 8u-1"6(u—-1) 6(n—1) 6(—1) 6(u—1)

=02pum; 1um,L.4um, 2.6 um.......
Henceonly 1.6 umisnot possible.

_ Ad
2I—4|cosz2
Ay 1 A _m
— COS > = = 2 ~ 4

A 2 4
@
dy
‘(Zp—l)t—(p—l).zt‘zﬁ
_dy _,, _tD
t= D =Yy= d

26
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Q.21

Q.22

Q.23

Q.24

PHYsIcs

)

AX=(2n+1) %

AX= (£, +0)—(L,+ 1) =(2n+1) %
@

S,
N c.m. shift
S, - down
_AD _ .
B= q - remain same.

d=(u-1)Ax1

no. of fringes =

_led® _ 16[(n-1A1F
~AD 6000x10°x5"°

t changes more rapidly when we go outwards.

= path diff. changes morerapidly
= fringewidth |

Q.25

Q.1

Q.2

Wave Optics

©)

Ad =1+ (2ut). %

at top
t—> 0

m phase difference

0 phase difference

Adp=mn

Minimafor all the

wave length.

Top position will appear dark.

= Aswemovedown violet Maximawill appear first.
first colour will beviolet.

EXERCISE-IV

0005
2ut=nk=XA
A 500x107°

t="f =——— =2x10"m?
H 2x1.25

\; 1
t  2x1077 ~

5x10°m?=5km?

E— 50
h1 =50 —h, =1mm

L+h; 80

=— =>L+h=4mm=L=3mm
0.1 20 !




Wave Optics

Q3

Q4

Q5

0007

10
P, = o <px (10%)2x0.1=10°W

10
Py = F XxTx(2x10°%)2x01=4%x10°W

P=P, +P,+2,/Py xBg cosA¢

21
AP = N x(n=1)t

a

2mn
= —6><10_7 x05x2x10"= 3

1
=4x10%+10%+4x10%x E =7x105W=7uwW

2r 102 103
X X
6x107 5 2

10x T
:5I0+4locos E :5I0+4I0cos § :7I0

Inamodified Y DSE the source S of wavel ength S000A
oscillates about axis of setup according to the equation

— 2
=l +4l,+2 4|0 cos(

T

y =05 sin(gj t, wherey isin millimeter and t in

second. At what time t will the intensity at P, a point
exactly infront of dit S, bemaximumfor thefirsttime?

Ay
R Siteeooiiioaoann P
S d=1mm - X
Ls
k—1 M—>¢——D =2m—>

0001
The path difference at point P,

Ax=(SS,-SS) +(SP-SP)

dy _d(d2)
) Dl D2
For constructive interference,
dy d?
A 4 + A

**p, 2D, "

(107%)(0.5sin7 t)x107°  (107%)?
+ =n\
1 2x2

T
(0.5sin [Ej t)x10°+0.25x 10°°

=(5000x 109Nn=0.5x 10"°n

_ (3) _ 05n-0.25
Sn 6 t= 05

For theminimumvalueof t,n=1.

[i)ez= (6
S|n6t—2:> 6t—6 or

t=1sec
0.6mm
50 cm
50 cm Ll
ll
: :>:b
Tmm mm
’ )
I,
25 ecm 25 ecm 1.2
f=50cm
Im
u=-25
1 1 1 1 1
—_—— - — = _ - ——
v -25 50 % 50
= v=-50

28
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Wave Optics

6x10" x1 _ 3 [
= T10% =6x10%4=0.6mm Case-2,1= 4 =4l cos? 5
L0 _3
Q7  016m =008 =7
oo h  OR= PRO0S20 = hcos20
“sng  ORTPRO®A=Tgng Cosizi_\/g _ ez b2
2 2 2 6 3
h —Dtx2xn
AX=PR-RQ+ - Now, o= (u i
N h Lo D—Zh _h n_ (n-Dt-2n
A -—Sine(—co 9)+2- sme+2 3 2
A
t=
6(1-12)
Q
R -2 _ 9% =2311A
o =73 7
h Q10 209
6 0
0 P ) lo
| =1,cos? (Zj,herel = Z
h
AX=2ho+ (Gj 1 0 =n
cos| 5| =% > S =3
sino=0 2) 2 2 3
Maximumto maximum 2
»=2h(6,-6)+0 L=t
A=2(4)[0.03-0.01] =2(4)(0.02) =0.16m 3
AL 2 627
Q.8 0001 . —xzn:—n =AL=—""nm
Reflected ray from upper surface would shift by /2 A 3 3
only whilereflected from lower surfacewould not have AL =209 nm.
any shift.
2ut=nx =ni, = (n,=n,+1) Q.11(2)Q.12(1)Q.13(3)Q. 14(1)Q.15(1) Q.16(1)
asthereisno minimain between thesetwo wavelengths
(n+1) (512) = (n) (640)
n2(6j0—512) =512 PREVIOUS YEAR’S
n,=
So 2x1.28t=(4) (640) MHT CET
4x 640 Q.1(3 Q.2(2) Q3( Q4(2 Q.5(4)
=5 128 =1000 nm= 1pm Q.6(2) Q.7(4) Q.8(1) Q93 Q.10(3)
' QU@ QI12(3 QI3(2 Q14(2 Q159
Q9 2311 Q16(2) Q173 Q.18(1)  Q.19(Bonus)
¢ Q.20(Bouns) Q.21(2) Q.22(2) Q.23(3) Q.24(2
I=41,cos” Q25(8) Q26() Q27(BonusQ.28(3) Q.29(2)
Case-1,¢=0=1=4l, Q301 Q313 Q32(3) Q3B Q34
Q.35 (2)
PHysics 29




Wave Optics

Q36 @3

Ao, 1
Given, wavelength of used light, . = 6000 A = 7S4S =72
initial angular separation, B, =3
Final angular separation, B,=p - 30° of f - A1 0
B,=p-03°p=0.7p a 2
We know that, B oc A o | _ _ %_Exi
5 For first secondary maximum, sinf = 2a 2 2
= B, = A, [FromEq. (i)]
. 3
A =sin™| —=
:XZIBZX 1=0.7[3><600024200A = 0=sin (2\/5]
B, p
Q41 @
Q3r (4 . . Distance between the first dark fringes on either side
Weknow that, fringewidth, of the central bright fringe
B DA =width of central maxima
~d 5y 24D
=>BxD = Y= d
Hence, graph (4) isthe correct. Here, 2. = 6000 nm =600 x10°m
d=1mm=1x10°m
Q38 (I d=2m
For monochromatic light the resultant intensity is o 2x600x10°x2 10— 2 4
I =1, +1,+ 21, cos = 21+2lcosd (- 1, =I, = 1)...(i) YT naes -
For maximumintensity, 6 =0°
=2 +2l cos0°=4I (- cos0° =1) Q42 (3
orK =4 According to given situation,
K g=a=a=g
LS -
or1=7 (if) 8, = /&’ +& + 23,3, coS)
For path difference \/3, phase difference, — 5
_ a=./a’ +a’+2a’cosd
¢:2TEXW:2TEXL/3:2£ = 1+cosp=1/2
A A 3 1 5
I
= COShp=——=oo=—
¢ 2 ¢ 3

271 .
s 1,=21+2l cos 3 [FromEq. (i)]

1 Q43
:2I+2I(——j:2l—|:| o
2 Since, phase difference, ¢=7><path
K . N
:Z [using Eq.(ii)] i _ Ex& om
ifference= —=x, =7
Q39 (@ o
For minima in YDSE, the phase difference as . Intensity, =1, cos’ P
superimposing waves should be odd integral multiple
of . - I, 1 1 01
i.e,®=(2n-)rn (where,n=1,2,3....... 07 = 2 =4
et ) ' o [nj (1/\/5)
Q40 (@

Q4 (I
According to question,
Position of first dark fringe=d/2

o | >

For thefirst minima, sin@ =
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b dark fri —(on 2
For n" dark fringe, x = (2n-1) >d

Here,n=1
X, =d/2
2
(x1-p2t 9, 4
2d 2 D
Q45 (@

Since, the path difference between twointerfering waves

A
isof type(2n-1) (E]
So, it formsdark band.

- (2”_1jx=(8—27jx:>2n—1=87

2
88
n=—=44
= 2
Q46 (3
Thegenera condition for Fraunhoffer diffractionis
2
—<<1
LA
NEET/AIPMT

Q1 @

When reflected light rays and refracted rays are
perpendicular, reflected light is polarised with electric

field vector perpendicular to the plane of incidence.

Also, tani =m (Brewster angle)

Q2 (2
) A
Angular width = q
A )
0.20°= % ........ (I)
A
0.21°= r (i)
- 020 _d
Dividing weget, 021 - 2mm

. d=19mm

Q3

Q5
Q6
Q7

Wave Optics
@
For doubledlit experiment

A
Angular widthfor first minima = 5 4 o b

(3

nlkl = nZ}\'Z
(8) (600 nm) =n, (400)
n,= 12

JEE MAIN

Q.1

Q.2

&)
p=_d_
1.22

_ 2.44x1072
1.22x 2.440x10710
RP=82x10°

(3]

For first minima,

N 8
asm—z

atan6 = % (for small angletan 6 =sin 0)

_ 3DA
2a

3D
Ay:z(}\‘l_}\’z)
_£ 655-650
2a( —650) nm

= §x2x5nm
2 a

3 2 5x107°
=—x—X
2 05 10°
=3x10°

Ans.is3

PHYsIcs
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Wave Optics

Q3

Q4

Q5

Q.6

Q)

L) 9+1j2 (§ j 25
e G| [ a ) _1e™ iy
Imin - 2 Il 9 ’ §- -

Why) /E-l [ 4_1j [2 1) A

:§:25:1
1
@
Usingl =1 +1,+2/l)l, cosAd
s
Ip:|+9|+2 | <9l cosE
| =10l
p
IQ:I+9I+2 | x9| COST
lo=101-61=4

S lp—1,=101-41=61

@

l, 4
I—I let suppose |, =1, then

=41,
e = o = T Y = 3 =31,
Imin :(\/E_\/E)Z :(ZJE_\/E)Z = |0

&)1
Imax+lmm_9I0+I0_1OIo_§
loox—lmin Olo—1, 8, 4
§:E:>x:4

4 X

@

When unpolarised light is incidence on the denser
medium from rarer medium then reflected part of light is

pure polarised with electric field component only and Q.10

refracted light ispartially polarised.

