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' tant of superpositi
41 Find the resul perposition of two w, s
\ave their ysual meanings. f aves y,=2.0sinot and y, =5.0sin(wt+30°) .
[GGSIPU, Dec. 2004, (4 marks)]

mpfe
anfs I

solu

Mgthod I
A ccording to superposition principle, we have Y =y, +y,

Hon. According to superposition principle,

Y =y, +y, =2.0sin(ot)+5.0sin(wt +30°)

= 2.0 sin ot + 5.0 (sin ©f cos30°+ cos wt sin30°)

5.0x+3
2

. =2.0sinot+ shmt+§2'—0cosmt

= (2.0+2.5%1.732)sin @t +2.5 cos ot
— 6.33 sin of + 2.5 cos ot
= Rcos Osinwt+ R sin 0 cos ot

Here Rcos0=6.33; Rsin®=2.5
R? (sin® 0+ cos” 6) = 46.3189
| R=638

Rsin® _ 394
Rcos©

9 =21.55°
Then Y = Rsin(ot +6)
— 6.8 sin(of +21.55°)

tan0 =

Method I1
Given a, =2.0, a, =5.0, =30

R = (a2 + a5 +201%2 cos30°)
e e i
o =1;'4+25+2x2x5xv'§,"2 =6.8

and Rsin®
: =_'_—#=ﬂ.394
kan'o RcosB

0 =21.55°
Y = Rsin(ot+9)
—6.8sin (

the resultant amplitude

Hence
wt t+ 21550}
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Problem 4.1 Two waves of same frequency have amplitudes 1.00 and 2.00. They interference at a point, yhg,
the phase difference is 60°. What is the resultant amplitude ? [GGSIPU, Dec. 2009 (3 marks)]

Solution. Given that a; =1.00, a, =2.00 and ¢ =60°
We know that, the resultant amplitude

_[2, 2
R= \/“1 +a; +2a,8,C08 @

=12 +22 +2(1)(2) cos 60°

=V1+4+42 =7 =265 unit.
Problem 4.2 Superimpose the following waves
y; =20sinwt; y, =20sin(wt+60°)

Show also the superimposition diagrammatically. [GGSIPU, Dec. 2013 reappear (3 marks)]
Solution. Given a; =20, a, =20 and ¢ =60°

......'

The resultant amplitude R= J af + a;'" +2a,a, cosg

= (20)2 +(20)2 2 2020 coc 60
=~/400+ 400+ 400 =203 =20+ 1.732 =34.64=135

. 5In g
Direction  tanf=— 2" °
Ay +8, COS P
P 1
__20xsin60° iy 1
2{]+2ﬂc055[l" E‘D‘I"EUH% '\"'5

0= tan"l(-l—]=30°
3

Resultant displacement Y =20+/3 sin(wt +30°) for Y =203 sin(wt +30°)
¥
| for y = 20 sinfwt + 60°)

-
e s e e ww oEm R = = e oam e

for ¥ = 2043 sin(wt + 307)

20 unit

-

qury-ZDsdnmt
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- Problem 4.5 A biprism is placed at a distance of 5 cm from slit illuminated by sodium light of wavelength

3 . 5890 A. Find the width of fringes observed in eyepiece at a distance of 75 cm from biprism, given the distance

between virtual sources is 0.005 cm. [GGSIPU, Oct. 2013 (2 marks)]
Solution. Given a=5cm, A=5890A, B=?, b=75cm, 2d=0.005cm
The fringe width (B) is given as

ﬁ=7w_12 _Ma+b)
2d 2d

_ 5890x10"° cm(5+75)cm _ 5890x10~® x 80
- 0.005 cm ~0.005

=4712 cm.

cm =589x8x10™° em

T e £ g
e e ik e D - G e i T . - -

Scanned with CamScénné-f | |



DELL
Stamp


Lol © Poivd b e utel S land
fFrov 148y |
o |
(2205 2 oad)™
B
Q&\P')‘L—:: DC)”"F L et

00, PT 6P Grad i —tesdE
—  uyel

N@\i PKH«\SD%W'\Q\::

YA A | |

2 ey 481D C S PSP i

Sy P-LiP) = L’\”:‘d
P-4 SYENTD,

New PalN Diffense =
N
Sy P QL P

b Q‘-qu@mk @J’}S[P '?-D) e -.