Polarised (E)

90°

Partially Polarised

When electric field vector is removed then only
refraction take place.

Q.7

Q8

Q.9

(450)
d=0.6x103
D=80x102
2

1¥ Dark fringe = Dr_ g,x _4

2d 2 D
=450%x10°m
@

<
A
Sourc O (Central
< ‘ Point)

Path differenceat O = (u-1)t

If theintensity at O remains (maximum) unchanged,path
difference must be nA.

= (u-Dt=ni

(1.5-1)xA=n)

= X=2n

orn=1,x=2

S

B 0'3?(5:0,25

1_25

a 100
a=4

S

_b
P="4

A,=5000 A
A= 6000 A

d = dist. Between dlits

B =fringewidth
D = Distance between centre of dits
and screen
B,=0.05m
d,= 2d,
Bi_A_d, 5 10

. = X—===
BZ 2 1

05_5., 30

Bz 6 [32: ﬁ =0.3mm

[y

>

B,=03mm
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Q.u

Q.12

Q.13

PHYsIcs 33

Q.14

Q.15

(2
l,=1andl,=4l

at pointA — ¢ =g

at point B—>¢=g

Iy =1y +1,+ 21,1, cosd

1 :I+4I+2\/I_\/Ecos(g)
=51 +0
I, =5l
Now

Q.16

I :I+4I+2«/T\/Ecos(g)

Sl + 4I.l =7l
2

=71 .. @

Difference betweentwo intensitieswill be=|l - 1 |
=71 -5l
=2l

Sox=2

@

e = (s 41, ) = (142)" =9
Lo (VI +41, ) =(1-2)° =1

Wave Optics

53+15=8a+4

2(2)+1 2a+1
1+3 B+3

a=2p=1

(04
Hence 5 =2

p

9 9
~By = gBl = §X500 =630nm

24

L =11+ 1, + 21,1, coso

| e fOro=0&1 . for¢=mn

Lo = (W +41, ) = (V0T +/41) = 251
Lo = (Vs 1, ) =(~a1 1) =1

| o=, =251 =1=241
(€)
2l, . I, .|2
1
Il:EZ(Zlo):Io
l,=1, cos’30°
3 3l
=lp—=—
4 4




Dual Nature of Matter and Radiation

DUAL NATURE OF MATTER AND RADIATION

EXERCISE-lI (MHT CET LEVEL)

Q1 @ Q4 @
lmvz —E—(b If V., isthe speed of the fastest electron
2 B A emitted from the metal surface, then
he 1
lm': he _¢:4hc—¢ 7:W0+§rnv§1ax
2 (31714) 31
) (6.63x10™)x(3x10%)
Clearly,v'> 3V (180x10°)
Q2 (M =2x(1.6x107°) + 1(9.1>< 10%)v2,,
2
Q3 @

- v=131x10°m/s

Momentum of a photo € — Theradius of the electron is given by
Cc

.Y
=5.33x10 % kgms™* )
Q4 (1 (9.1x10"*)x(1.31x10°)
11 = 16210 *)x(5x10°) O™
K,, = hv-hv, =hc| =-— ( * )X( * )
A A
- Q5 (9
WehaveE=W_+K
1.24x10° (%-%j = 1.49eV © avre]c S
—:W - 2 .
o a00x10° e t™ -0
Q5(4) Q6 Q7@  Q8(®) Q9 he 1
Q103 QI1() Q.I2(2 QI3(1) Q.14(2 and ———— = W, +=m(v)? __i)
Q15(3) Q163 Q.17(3 Q.18(3 Q.19(2) 250x10 2
Q.20(3) On simplifying above equations, we get

W, = 2hv x 10°).

EXERCISE-Il (NEET LEVEL)

Q6 @
Q1 @ Eocl'alsok >\ SOE >E
~ m e E _ 3.3X10_29 X3><108 Iy ’ infrared visible infrared visible
P e VS h T 66x10*
=15x108Hz Q7
R
Q-Z (1) =hhv= n = n, Y1
Q3 @
p= BV _ e Q8 O
c c h According to Einstein’s photoel ectric equation
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Dual Nature of Matter and Radiation

Q9 @ Q17 @
Inthiscase, for photoel ectric emission the wavelength Intensity oc (No. of photons) oc (No. of photoel ectrons)
of incident radiations must be less then 5200 A.
Wavelength of ultraviolet radiations is less then this Q.18  (4)
value (5200 A) but wavelength of infrared radiations Number of ejected electrons o (intensity)
is higher than this value. 1
C—>5
Q.10 (1) (Dlstan Ce)2
Frequency of light of wavelength (A = 4000A) isv :% Therefore an increment of distance two times will
1
3x10° reduce the number of ejected electronsto —th of the
= ————— =0.75x10% whichislessthanthegiven 4
4000%10 previous one.
threshold frequency. Hence no photoelectric
emisssion takes place. Q19 (@
Aswe know, threshold wavelength
Qu @ he
Ko = (hv=W); v =frequency of incident light. (x0)=_
¢
Q12 @
Intensity oc (No. of photons) oc (No. of photoel ectrons) (6.63>< 10_34) x 3x10°
= o= =5.404x10"'m
013 @ 2.3x (1.6 v 10—19)
12375
E=W,+K ;E= 200 =4125eV = Lo =5404A
UK ZE—_W. =41756V —16V = 3125 eV Hence, wavelength 4144 A and 4972 A will emit electron
max 0 from the metal surface. For each wavelength energy
1 o o
=3 mv2,, =3125x 1.6x 109 incident on the surface per unit time
-3
- _ 3007 1em)? =1.2x107
oy _\/2><3.125><l.6><10 X 10°ms 3
max 9.1x10™* N Therefore, energy incident on the surface for each
wavelength in 2s
Q1 E=(12%x10")x2=24%x107J
o . Number of photons n, due to wavelength 4144 A
K —E—W _ 6.4x107" x3x10 16x 10
mx = 0T 6400x 107 ' (2.4>< 1077 )(4144x 10‘10)
=1.4%x10%] = ” - =0.5%x10"
015 @ (6.63x10%#)(3x10°)
Energy of incident radiations (in eV) Number of photons n, due to the wavelenth 4972 A
12375
= 100 - >0levV (2.4>< 10-7)(4972 x 10—10) ,
Work function of metal A and B arelessthen 3.01 eV, N = 6.63x10-% ) (3x10° = 0.572x10"
so A and B will emit photo electrons. ( 09X )( % )
Therfore total number of photoelectrins liberated in
Q16 @ 25
I . 12375 N=n +n,
Energy of incident light E(eV) = 3320 =3.72eV =0.5x102+ 0.575x 102
(332nm=3320A) =1.075x10"
According totherelation E=W_ +eV
Q20
SV, = (E-Wo) _ 372ev-107eV _, /it P_25W ), =6600A =6600 x 10®mnhv =p
© = Number of photons emitted/sec,
PHysics 35



Dual Nature of Matter and Radiation

Q.21

Q.22

Q.23

Q.24
Q.25

Q.26

Q.27

p pr  25x6600x107"
n=—=——-=
hc hc 6.64x10% x3x10°

A

=8.28x10° = % x10%

3% of emitted photons are producing current

3
| =——xne
100

_ 3 25 109 %1.6x107° = 0.4A
100 3

@
<

According to Einstein’'s photoel ectric equation
hej1_1
E=W,+K . =V,= |7 g

Henceif A decreasesV  increases.
€)

@
@
he|1 1
Stopping potential Vo = N .As\ decreases
0

S0V increases.

@

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

@
K. =(V)ev=|V]=4V

EXERCISE-I11 (JEE MAIN LEVEL)

Photoelectric effect
©)
E=1240(?( oeV)

& inA)
IAt A
“hc

PtA_EA
‘he " he

No. of Photon=

No. of Photon=

Q2

Q3

Q4

Q6

Q7

Q8

Q9

Q.10

if E isconstant no. of photonis « |

@
hf=1.7+10.4=12.1eV=energy
inH-atom

7Y x=3

12.09 ev

Y n=1
@
Frequency of light does not change with medium.
)
Einstein'sformula

Koo =€V, +f

if frequency isdoubled,
kmax2: a/Z +f > 2 Kmaxl

@
The number of photo electron depends on the number
of photons
_AT
he/n ~ hc M

A
Ratio of no. of photo electrons = ﬁ

Number of photon =

@

A Photon can interact with only asingle electron.

@

coinh E_E
=|l-n= D . b D
@
) h hc
Applying p = o andE = N

If | decreases E and p increases.

@
20=¢+ K = Ky=p=-my2
1 179=,™
1 2
Sj-p+K, = Kp-dp-tmv,
vl:v2:1:2
@

no. of Photons o |
| -, no. of photon e gjection -

36
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Dual Nature of Matter and Radiation

Qu @ Q19 @
h As distance T ses.
—=10"h
A | | ses.
Q12 @ v
Sincefrequency of light solurceisdouble, the energy P
carried by each photon will be doubled. | = Anr?
Hence intensity will be doubled even if number of nr
photons remains constant. Hence saturation current
isconstant. Sincefrequency isdoubled, maximumKE Q.20 (1)
increases but it is not doubled. Greater work function means greater cut off frequency.
Q13 (2 Slope Remains same
The threshold frequency for Al must be greater as it fy>fX
has higher work function. Intercept of y > Intercept of x
and must be parallel to each
Q14 (2
Stopping potential = maximumkineticenergy of e=4V. Q.21 (2
Diameter is same so light falling will be same so
Q15 @3 photoel ectric current will be same.
hf=¢+evg 02
Theenergy of x—ray ismorethat of U.V. light. Hence,
Q16 @ the K.E. of emitted photoelectron is more and hence
stopping potential required is aso more.
103
No.of Photons=
12400 1.6><10'13 EXERCISE-IV
5000
_ 16 Q1(2 Q2(3) Q3() Q4(D Q.5(1)
=0.25x10
Q.6(3
. . 0.16x10°° +12
No.ofe reaching=————5=10 PREVIOUS YEAR’S
1.6x10
12 MHT CET
%:716 x100=0.04%
0.25x10 Q1(4 Q.2(1) Q.3(4) Q4(2 Q5(3
Q.6(4) Q.7(2 Q.8(4) Q.9(2 Q.10(1)
Q.11 (3) Q12(1) Q134 Q144 Q.I5(3
Q17 () Q16(1) Q174 Q1813 QI19(2 Q.20(1)
Experimental obervation. Q21(2) Q22(1) Q23(2 Q244 Q25(2
Q262 Q27(2 Q28(3) Q292 Q3002
Q18 (@ Q3113 Q.32(3
hC
e =p+eV (i) Q33 (2
h
hC eV -
o Y T For electron, A_=
. =+ 3 (i) e \/WEE
31— - _ 2
3 hc hc = ¢ (2m) A2
= (E—jT:Z(I) :>¢_H ( ) e
=4) hc
h for photon, & = £~
P
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Dual Nature of Matter and Radiation

Q.34

Q.35

= Q.36

@ Q.37

Given, work function of metal ® =3.6 eV
Threshold wavelength, A, =3000 A

Work function for another metal ®,=1.8eV
Threshold wavelength A,,=?

According to Einstein’s photoel ectric equation,

hc
7\'_0_(1)0

he Q.38

A ¢, 36

Therefore, hc ¢, 1.8
}\’2

= A, =2%%
., = 6000A

©)
Accroding to Einstein’s photoel ectric equation, maxi-
mum energy of emitted electronsis given by

K e = %mvzmax =hv-hv,

max

P Thev) 0]
When, frequency of incident radiation, becomes 2v,
then velocity of emitted electronisv,, hencefrom Eq.

(i), we get
1 5
> = h(2v-v,)

()] Q-39
Again, when frequency becomes5v , the velocity of
emitted electronisv,,.

. FromEq. (i), wehave

%mvl2 =hv,

%mvi =h(5v-v)

Lo v

= 5M2 = ..(iiii)

Dividing Eq. (ii) by Eq. (iii), weget

1 .

Emvl :ﬂ

%mvg 4hv

. ﬁ:(ljz
v, 2 =>vv,=12

@

Since, photoelectric current (1) does not depend on
the frequency (v) of incident radiation. Hence, graph
showing in option (2) is correct.

@
From Einstein’s photoel ectric equation
K o =hV=0,

h
= eV ,=hv-hy =V = E(V—Vo)

So, graph showing the variation stopping potential
and frequency is correctly showninFig. A.

@
Energy of photon, Epoion = KE+ 0
where, KE = kinetic energy and ¢ = work function.

Energy of photond, Epon, = 1.3eV

photon; = % mvf +0.8

E

%mvf =13-08= % mvZ =05

Energy of photon 2, Eghoen, = 2.8V

%mvg =28-0.8=2eV

. ' vi 05
Now, ratio of maximum speeds = V2 ==
2

N

< |H<

1
2

2

@

From Einstein equation
KE, . =hv-hy,

=hv,—hy,

= KE, 4

andKE,__,=hv,—hy,
Dividing Eq. (i) by Eq. (ii), we get

Mut Cer COMPENDIUM
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Dual Nature of Matter and Radiation

2 3
KE a1 _ h(Vl_VO):E_Vl_Vo ° 3
KEmae h(V,—V,) K v,—V, E=WO+%sz
= 2V,—2v,=Kv,—Kv, = (K-2)v,=Kv, -2y,
1
h(2vy) =hv,+ mv;
or V= Ky, —2v,
=2
K-2 21 )
hv, = > mv: o 0]
Q40 (1) 1
N Output power(PO) h(5v,) =hv,+ Emv2
Efficiency = "ot power (P) 1,
4hy = —mv, L (i)
0, B) I:)0 2
= 20/o=3:>0.2=T Divide (i) by (ii),
1
[F=1 1w
= P,=02 4 v
Number of photons emitted per second is given as 1
v
___ Outputpower B _PRX v_: )
Energy of one photon hc  hc
A
Q3 (@
0.2x 4000x107"°
= =0.04x10" = 4x10"
6.6x107* x 3x10? Q4 ®
NEET/AIPMT Q5
Q1 @
Initial de-Brogliewavelength Q.6 ©
.. Q7 @
0T mV,
E< Q8
66—V
o Q9  (Bouns)
> F Using the equation
Acceleration of electron evV=hvo—¢
as ek, oreV=hv-hvo
m
Velocity after time‘t’ %:h—;—hum (D)
Ve [Vo N e_Eot] e =ho-ho, ... @
m Date Incorrect
h h
So, A= v Q10 @
mv m(vO + eEOtj A
m w=hn
h p
= = Graphwill be hyperbolic
mv, {1+ o t} N
0 \\
p
[1+ eEot}
mv,
PHysIcs 39



Dual Nature of Matter and Radiation

JEE MAIN

Q.1

Q.2

Q3

Q4

Q5
Q.6

2

Let threshold frequency =f
incident frequency = 2f |

hf =hf +K.E.

1
h(2f) = hf+5 mv,2

1
hf, = > mv,?

When incident frequency f’ = 5f
hf’=hf +K.E.

0
1 2
h(8f) =hf,+ S mv,

1
4hf = > mv,?

Equation (1)/(2)

KEmax, 38-06 32 4
Kemax, 14-06 08 1

= mv?
—2 l:_VlmaX:\/E:E
1 > Vo VI 1

@

In Davisson-Germer experiment the electrons exihibit
diffraction there by proving that electrons have wave
nature. Hence both statement are correct.

@

h h

“p J2m(KE)
1
Xocﬁ

m<m<m<m
e p n o

Ay <Ay <k, <A

@

@
L =4500A
B=2mT,R=2mm

R1/2Km

aqB

(D)

(2

Q.7

Q8

Q9

(9BR)
2m

=K

(1.6x10°x2x10°x2x107)* _

2x9.1x10°* K

2 50
(64° 107

2x91 10*
K=225x10"°]

_ 2.25x10%
1.6x10™%

eV =1.40eVv

_ 12400
4500

0=E-K=(2.76—1.40)eV =1.36eV

[35]

Stopping potential V = 0.42V

1L=6630A

E=¢=+eV,

E : energy of incident photon

V, : Stopping potential

E = 2.76eV

¢=E-eV,
E= 1240(? eV =1.87eV

¢ =(1.87-0.42)=1.45¢eV

¢ =hv,: v, threshold frequency
145x1.6x10%=6.63x 10*x v,
v,= 0.35x 10%
=35x10%sect=>x=35

@

P2
=— = Pavm
2m

Now X=D
P

Sohoc L o hoe L
P

N
A

[VR—

~|&

)\’C12

@
DeBrogliewavelength

h

J2Mk
h2

Ae = For Electron

K. =

e

2M A2
For Photon
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Q.10

Q.U

Q.12

PHYsIcs

Dual Nature of Matter and Radiation

he Q.13  (600)
E,=— .. Fringewidthis=
p )“p
B= )\'_D
h> _hC 2o d
M2 Z:‘ e X hp Letinitially fringewidth=f
e’re
=MD,
@ a4
he Final width=3,
__¢ = Kl _AD,
M =
hc A
}\’__(b:Kz Bz'ﬁlZE(Dz'Dl)
2
Changein=3x10°cm=3x10°m
A, =31, ChagneinD=5x102m
3hc — 3x10° = —*_x5x10?
3K1 = T—&b 10°
1
-8
he = 307 _06+10°m
3K, =—-3 15x10
A, =600nm
Q1
3K, =K, -2¢ he
K =—=
3Kl < K2 EMaxl }\‘1 ¢
hc
KEya, =——9¢
K1 <% M }"2
KEya, =2kEy,,  {*, =800nm,1, =500nm}
@
R is not correct explanation of A because R is not E_d,: 2[E_¢J
considering when energy of incident radiation is less Ay Ay
than work function of metal, then also kinetic energy of 2 1
photoelectrons is zero. o= hc[l_l_l_zl
(&) B 2 1
E=200[sin (6 10) t+sin (9x 105)]V_ - $=1230 =55 " 500
Kinetic energy will be maximum corresponding to the
maximum frequency maximum angular frequency $=0615 ev
=9x10%
. ® Q15 @
= Maximum frequency = —™
2n p° h?
o= N = om ~ om 2 A1)
(. o=2xf) m  2zmyi,
5
:}f - 9><101 h2
™ on No=oroz -2
=1.43x 10Hz P
Using Einsteins equation
hv=K__ +¢ Q1 @
=4.14x10"°x143%x10"=k __ +25 _ .~ - ~ —eE eEo-
=K, =592-250 =342eV V=VolandE=-E,i=—"—=—""i
41



Dual Nature of Matter and Radiation

Q.17

Q.18

Q.19

. }\’ — h
att=0wavelengthis *o mv,
atime‘t

V=u+at
V=v,i+ Loy
m
sV = (VO +%tj
m

Now

@
By Theory

@
%= (de-Broglie swavelength
mv( e-Broglie’ swavel ength)

h
J2m(K.E)
h

h="omqv
Putting thevaluesof m; q

122
Weget ) = an

3

E=KE+F E — Energy of photon
KE—-KEof e
¢=work function

Casel

E, =50

E, =109

%mv12=(KE)l= E,—0=>50—0 =40

1
5 MV,2= (KE), =E,— =100~ =9%

vi_ 4 _2
SO’Z_J; 3

@

hc
E=7—¢ )
hc
2E=""-0 @
- (2)
E:hc(i——J
ANA
_ hch
=" TErthe
@

p=+2mE =./2mqV
Py _ myg, _ [4 2
P, m,d, 11

22

1

42

Mut Cer COMPENDIUM



Atoms

ATOMS

EXERCISE-l (MHT CET LEVEL)

i: R(l):kBi

Ag 4 R
Q1 @
S kg =4k, =4x912A
1 1 1 .
I - n_zl_n_zz .For first wavelength, n, Q.6 @
Angular speed of electron inthen the orbit of Bohr H—
=2,n,=3 atomisinversely proportional to n?
= A, = 6563 For first wavelength, N w, o« %
n
2,n,=4= 1, =4861A Q7 1)
Q8 @
Q.2 ()] 09 @
Q.3 &) Q10 (2
Qu @
Q4 (@ Q12 (1)
Radius of the orbit, r, o ? Q13
r.nb|g nzbig — 4 . Q'14 (1)
Msmall ) N’ T (e QG
Q16 (1)
N _, QL7
= N Q18 (9
Q19 &
Mg _1 Q20 @
= N 2 Q21 (1
Velocity of electronin n orbit Q22 @
Vo 1 Q23 (@
n
Q24 (3
Vibig Ngat _ 1 Q25 (2
Vi smai Nyig 2 Q26 (3
=V w =2V, ) =2V
05 @ . b Q27 @
1 1 1 Q.28 (3
T R—_——
A n 2 n 2 Q29 (1
1 2 '
For limiting wavelength of Lyman series Q30 @
1 Q31
n=1n,=co——
For limiting wavelength of Balmer series Q32 (9
n=2n,=co Q33 @
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Q.34

Q.35

Q.36

Q.37

Q.1

Q.2

Q.3

Q4

Q5

@
Themaximumkinetic energy of an electron accelerated
through a potential difference of V volt is

1m\/Z:eV
2

2¢eV

~.maximumyvelocity v = m

. \/2><1.6><1019><15000
9.1x10°*

v=7.26x10'm/s
@

h 6.6x10°*
V2mE T 2% 9x10% x80x1.6x10™%

=14A

@

EXERCISE-Il (NEET LEVEL)

@

_ goN
Bohrradius r= —>—; ..
nZme

rocn?