Se PSP = ___U_‘__‘f)__. o 2K
D D
Pow CD%J—M\Q.H\"K
' 2.9 NN D w_—= D NN

B = PR

Q"‘\"\?@ Widi P = Mg Yot —un
o D Gadh— D ny

Y- | 21—
> Dx , 9

o Scanned with CamScanner



e

L U Ay e R A Wl o S 4 S :

By DO ek e

Frben foras olun te fap Pl <7 1 fefteched gt

Qb"%@m a Hrew Proa -
h"t"\ (o, o) R Qoo

R ™ PR b nudnny o Hea [

APk S o) Hin Pllwg &

LIPS ParHy  Pellc i~ ‘ I
QL@"(‘) Y A PC&WHJ pad recked) ]4@
Alovg |
“j RC . |
AL C Q_gqrv\ Pt&‘f“"-[a P‘QQ’[(—Q-"'U—]
O\\o»} e D.
TN Pro QU Cbhh‘v{wggl _H\M\Ejkqd . Halm £ L,
Pt Dt flencne. be oz Pedlerd) P\“-Er' BL‘{:DP\, (o n
be  Gleddsl © Drawy B Kewas) ko BR Ang BF te O
ﬁVEJLQ o) Insdenst 1 ] and| yle o) refrschen M4 1.
OF e PodN Dt.muuu\d\ e bueon dod© NJ—I-LCM P“k%
CRBR4-DR) 1A ghren by
A= Papn EBCATH) LTl = Padn BEYA g,

o M ABGehy — Be —<D)
M= S - ggﬁégp - Q._%_
TSiRr ©D| D = b
BE— L (FD) &)
SVEWERENGN

Ay eeer) - uED)

2 MCBRECHPS -BD) | i (Bererd

o Kl = A CPCHLR) o A PR —) o LESSRE

How In B BRPF curz PRy pen preoyr
BF’ =24y p @
AALECAT 2 2l o pn

Scanned with CamScanner




Conelthon  for g W e
Pan DU = AR
9 At Cony ;tl%_ N2
DAL M = Q) 2
Coclihan forr Davric Reuns), -
P DW= Cand 1) Ny

2 oA rt » = C-D—V\t-D A
i jiD

‘\—‘)_'J«LF-C-D/SY“;\?\ ’

Trkerfongnn, du = Tiramy widisy \LJ S S

h
A
. H,
Cllcchive Pk
D penenQ -
B ulproe) P o
i tQplficl&crc:,T e D (Puge)
Prow  @© (D |
B= M Ceprp@RE) - Qe

‘i f; = u(& ) b tex | = lA“.:_ WA Y e ‘

- &= P MUE C—“&Y\:'\)\
= B bty Gty

Scanned with CamScanner



—

prample 411 A soap film, suspended in air has thickness 5% 10~ cm and viewed at an angle 35° to the

qormal. Find the wavelength of light in visible spectrum, which will be absent fora reflected light. The p for
the soap film as 1.33 and the visible spectrum is 4000 to 7800 A [GGSIPU, Dec. 2009 (4 marks)]

Solution. In colour thin film :
Given that: #=500 nm =50x10"7 m, i=35° p=1.33
We know that :

2ut cosr=nh

sini
and =
- sinr

(1)

thén ; ot s cosr=+(1-sin r){ (sm?,s” — [T —0186) =0.902

For first order i.e., n=1

Ay =2ptcosr=2x1.33x5.0x10"7 x0.902

=1.199%107° m = 12000 A (approx.)
For second order i.e., n=2 '

A, = 2|,Lt cosr

=putcost =1.33x5.0x1077 x0.902 =6000 A (approx.)

For third order i.e., n=3

_2ptcosr “2x1.33x5.0x1077 x0.902

Ay 3 5 = : =4000 A (approx.)