©)

Lyman seriesliesinthe UV region

@
Thesize of theatomis of the order of 1A = 10%m.

@
Balmer seriesliesin thevisibleregion.

@

For 2" line of Balmer seriesin hydrogen spectrum

1 1 1) 3
SR =-=|=2R
A ()(22 42J 16

Q.6
Q.7

Q8

Q.9
Q.10

Q.11

Q.12

Q.13

fnd(-)-
For Li#| 3, x2 12 16

whichissatisfiedby n=12 - n=6.
@

@
z,=1,7,=1,2,=2andZ,=3,

1 RZ? (l_ij

A 1?2 22
4

A=—
o 3RZ?
or AZ? = constant
So A(12=20,(1)7=1(2%= 1)
or A(12=0,(1)7 =127 =2a(F)
or A =L, =40,=9,

©

For third line of Balmer series
n=2n=5

1 1 1 ) nn;
CIoRz? stz il
A L‘f nzz} gven {(ni —nf)lR]

On putting valuesZ = 2

From
2 _13.6(2)
=—13'622 = 5 ) susev
n (1)

@
@
@
(@8]
@
2E E—E E—E

TET TR
E_ _E E—E . _I—3 7\"—37\‘
3 = " = 3—}\‘| L = = =

()
If Eistheenergy radiated in transition
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then Eg ¢ > EQ»S >Ep s> EQ»R > EP»Q Q22 @
For getting blue line energy radiated should be 1 Ay T,
L—= = T =, [=
1 neutron ﬁ 7\’2 Tl
maximum [E oc x) . Hence (4) isthe correct option.
A (273+927) 1200 A
15 3 _1: - _— - __ = —_— = =—
° 9 % V@sv2n "m0 273
nh .. h
mvr = Z—,fornzlmsz—
T T Q23 (3
The voltage applied across the X-ray tube is of the
Ql 4 rangeof 10kV —80KV.
By using
N = N(n-1) Q24 (2
i 2 hc
Amin = — Where h, ¢ and e are constants. Hence
ev
4(4-1)
= NE = T =6
)\‘min oC i
\%
Q17 @
For third line of Balmer series n, =2,n,=5 Q25 (3
1 J1 01 nn? Range of X-raysis0.1A to 100 A.
SR T |ovesZ= (R
v 2 Q26 (9
On putting values Z = 2 Theproduction of X-raysisan atomic property whereas
13.672 the production of y-raysisanuclear property
FromE=——
n Q27
-13.6(2)*
=T =—54.4¢eV Q28 @
Vo (Z-b)? = v=a(Z-h)?
Q18 (@ Z = atomic number of element (a, b are constant).
r oc N2, For ground state n =1 and for first excited state
n=2. Q29 (¥
Nucleus of heavy atom captures electron of k-orbit.
QL OB _ _ This is a radioactive process, so vacancy of this
According to de-Broglie hypothesis. electron is filled by an outer electron and x-rays are
produces.
Q20 (2
. h h - h hand ) Q30 (3
== ==, —= (hand m= constant
p 2mE JE 031 @
Q2L 1 n, (z,-1)°
ey =z
1 (z-1 A, \Z,-1
By using N 2 2
=
SN A g R
b [V, 10% f60 L -1 A28
= % \V, 7 a, V\1s0 ~ o
=1,=05A =1,= 3
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EXERCISE-I1l (JEE MAIN LEVEL)

Q1 @
n? 22
=47 =% 3 %
Q.2 €

E,(Li*)=E (H)
136£— 136><}
= —1o. 2 =—lo. 1

= n=3

Q3 @
roc n?
ST =10%x1.06 A =106A.

Q4
Since speed reduces to half, KE reduced to

1
Zth:> n=2

fromlandll
r=4r
Q5 (M
According to the Bohr model
PE.=-2K.E.=2T.E.
= KE=-TE

—me*

WhereT.E.= ———
8 € n’h?

—me4

2h2

K'E':_W

KE. __,
= TE T°

Q6 (@
All thetransition energiesin option(A),(B) and (C) are
greater than corresponding to n = 4 to n = 3. Hence,
option (D).

Q7
12.1 eV radiationwill exciteahydrogen atomin ground
stateton=3
state number of possibletransition="C,=°C,=3.

Q8

Q9

Q.10

Qu

Q.12

Q.13

@
0.529| (n-1)° ~n* |-0529(n-1)’

= 2n+1=n*+1-2n
= n=0,4

)
ZZ
E=13.6 (—zj
n
_136()*  13.6()° ~
13.6(3)° 13.6(3)?
L= )2 2) =91.80eV =h(9n)
)
n-1=5
n=6
n(n-1 6x5
No. of briught lines= ( ) =2 =15
2 2
)
E
P =c n,=1,n,=5
(13.6 B 13.6}

2 2
AT S ) 6x10

3x10
:%u.exlo”
mv =6.96 x 10-%
v=4.2m/s
@
AE:Rczz(lz-lzj:hc

1 2 )\

Zocz?
A

Forz=3 Li*?
Awill be minimum

@

2

r=0529 x
Z
2
0.529x 2
2
r=1.06 A°
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Q14 (1 Q22 (@
E=-34ev(forn=2) When fregency is increased energy increases
n=2 i.e. penetrating power increases
_2h_h
angular momentum = on  m Q23 (3
K, :trangtionfrom 2> 1
Q15 @ irr;larlyforKB:3—>1,Ky:4—>1;La0:3—>2:Ma:4
l,= h Now we can compare energy and X .
mv
he p? Q24 (2
E, = energy of photon = N andenergy of €= — = The characteristic x-rays are obtained due to the
2m transition of electron from inner orbits.
hv Q25 (9
2 When ever the energy of photon isdoubled then work
H function increases must more than by 2 times.
%
Therequiredratio= % = EXERCISE-IV
A Q.1[34] Q.2[914] Q.3[865 Q4[42] Q.5[54]
Q1 @ Q6[08 Q.7[305 Q.8[58.46] Q.9[1] Q.10[6.25]
_3 Q.11(2 Q122 Q.A3(1) Q41 Q.J5(1
K.E. of neutron E= > kT Q.16(2)
h
po=h_ 3. = [©27+273) _
d7 p T JamE T\ 2MxKT 0 M2T Yo7, 073 0 T PREVIOUS YEAR’S
2. MHT CET
017 @ Q12 Q2 Q31 Q42 Q5@
Q6(3 Q7@ Q8(1 Q.92 Q.10(4)
,oh_ _h __h QI(l) QI2(4 0QI3(1) Q.14@) QI5(2
P~ JamK ~ y2mev Q16(4 Q17(1) Q184 Q19(1) Q.20 (4)
Qs @ _ _ Q.21(4) Q22(1) Q23(1) Q243 Q.25(2)
KE =100+50=150eV Q26(3 Q27(2 Q282 0Q29(4) Q3004
v =150volt Q312 Q3273 Q3312 Q34©B Q35(
Q.36 (4
A= 150 We known that, wavelength of spectrum in hydrogen
v atomisgiven as
o gl L
A=1A A n, n;
For the serieslimit of Balmer series,n, =2and n, = o
Q19 (@ 1 g/ 1
The contineous x-ray comes out because the striking ST 22 02
electron lose its kinetic energy 1 R 4 ¢ 4
= -=—=2A=o=>o=o[ve=fl]
020 @ A4 R f R
The cut off wavelength depends on the accelerating fz= e
potential difference which is unchanged. Hence, the 4
wavelength will remain unchanged. Q37 4
021 (3 Accroding to bohr’s model, the kinetic energy of
. moving electron in nth orbit isgiven as
0.1 to 10A (x-rayrange)
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Q.38

Q.39

Rhc
= Q.40

where, R = Rydberg constant, h = Planck’s constant
and ¢ = speed of light.

Similarly, potential energy of electron moving in nth
orhit,

K=

Rhc )
P=-2 P (D)
FromEgs. (i) and (ii), wehave
P=-2K

Total energy of electron moving in nth orbit
E=K+P=K-2K

E=-K
=>K=-E=(-34¢V)

[given,E=-3.4¢eV]
=K=34eV

FromEq. (iii), wehave

P=-2K =-2(3.4)=-6.8eV

. P-K=-6.8-34=-10.2¢eV
andK - P=3.4-(-6.8)=10.2¢eV

©)
Given,E =13.6eV
Energy of H-atom in nth excited stateis

Q.41

So, energy required to excite H- atom fromground state
to next higher state is
E=E,-E =-34-(136)=10.2eV

2
Energy of electronin nth orbitin H-atom,

-13.6
n nz
For third excited state, n=4

L E=20_ ogsey
4
For ground state, n=1

-136°
“E=—
If v be the frequency of emitted photon, then
hv=E,-E,
=-0.85(-13.6)
=-0.85+13.6=1275¢eV

- 12.75x1.6x107°
- h

Q.42

E eV

Q.43

=-13.6eV

_12.75x1.6x107"°

soaa0® 0z
. X

©)
Waveength of spectral linein hydrogen atom (Z=1)
given as

1
11l
A n, n;

For last line of Lyman series,
n=1landn,= o
.. FromEq. (i), wehave

() [Z=1]

Similary, for last lineof Balmer series,n, =2andn,= «
.. FromEq. (i), we get

Lg(i-i)R
Ag 2° o 4

4
= Ag =E

Hence, from Eq. (i) and Eq. (ii), we get
M_VR_1

g 4/R 4

ori:i,=1:4

= Agih =4:1

@

The magnetic moment of arevolving electronin aorbit
around nucleus is given by

_ neh
4nm,

orb

= rnorb ocn

4

In hydorgen spectrum Paschen series, Brackett series
and Pfund seriesliesin infrared region of spectrum. So,
the possible transitions are
n=6ton=5n=6ton=4,n=6ton=3
n=5ton=4,n=5ton=3;n=4ton=3

@
Theradius of atomic orbit is given by
2

r =0059
z

ForBe*,Z=4
According to question,
rO rn

1) n?
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Q.44

@

As, timeperiod, T « n?

Atoms

TE:P—2E30PET

- 1 o n? T 1 Q3 @
Frequency (f) 7Y Orbital velocity of electron
z
= foen® Voo Z (n=samefor both atoms)
Thus, f decreases with increasein n or vice-versa
VHe + — ZHe + — E
gEET/AI(I;’)MT =, z, 1
i
KE = —(total energy) Q4 @
So, Kinetic energy : total energy =1: -1 13.6(—-%]=102
n
Qz2 @ _
n=12
Tota energy =-3.4eV
K.E.=—(T.E)=34eV L g
PE.=2(T.E)=2x(-34¢eV)=-6.8¢eV 2n
3 @ L =2
Q3 @ P o
de Brogli Jength of electron (ko) = 22 A’
e Broglie wave length of electron \Ae) = _ 34
W ML-1, 1, - N 86:10%
v = accelerating voltage R s
7
12.27 _
Ao = J10000 x107°m =1.05x10%J-s
Ao =12.2x10"%m Z=3
1 1 1
Z=RZ?| =-—
4 O h [ J
Q5 @ n,=1n,=3,
First excited state = n=2 1 11
2 136 X:R(g)(T_EJ_SR
T, = —13.6% =-—ev
Second excited state = n=3 = % =114x10""m
z? 13.6 Q6 @
T,=-136—=—¢&V
2 n? 9 When electron jump from lower to higher energy level,
energy absorbed so statement-1 incorrect.
T,:T, = 1 : 1_ 9:4 When electron jump from higher to lower energy level,
49 energy of emitted photon
E=E,—E,
JEE MAIN E.-E
Ql @ hf=E,~E, =f=—2 -1
According to electromagnetic theory accelerated .
chargeliberate radiation. So electron eventually moves So statement-11 is correct.
in smaller radius and may collapsed with nucleus. Q7
Q.2 ) Impact parameters oc cot(%j
_ 2 2 _ 2
TE = 13.262 KE= 13.622 PE= 13.?2 -

n n 2n Where \/dT \/@ areimpact parameters
nTTE| {But TEis(~ve) soT 0.2 60°. 6. 90°
nTKE=|TEN SoKET 17 T
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Q8

Q9

Q.10

Q.U

Q.12

d, _ cot*30°
d, cot®45°
=d =3d,

@

From Bohar 1™ postul ate

nh
mvr =—
2n

nh
mvr =—

2nr
@

E:%E{q:aspersign}

2_
A n
= mM=ARM-AR
MR=n?(AR-1)

[R
n= |——
MR-1
(5]
2
E=-136x2
n

3 =-15lev
2 =-34ev
- 1 =-136ev
E,—E,=151+34=189eV

E —E,=0+34=34eV

2

E,-E, 189

jum e R
I nu

E,—E, 34 x+4
= 1.89x +7.56=34x
7.56=151x
x=5
(5]

For Lyman seres| line

1 1 1) 3R
TRl == =22
A r 2 4

3R 3L

For Pashchen 3 transition

el

12| 12
b =g|m T =%
3

For Bdmer 2ndline

R AT

16 16

3
Py =2 |=ah
oL -4\ =al
5o =a\
a=5
@
E,= "l§'6ev
n
1
13.6(1_j
_ E-E _ _3
E, -E 13.6 4
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NUCLEI

Q15 @
EXERCISE-I (MHT CET LEVEL) M(,0%) = M(N*) + 1m,
binding energy of last proton
Q1 @ =M (N®) +m - M (,0°)
| sotones means equal number of neutrons =15.00011+ 1.00783- 15399492
i.e.,(A-Z)=74-34=71-31=40 =0.01302amu=12.13MeV
Q16 (O
Qz (I Q17 (1)
Q18 (2
Q3 B Q19 @

4 3 Let N, bethenumber of atomsof X attimet=0
Q4 @ Thenat t = 4 hrs (two half lives)
R N, = %andNy _ 3N,

Q6 ® . NJ/N, =1/3
NN _
Q7 ® and at t = 6 hrs (three half lives)
N 7N
08 @ NX?O and N, 8°
Q@ N, 1
or ==
Q10 (2 N, 7
1 1 1
Qu (1 ; it = =
Thegivenratio 2 lies between 3 and 7
Q12 (9 Therefore;t lies between 4 hrsand 6 hrs.
Q13 (@ Q20 @
Nuclear energy isrelased isfission because BE/nuclear
islarger for fission fragmentsthan for parents nucleus. Qa1 @4
Q2 @
Q1 (1
299 Q23 (2
BE =———=111
2 Q.24  (Bouns)
B.E,.= T =7.08 Q @
492 1Y"
B.E, 56 maximum Q.26 0(2]
1786 n
BE=—-=7.6 N 1
v 235 or 1—0 =N, (Ej
22 Fe ismost stable asit has maximum binding energy or n=4
per nucleon. t 2 1
Hdflife t1/2 =H=Z:§h
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Q.27
Q.28
Q.29
Q.30
Q.31
Q.32
Q.33
Q.34
Q.35
Q.36
Q.37
Q.38
Q.39
Q.40

Q.41

Q.42

Q.43

Q.44

Q.45

@
@
@
@
@
©
4)
©
4)
@
4
@
4
@
©)

)
In an explosion a body breaks up into two pieces of
unequal masses both part. will have numerically equal
momentum and lighter part will have morevelocity.
U —->Th+He

2
K ETh = L ,

2m.,

Sincem,, islessso KE,, will bemore.

P2

2m,,.

KE

He ™

4

Mass of uranium changed into energy

= E x1= 1073 kg
100

Theenergy released = mC?
=103x(3x10%)27=9x 10 J.

©)
@

Q.1

Q.2

Q3

Q4

Q5

Q6

Q7

Q8

Q.9

Q.10

EXERCISE-Il (NEET LEVEL)

@
Radiusof O =r A2

0

1
1 ! E
Rediusof that nucleus= 7 ><ro(Aoﬁ)3 =l (%}3 =f

7]13

- Afor that nucleus=7

@

r=r (A"

rincrease withincreasing A mass number So, r,<r, as
mass number of A issmaller

E,, decrease with increasing A for A > 56, *Fe has
highest E value.

o, E, for nucleuswithA = 125

El:unA > Ean
)

The order of magnitude of massand volumeof uranium
nucleuswill be
mC’A(1.67x102kg) (A isatomic number)

4
V= §Tcl'3
= (82x10md)A

m _ A(L67x107"kg)
v (82x10*m*A
= 2.0x 10" kg/m?3

)

Nucleus does not contains electron.

4
= 3w [(L25x 10 mAL]:

Hence, p =

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

@
Energy / day = 200 x 10° x 24 x 3600
=2x2.4x3.6%102=1728x 1010]

©)
Energy released while forming a nucleusis known as
binding energy (by definition).

(©)
Out side the Nucleus, neutron is unstable (life » 932
SEC).

@

©)
X2 > Y2+ 4( He)

52

Mut Cer COMPENDIUM



Q.U
Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

PHYsIcs

Nuclei

2 Q18 @@
N t
@ N _go N [N __ry
X+1=24+4=x=27. dt 05 350-2N ¢
@
C" — B+ B*+ybecausep* =€ _t
° ° ' N=|100/1-e2 ||=25
@
N N 4
N=—r=7a t=2In| =
2 16 3
Nx100 N, 100
% amount remaining = N—o = EXN_O =6.25%
4
@ Q19 (2
For stable product - = ON=0=_N=1=0 Specific activity of 1 gmradiumis1 Curie.
o) Q20 (3
E, =-3.4eV T,= 3 = T,= o <T,,
The kinetic energy is equal to the magnitude of total .
energy in this case. So morethan half the nuclel decay.
. K.E.=+3.4¢eV Q21 (3
The de Broglie wavelength of electron y-rays are highly penetrating.
h
A= Q2
2mK N 1 n 1 t/T
Fractionremainsafter nhalf lives — = (—j = (—j
~ 6.64x10% o ' ves L, Tl2) T2
B 31 19 T2
V2x9.1x10 % x3.4x1.6x10 | A‘HT _[ljm o
=0.66x10°m TNy \2 2 V2
23 (1
@ | | Q3 )
Let the initial mass of uranium be M Final mass of Number of half livesin 20 min=n= 5 )
. . 3
uranium after timet, M :ZMO 1
i L ) Fraction of material remainsafter four half lives= —
According to the law of radioactive disintegration. 16
uT 1 15
M (1 Mo _ (o7 Hencefraction that decays=1- -— = — =93.75%
Mg \2) — M =(2) 16 ~ 16
0
M t Q24 (&
- lo —01-"|o 2
910[ M J T Gho(2) | [1]%2 A_G)%_E
" , By usingA=A, 5 = A, = =3
logo [Mo] Tlogyg (3)
-T - Q25 @
logio(2)  logio(2) A-A' 235-207
n,= 2 = 2 =7
Tlog,o(1.333) 9 (0.1249j
=— > =45x10"| —/———— =(2n —Z+2') =(2x7-92+82)=4
l0g10(2) 0.3010 N =, ) = )
26 (3
= t=1.867x10%yr. Q ®
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Q.27
Q.28
Q.29
Q.30
Q.31
Q.32
Q.33
Q.34
Q.35

Q.36

Q.37

Q.1

Q2

Q.3

Q4

Q5

Q6

@

@

@

@

@

2

2

2

©)

(O

@

Total mass of reactants=(2.0141) x 2=4.0282 amu
Total mass of products=4.0024 amu

Massdefect = 4.0282 amu —4.0024 amu = 0.0258 amu
. Energy released E =931 x 0.0258 =24 MeV

EXERCISE-IIl (JEE MAIN LEVEL)

)

Q7

Q8

Q.10

(4) the binding energy per nucleon in anucleus varies

in away that depends on the actual value of A.

@

Q= (2BE,,~BE,)
=(2x7.06x4-5.60%7) Mev
=17.28Mev.

©)

1
lamu.= 12 [mass of one ,c*]

ForC=>A=12

@

AX+AX 5 2Y
E,-2E,=Q

&)

3B > A+e

\ \!

E, E,

e=E -3 = 3E =E,-e

Q.12

Q.13

Q.14

Q.18

©)

BE/ Nucleon =

‘Z‘He:>%:7MeV

§Li:>57—2:7.4MeV

1205997 5Mev
12

1iN= 28 _7Mev
14

Elementswith more BE/nucleonismore stable.

(©)

Energy released = [(80 % 7) + (120 x 8)] —[200 x 6.5]
=220MeV Ans.

@

aHe + N > Yo +1H

@

n>p+e+ |

Statistical law of radioactive decay

@

Energy of v photon

=Differencein energiesof o particles=0.4MeV

(1)

Theweight will not change appreciably asthe process

isb - decay.
@
€)
A=2N
_0.693
A, - 0:693 U9
A, :0.693N0e % AL Hea gt
4 A,
-0.693
=2e 2
@
0.9N, =N,e™

N=N,e % N=N,0.9x0.9
N=081N,
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Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

PHYsIcs 55

) Q.23
hyih, =1:2
A, = 1,By A, = 2B,

@ Q.24
f -1 e’ =0.634

ST SRR P A IS SRS
;=1-e " =1-e 2) 2

@

Initial =N

Total decayed in 10 years
N, N 3

[o] [o]

To Mo _ 2N
2 22 4"
3N,

Prob= = 4N Prob=75%

[o}

@
dN
Prob of decay by I, = ~y ==t Q1
1

TotalPr ob=dWN=kdt

Adt=x,dt +2,dt
=0y +2s

©)

No effect of concentration on activity.

@
. 3200x10°
time=—"—~——

2000
1600 —»1600sec.
Remaining after two half time

8
No (107 55,108
4 4

Q.2
@
(1) no of molesof ;H? consumed
1MW x (24 x 3600)sec/ day
T (20MeV x 6.023x10%%)

~ m=01g

Nuclei

@

Fusion reaction ispossible at high temperature because
kinetic energy is high enough to overcome repulsion
between nuclei.

)
Q=(BE, +BE,—Be)
=(2x 117x 85-236% 7.6) MeV = 195 MeV » 200 M&V.

(4

No. of nuclear spliting per second is
100MW 100

_ 1
N= 200Mev ~ 200x1.6x10 10 °
No. of t Lib atted—@x—l x 25

0. Of neutrons L1per = 200 1.6><10_19 .
S—l

125
_ 18 1
=g x10°s

EXERCISE-IV
0026
hc

M= eV,

1 1 1
hka REW T2
13 M
10 PP = (XKQ —7)
CE
107\‘Ko¢_ 10 2 kth

3(4x10”’ (8)12.4x10_7
10 3(z;)* ) "\10) 155x10°

5000 1y
= =(z—-
g ~ @1
625=(z—1)? =2z=26
0003
A B
t=0 N,y N,
t, =3 days N N

2N=N, (05) ty/x,
N=N, (05)t/x,




Nuclei

Q3

Q4

Q5

Q.6

1 1
2=(05)t, T_l_;

3
—051=(05) (— - 2}

T

3
=-1=—"-2 .. 1,=3days
T

0653
Reaction Energy = Amc?

=(63.9297642—-63.9279660—2 % 0.0005486) x931.5=653

KeV]

0136

7.2=12A

A=6%=216
128x1017=Zx1.6x107"°

16 %7

N=A-Z=136

00011

Evaporations and reaction hasratesimilar tofirst order

reaction rate
Hence

1 1 1
= -

tyy (tllz)evoparaﬂon (t1/2)suction

i =6 hrs
tyo

16
Hencewater left = > =1kg

1830

Energy available= E HV,4% =Qvalue.

7x1
7+1

xVv,42=Qvaue.

1
= —_ X
2

1 2
:—xvre| :Qx?

2

8
K;=1645x =1880keV

=

Q.7 0020
4He2—> 1Hl +3H 1
am=m(4He) - m(*H, ) - m(®H, ) =—0021271
E=Amc?
=-19.81MeV
—ve sign shows that energy is supplied.
Q8(Y
QI9(Y
Q.10(1)
Q11(2
Q.12(3)
Q.13(1)
PREVIOUS YEAR’S
MHT CET
Ql @
Q2 (I
Q3
Q4 (@
Q5 @
Q6
Q7
Q8 (4
If A, and A, are the mass number of two parts. The
radius of nucelusis given by
R=R, (A)*
So,R =R (A)"andR,=R (A)"
1/3
R _[A
R, (A,
3 3
AR _ (Ej _1
A, \R, 2) 8
. m_A 1
.. Ratio of masses, m, A, 8
From conservation of momentum,
myv,=my,
v,_m, 8
=V, m 1 or8:1
Q9 @

Theinitial amount of substance =N,
and remaining amount =N

According to first order decay, N = N e ™

N _
Fraction of substance remaining = N =e!
0
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Nuclei

JEE MAIN

Herg t=1=—
Q1 @
ﬁZG%%Ze*l:E:ﬁ:i X+p—>y+b
"N, e N, 271 Q=ky +k,—k;
Q+k =ky+kb
. Fraction of substance disintegrate = 1 — 1~ Q+kp>0
0
Qz (@
P N O aic
271 271 3
. Fraction of disintegrated initial quantity will be MassNo. of A = 220, (E;/ggA —EBMeV
2
(EJNO- o (BA)
MassNo. of B =105, =6.4MeV
105
NEET /AIPMT B.A
Q1 : €] MassNo. of C=115, (115)0 =6.4MeV
Number of nuclei remaining = 600—450= 150 Q=[(B.E), oy~ (B-E), e
N (1) Q=[(B.B),+(B.E).-(B.E),]
N = 2 Q=[(5.4) x 105+ (6.4) x 115—(5.6) x 220] MeV
0 Q=176 MeV
t
EO_[&)@ Q3 &>
600 \2 "
m —
12 (1) m, _ 0(2)
50 )
0
t=2t,=2x10 2
=20 minute o
M - (1) B
Qz (I m, \2
t=nxT,
Q3 @ 16=n, x4
n=4
4 @ 16=n,x8
n,=2
Q.5 ) 5
4-2 2
m, 1 1 1 X 1
=S| =5 = = ==2x=25
R Mg (2] (ZJ 47100 2
Q7
Nuclear Radius: Q4 @
R=R_ (A)¥" 1
o) R=R,A?
R(125) _R,(125" _5
R4 R,(64" 4 RﬁAm :»fn(Ri) :%fn(A)
0 0
Qs 0@ InR/R,
ZNa—> X +e +v
Thisis * - decay
ZNa—> LZNe+e'+v
0o —» InA
PHysIcs 57



Nuclei

Q5
Q.6

Q7

QS8
Q.9

Q.10

Q.u

@ Q.12
€

M griteeg = 670NM

Ay =670.7nm

v="?

c=3x10°m/s

If v<<c

670.7—-670 v
= -

As ~Nemives _ V
c

Nt 670  3x10°

V=313x10°m/s
@
A=+,

In2 2 In2 (ty2), X(t2),

R

(tl/2 )eq (tllz)l (tﬂz)z (tﬂz)l(tj/z)z
3x45 3x45 :E —18hr

3+45 75 5

€

@

A,=256x 10"
A=2x107

Half life=5day

Total times="?
LA=AM
256x1073eM=2x10"°

%(t) - In(128)

Q.13

5In(128)
_W:5X|093128:5X7=35day3
@
D——»D,—»D,—»D,—>D,
During o, decay atomic number decrease by 2 and mass

number decreasesby 4. ' D77’ D,

During - decay, neutron convertsinto proton. Atomic
number increase by one and mass number remains

Q.14

1 178

same.'*pD —F 55 D, Q.15

o 174
]7;8 D,—n D,
During y decay, photon is emitted, no change in mass
number or atomic number.

(20

Letinitially M isno. of nuclei in the sample then

M t,/2 % tyn ﬂ typ % tyo %
° 2 4 8 16

100 - 50— 25— 12.5— 6.25%

After 4 half lives6.25% of initial sampleremains
Totd time=4x5=20years.

&)
dN,

R, = 0 = )N, = 4250
dt

R,=—AN=2250
N 2250

N, 4250

N

— =188

N )
N =N, e

N _ (1)

NO
1.88=¢%

Log,(1.88) =101 log, e
0.274=10x 4343\
~0.274
4.343
A=0.063

)

Radiusof nucleusisgiven by R=(1.3x10%)AY*m, where
A ismass number.

So, we can say that radius of nucleus is directly
proportional to A3,

ie,

1
RaA3

[26]
E=-(2x1.1+2x1.1) - (-(4x7.6)) =-4.4+30.4 =26 MeV

©)
A, :
A= 6 (given) t=30year (given)
Now
A=—Cwheen=— T — Haflife
So
ﬁ = ﬁ =|n=4
1 2"

and 4=—> Tz%?z?Byear
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Q.16

Q.17

Q.18

Q.19

PHYsIcs 59

@ Q.20

A=Do
2n
0 Ao 0T e
A 5x10™*
N =7 hadf lifes
So 7x5 =35 days Q.21

S

7/8 disintegrates means 1/8 remains

1 3
or (Ej -, 3half lives=180days

(15
A=A, x2""

Ao _ Ayx 2T
64

- t=6T=6x25=15hours
@

7 . .
:§NO int=15min

(N =No. of nuclei which decayed)
N=N,(1-e™)

, 7 ,
gNo= N, (1) = 8" 1-e™
efM — 1_Z — E

8 8

=8
=18

t=15min& wKT t

In(2%) 31n2
gtz ——t= =3t
A A v2

@
Roc AYV3

V:ﬂnRaocA
3

Mass oc A

So density in independent of A

©
N=Nge™

N, e o F

e1 — e(kl—kz)t
(A A)t=1

1 1

2t
Ny € kot ot

1

%, 25h-16L O

Nuclei




Semiconductor Electronics- Materials, Devices
and Simple Circuits

SEMICONDUCTOR ELECTRONICS- MATERIALS, DEVICES AND SIMPLE CIRCUITS

Q.1

Q2

Q.3

Q4

Q5

Q6
Q7

QS8

EXERCISE-l (MHT CET LEVEL)

©)

=2 _10x10°A=10mA
2x10

v
R

@

The given gate is a NOR gate. The output is high,
when all inputsarelow.

Rl o|r|lol >
Rl R OO
o|lo|lo|r| <

Logic symbols
A

B
©)

(Bonus)

)
(m) = NOR gate

When both inputs of NAND gate are
connected, it behaves as NOT gate
OR+NOT=NOR

@
@

A positivefeedback from output toinput inasamplifier
provides oscillations of constant amplitude.

@
| - ON

Il -> OFF
Inlind stateit isused asaamplifier it isactive region.

Q.9

Q.10

Q.11

Q.12

Q.13

@

Theoutput ac voltageis2.0V. so, the ac collector current
i,=2.0/2000=1.0mA.

The signal current through the base is, therfore given
by, i, =i/P =1.0mA/100=0.010mA.

Thedc base current hasto be 10x 0.010 = 0.10mA

RB = (VBB-VBE)/I B
Asumi ngVBE =0.6V, RB =(2.0.06)/0.10=140

(1)

Thefinal boolean expressionis,

X = (AB) = A+B = A+B = ORgate

©)

Given: Voltage acrossthe collector V = 2V; collector
resstanceresistance, R =2 x 10°Q2; BaseresistanceR,
=1x10°Q; Input signal voltage, V, = ?

L.
h(' =)
Rcé Output =2V
Input Ry ‘_.___.
j— il
V,=2V
Vo=IcRc =2
= la= 103A
€T 2x10°

Ic
Currentgain &= E =100

—3
= I_C = _10 = 10_5

= = A
100 100

=B

V, =Rglg = V; =1x10*x10™°
=V, =102V =V, =10mV
@

During the operation, either of D, and D, bein forward
bias. Also R, and R, are different, so output across R
will havedifferent peaks.

@

24

R
Voltagegain, A = BE =0.6x 5- 4.8

60
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Q14 (2 Q.38
forward bias opposes the potential barrier and if the
applied voltage is more than knee voltage if cancals
the potential barrier..

Q15(1) Q.16(2 Q.17(4) Q18(2 Q.19(3)

Q20(4) Q21(3 Q221 Q2373 Q.24(1)

Q25(2) Q2604 Q273 02873 Q.29(4)

Q3013 Q31(1) Q3214 Q3312 Q34Y

Q35(4) Q36(4) Q372 Q38(4) Q.39(

Q40(1) Q414 Q421 Q4312 Q44

Q45(4) Q46(1) Q474 Q48(1) Q49(3

Q502 Q51(1) Q524 Q533 Q543

Q554 Q5612 Q57(2 Q58(1) Q592

Q.39
EXERCISE-1l (NEET/JEE MAIN LEVEL)

Q.1(2 Q.2(2 Q.3(1Y Q4(D Q50

Q.6(3) Q.7()) Q.8(2) Q.9(2 Q.10(1)

QU((2 0Q12(1) Q13(1) Q147 Q1502

Q.16(1) Q.17(3)

EXERCISE-III

Q1(2 Q.2(3) Q.3(1) Q.4(3) Q5(1)

Q.6(1)

Q.40
PREVIOUS YEAR’S

MHT CET

Q1(2 Q.2(3) Q.3(1) Q4(2 Q5(3)

Q.6(4) Q703 Q.8(3) Q.9(2) Q.10(2)

Q.11(2 Q12(2 Q.13(1) Q141 Q.I5(3

Q16(2) Q17(4) Q183 Q1913 Q.20(2

Q21() Q2(1) Q.23(2 Q24(33) Q.25(2

Q26(2 Q27(2 Q282 Q2903 Q.30

Q31(1) Q32(2 Q33( 0343 Q.35 Q.41

Q.36(1)

Q37 (4
According to given situation, truth table can be given
as

Input Output
A B AB (Y)= AB
0 0 0 1
0 1 0 1
1 0 0 1
1 1 1 0

PHYsIcs

Hence, the given logic gateisNAND gate.

61

Semiconductor Electronics- Materials, Devices
and Simple Circuits

@
Given, voltagegain =40, Rin=100Q.
R, =400Q

Rout
Since, voltagegain =3 R

n

= B =voltagegain ><R_in
out

= 40><@ =10
400
Power gain = % voltagegain
=10x40=400
©)
For CE n-p-ntransstor, DC current gain
IC
Boc = |_
B
At saturation dtate, V . becomeszero,
=~ Vee-1.R=0
Y/ 20 1

I ~ cc —

°~'R T 4000 200

c

Hence, saturation base current
P T
® Boe 200x300 60000

A =16.66pA

4

Potential drop across silicon diode in forward bias is
around 0.7 V.

In the given circuit, potential drop across 300Q2 resis-
toris

AV=IR
AV 5207 4014330
R 300
orl =14.33mA
©)

Therespectiveoutput of each logic gateisshown be-
low

Here, Y'= AB=A+B

Y":A.(K+§):K+(z+§)

[By de morgan’stheorem]




Semiconductor Electronics- Materials, Devices
and Simple Circuits

Q.42

Q.43

=A+ (KE) =A+ (AB)

Y"-B(A+B=)=B+ (A+B)-B+(AB)

= B+(AB)

Y'Y"=A+(AB)[B+(AB)]

=<
I}

_ [K+A.B} + [E+(A.B)]

A(AB)+B.(AB)
=(A+B)(AB)=(A+B)(A+B)

= AA+AB+BA +BB

=0+AB+BA+0

-AB+AB

)

We know that, barrier potential of Ge, V, =0.3V and

barrier potentia of Si,V,,=0.7V
Redrawing the abovefigure as
0.3V 1Q 0.7V 20

L
19V

Applying KVL, weget
-19+0.3+11+0.7+21=0
=31=18=1=6A

(4

Thetruth table for given logic circuit can be given as

D

@ %
<

<

R|lR|FR| Ololo|lo|l>
Rrlolo|lr|r|lololm
Oo|lr|o|r|o|r|olO
o|lo|lr|o|lo|o|r
o|lo|r|olololo| <

1111|010
Thus,Y is‘High whenA=1,B=0andC=0

Q.44

Q.45

Q.46

Q.47

@

In aforward bias arrangement of ap-n junction diode,
the p-region is connected to the positive termina and
n- region is connected to the negative terminal of the
battery. The direction of conventional current is from
p-region to n-region of the diode.

(4

Thetruth table for aNAND gate is shown below

A— T
B— Y Y

|| ool >
Rrlo|r|lolw
Rlololo| <
ol ||k <

Itiscorrectly shownin S,

@

For an insulator, E_> 3eV, i.e. why electron transition
from valence band to conduction band is not possible.
For semiconductor, E, is near about 1 eV while for
metals E,=0eV.

)

Initially Geand Si are both forward biased, so current
will effectively pass through Ge diode with avoltage
dropof 0.3V.

oV

12v = Si £ 5ko

-, Initial output voltage, V = 12-0.3=11.7V
When ends of diode Geisoverturned, i.eit becomesin
reverse bias, hence only Si diode will work. In this
condition, output voltage,

V,=12-0.7=11.3V

0.7V
>
S
=12v £ 5kQ

1=

. Changeinoutput voltage=11.7-11.3=0.4V

62

Mut Cer COMPENDIUM



Semiconductor Electronics- Materials, Devices
and Simple Circuits

Q48 @3 Q7 &
Truth tablefor given network is Due to heating, number of electron-hole pairs will
A i A+ increase, so overall resistance of diode will change.
A+B Due to which forward biasing and reversed biasing
B both are changed.
- Output, v — A+ B
= Output of NOR gate Q8 4
Output Y of network matcheswith that of NOR gate, so
thegiven electrical network isequivalent to NOR gate. Q9 @
NEET/AIPMT Q10 (3
Q1 @
Qu @
2 4
Q @ Q12 (2
3 4
Q 5/) -0 Q13 (3
BE
xw'o Q14
b=0
20V A )oﬂL
o
B AB
C=A-BAA-B
using De-Morgan Theorem
C=A.B+A-B
| _(20-0) C=B(A+A)=B
¢ 4x10°3 Therefore
|, =5x10"° =5mA é B |C
V, =Vge +1gRg 0
1
V, =0+I5Rg 1
20= Iz x500x10°
20 Q15 (2
lg =————5=40uA In half waverectification
500X10 f =f
in out
-3 pf ,=60Hz
le_c:25X106:125 "
I, 40x10
Q4 &
Due to heating, number of electron-hole pairs will
increase, so overal resistance of diode will change.
Due to which forward biasing and reversed biasing
both are changed.
Q5 @
Q6 (3
PHysIcs 63
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JEE MAIN

Q.1

(4)

Q5
Q6

Dueto photonincidentin depletionlayer electron-hole Q.7
pairsaregenerated whichincreasestheminority charge Q.8

carrier and hence reverse bias current increases.

(15

@

@

%)

When the amplifier connectswith positive feedback, it
acts as the oscillator the feedback here is positive

Q.2 (750) feedback which means some amount of voltageisgiven
Al to the input
Currentgain, p=—¢ Q9 (@
Al
_15mA  15x107 'i‘ ? \6
10uA  10x10° 0 0
= 15x 109 013
=150 11110
vV 10mv o 0 1
R =T 7 ]
input | 10pA 1 0 1
L0x10° NAND Gate
B 10X 107 100
>< —
. Voltagegain Y=AB
g R Q10 (4
Rin
£ 10° /gut-off
X
=150 .
0 \ /vactlve
=150%5
=750
saturation
B 4
Q3 (5mA) S
V= 101 _ 5.55valt >V, (5volt)
18 . . _ When operated in cut-off modethereisno emitter, base
So zener diode is ON & voltage across R = 1 kQ is or collector current and thusit behaves as open switch.
V,=5Volt When operated in saturation mode emitter basejunction
V. 5volt isforward biased and thereis current in all parts of the
. L — — . . . .
L= =5mA circuit thus it behaves as a closed switch.
R, 1kQ
Q4 (D Qu (4
A —]
60Q
Y ~ Ofﬁ v
S
B 40Q
A >c . | |
v
Y
5 > 1-1(60)—0.61 (40)=0
8 04_,
N — 100
Y=(A+B)=(AB) | =4mA
Y=AB
64 Mut Cer COMPENDIUM



Q12
ThisNAND gate
A B Y
0 0 1
1 0 1
0 1 1
1 1 0

Q13 (2

Diodeistwo terminal deviceswhich conduct currentis

only onedirection. Q.18
Q14 (@
BothA & Rtrue& Riscorrect Explanation.
Q15 (@
In+vehalf cycle
D,—-FB.;D,—>RB.
0-0.6Vv
V,SameasV
In-vehalf cycle
D,—>FB.;D, > R.B.
Q16 (2
l?\;
v=1ov ¥ _FR=1000
|,,=10 mA
I = i = 20mA I=]_+l
100 zt
V=R [ =10mA
8=10x10°xR,__ If1,=0
4
gxlo = RLW ILmax =20mA
800 - RLmax VL = ILmax x RI-min
Q.19
E><1O3 =R,
20 min
400=R,
_Ran _ 800 _ 2
R, 400
min Q.ZO
Q17 (@

Ai, = changein base current = 100 nA
Ai_=changein collector current=10mA
R, =load resistance = 2 kQ2

Semiconductor Electronics- Materials, Devices
and Simple Circuits

R =1KQ

Ai,  10x10°
B="Ai, " 100x10° =

100

R, 2k
L,
Rg_ R, 1k

P =B (R) =(100)?x 2=2 x 2 x10*
P =2x10*
L x=2
x=16
Barrier potential
=04V
Speed of e
=6x10°ms?
Me=9x10%ande=1.6x 10%°
As the electron passes from n to p region, its kinetic
energy will decrease by same amount asthework done
by electric field because negative charge experiences
forcein the direction oppositeto electric field.
Kf=Ki-W_
W_=qV=16x10"x04
=64x102]

KE, = %><9><10_31 x 36x10%°

=162x10%]J
KE =162x10%-64x 102
=98x 102
1 2 .
= Eme (V, — final speed)

= %x 9x10%V? = 98x10°2

=V7?= %xm10

=V, = %MO"5 ms™

x=16
@

Givencircuitisof And gate

y=A.B

A B Y

0 0 0

1 0 0

0 1 0

1 1 1

(3]
hc 12400

AEg=— AE, =—— AE_=3.1eV
A 4000 ¢

PHYsIcs 65
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Q21 [2

>

20QQ B
® § ©

20Q2 150

20Q

>o @
MV
@

20Q 15Q

Q22 [9
At 100 volt

100x10 1000 _ 7142

10+ 4 14
71.42>V (60)

Sodiodewill be ON

If V =120thendiodeaso ON

I=@=15mA
4

V o102 =

across

AR

60V 1

(max) 120 —— 60V

I:@:15mA
4

[, =1—-1 =15mA —6mA =9mA

(max)

Q.23 [200]

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Rout

voltage gain = 90 = 200
@

A B Y

0 0 0

1 1 1

0 1 0

1 0 0

0 0 0

@

Currentgain = Al _2mA _

Al 5uA

conceptual / theory

@
Currentgainp =100

R0
Voltagegain = B—R_
10
=100x 1 =1000

A%
voltagegain= V—O =1000
1

v,=1000x 1x 107
=1 volt

@
, P-n Junction
P—-Type|- '1 n-Type

00 [ N ]
00 |« oo

A
!

+ +

E=

V _ Potential barrier Across Junction
d width of Depletion layer

06V
6x10°m
=1x10°N/C

=1x10°V /m

(480)
g-IR-V,=0
20-IR-6=0
IR=12

25x 10°R=12

12

R=———=480Q
25x10

Mut Cer COMPENDIUM
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COMMUNICATION SYSTEMS

EXERCISE-I (MHT CET LEVEL) V:§X103
5
6x10°
Q1 @ f=Y=_22 __6x10°
Q2 © A 5%x20x10
Q3 @ f=6GHz
Q4 @ Q3 )
Q5 ) Optical fibrefrequency rangeis1 THzto 1000 THz.
Q.6 @ Q4 (b
Q.7 @ (B) Guided mediachannd — Optical fiber (1V)
Q.38 ) (C) digital signal — Rectangular wave (I11)
(D) Frequecy modulation — Local Broad Cast (1)
EXERCISE-Il (JEE MAIN LEVEL) (A) Facsimile— Static Document Image (1)
Q1® Q24 Q3() Q4@ Q5 ¥ O
Q.6(2 Q74 Qs8(1 Q903 Q1o Q6 (@
Q.11(3) Q12(2 Q134 Q14(3 Q.15(1 y(t) =40sin (10 x 10° i)
Q.16(2) Q17(3 Q.a18(1) Q.19(1) Q.20(4) X(t) = 20sin (1000 7tt)
=n,=10"n
o, =101
PREVIOUS YEAR’S A =40
A, =20
MHT CET Equation of modulatedwave=(A_+A_sno t)sinot
Q14 Q.2(1) Q3(3) Q4(3 Q5(4 A,
Q6() Q7 Q8 Q9B “Ac|p Wnl]od
JEE-MAIN =Ac(1+msino,t)sinot, p=—m"
Ql (C) C m c AC
- _*
Sizeof antenna = 4 =A.sinot+ H‘;‘c [ cos(o, — @, )t-cos (o, +o,)t]
_ 3x10° _3 Amplitude of minimum frequency
35x10°x4 140 zﬂzﬁxizﬁ 0
=%x1000mm 2 A 2 2
Q7 (192
_ @ — 21.4mm LOS= /2Rh. + /2R
Q2 = V2R (| +hy )
A=4x5=20mm=20x%1073..[ . height of antenna= /4]
c = /2x64x10° (/25 +/49)
=
HeE, =192./5x10°m.
K=192
_ 3x10° _3
J1x6.25 25 Q.8 (0O
(a) For low frequency or high wave length size of
PHysics 67




Communication Systems

Q9

Q.10

Q.U

antennareguired is high. Q.12 (B)

(b) EPRislow for longer wavelength. . A=1000 nm 2% of source frequency available
E)? ;?:;ﬁ?naasnxgdsﬂﬁi?gngf gg;alstransml tted c=3x10®m/s Bandwidth of each channel = 8KHz

(d) Low frequency signals sent to long distance by ¢ 3x10°
superimposing with high frequency. s f= % T 10x107
© 3 .
Theory based = Exml =3x10“Hz
(10) L 2%off= = x 3 x 10Hz
a 100
=6x 102 Hz
R o Bandwidth 6x10° 3
— _ = — 9
No. of channel = frequency of channel ~ 8x10° 4 =10
=0.75%x10°=75x 107
3Q 60
Q13 (©
We know that range of an antenna of height as given
BV by d =/2RH
/A\ | | Where R is Radius of Earth.
U Using this
d, =d=+2xRx125
If1=01In10Q then
R 4 d, =2d=v2xRxH'
3 - 6 where H' is new height of antenna.
R=20 _ d _2xRx125
2d  J2xRxH'
R=2Q 40
YYYYY YWy 1 125
= —= [—
2 \H
36V Ov
T — =H'=500m
Increase in height
AMA A = H'_125
20 P =375m
14 150
— Q14  [150] |
" 15 15 Coverageradiusd = \/2Rh
AreaA= nd?

FromOhm'sLaw V =Req 100 x nd? =6.03x10°
X Td” =0.UoX

Vv
R 100x (2Rh) = 6.03x10°
|:—><15:— h: 100
54 54 x 2x 3.14 x 6400
h=0.15km
I =10A
h=150m
©
Bandwidth=2f
=2x10* Hz=20x10° Hz
=20kHz
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Q15 (9 Q19 (1
:Vmax_vmin MZA—mleO.Z
Vmax +Vmax AC
_ Q20 (A)
=u=ﬂ=£x100%=50%
6+2 8 2 A,
M= Ag
.16 2
Q @ . K <1 to avoid distortion
A = ¢ = 3><106 =50cm because 1 > 1 will result ininterference between career
f,  6x10 frequency and message frequency.
8
=230 ao0m Qa1 @
A,—1,=50-30=20m FM broadcast
Modulating frequency =20kHz =f
QL7 (@ o _ Frequency deviation  Af
A e —Anin Deviationratio= modulating Frequency
Modulation index, p:ﬁxlOO . g Frequency
max T A min = Frequency deviation—Af =f x 10
= 20kHz x 10=200kHz
_00=20 100- 29 100-50 — Bandwidth=2(f + Af)
60+20 80 =2(20+200) kHz
=440kHz
Q.18 4
h=100m o Q2 @
Range become triple than new height is h, than
- A
D =+/2Rh Modulationindex; m=—"
! Ac
Range Given 2Am:8
A +A =9=A_=5
DOC\/H m C = C
4
& _ & - m= 5 =0.8
D, \Vh Q23 (2
Frequencies present in output of square law device
30, _ |hy 2, f +f ,f,f —f 2f f
D, h, After passing through band pass filter.
fo+f f. 0
9:%2 h, —oh, Band width = 2f
! 20 6.28x10°
= = =" = 2MHz
h,=9x100 2n 3.14
h, =900m
h
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