For fourth order ie.,, n=4

2ptcosr  2x1.33x 5.0x10‘7 x0.902
Ay = P o ER =3000 A (approx )
Hence Ay and A4 wavelengths of light in visible spectrum will be absent.
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Example 4.14 In a Newton's ring experiment the diameters of 4th and 12th dark rings are 0.4 cm gpg
0.8 cm respectively. Deduce the diameter of 20th dark ring.  [GGSIPU, Dec. 2011 ; Dec. 2012 (2.5 mark))

~ Solution. In Newton’s ring experiment,
Given that: n=4; (m+n)=12,- m=8
D,=04cm and D, =0.8cm
The wavelength of sodium light using Newton's ring is

2 2
_ Dion —Us
4mR
' 2 2
or 4\R = Dinin =Dn
- m
0.8)% —(0.4)>
= 4AR = 08 -04) (1)
m
We know that the diameter of nth dark ring in presence of air is
: 2
D, =4n\R
= Dj, =20x(4AR) - )

Putting the value of 4AR from Eq. (i) in Eq. (ii

20x[(0.8)% - (0.4)2
D§ﬂ= [0.8)" - ¢ )]=?x1.2x0.4 = Dzu=1'2€m

8

ﬂm—j—g A'I‘{"’wm" ring arrangement is used with a light sources of wavelength A, =6000 A and
A, .=5000 and it is found that the nth dark ring due to A, coincide with (n+ 1)th-dark ring due to .. If the
radius of curvature of curved surface of the lens is 90 cm, then find the diameter for the nth, dark ring for Ap
[GGSIPU, Sept. 2009 (3 marks)]
Solution. Given A, =6000 A for nth ring

A, =5000 A for (n+1)thring, R=90 cm =0.9 m

and (D, );,1 =(D, 4 )12 | [ D, =/4nkR]
or ' JAnh R = [4(n+1)A,R
or nh, =(n+1h,
= 6m0xn=(n+1)x 5000.
= n=>5
Dn = 4nlIR

D, =4x5x6000x10~7x09 =3286x10~°m
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Example 5.6 Show that only first order
ihe wavelength of the light.

Solution. Given (a+b) <2}, suppose (z+ b)=(2A-x)
(a+b)sin6 = nh

spectra i ible i .
Pectra is possible if the width of grating element is less than twice
[GGSIPU, Dec. 2013 reappedr (3 marks)]

; then grating formula

0 =90° for highest order
(2A—x)=nA
= 2A=-x
A

which is less than 2 or it is first order spectra.

Example 5.7 A parallel beam of light is made incident on a plane transmission diffraction grating of 15000

lines per inch and angle of 2nd order diffraction is found to be 45°. Calculate the wavelength of light used.
[GGSIPU, Dec. 2015 reappear (4.5 marks)]

- Solution. Given : N =15000 lines/inch'=%gg—0 lines/cm,

n=2, 0=45% A=?
We know the grating formula,
(a+b)sin 6=k
A= (_“TEE‘E | ..(7)

n

_1_254 (i)
(a+8)=3=15000

or

Putting Eq. (ii) in Eq. (i), we get 7
_2.54sin45° _5gg7,107% =5987 A
150002
Example 5.8 A plane transmission grating has 15000 lines per inch. What is the highest order of the spectra

which can be observed for wavelength 6 000 A ? If opaque spaces are exactly two times the transparent spaces,
“Which order of spectra will be absent 7 . [GGSIPU, Dec. 2015 reappear (3 marks)]

Solution. N =15000 lines/inch
254 . 2 _6000A=6.000x10" cm
_ =22 em; A =6000 ‘
(a+5)= 15000 ’

We know the grating formula
(a+b)sin 0=\

For highest order, sin6=1

5
(a+b) _2.54x10" _5 g ~ 3 (approximatel
n="5" " 15000x6 (app 2tely)

Hence the third order is highest order Visible
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Problem 6.14 A 20 cm long

Problem 5.7 A plane transmission grating having 6000 lines per cm used to obgj

- N A specty
light from a sodium light in the second order. Find the angular separation between the -

two sodiyy, lings
(A, =5890 Aand ), =5896 A). [GGSIPU, Dec. 2017 (55 gy
Solution. For diffraction grating,
i 1 :
(a+b)= 005 M =g m, Ay =5.890x10 “m, A,=58%x107p

(8, -8,)=angular separation between two spectral lines =?
. 7+ Condition for maxima,
(a+Db)sinB =nh

(a+b)sin®, =ni,

A

smﬂl = ﬂ— 1
(a+b)

| -7
= . Sm-1[2x5.890><101 x6000><100]= 4195
and (a+b)sin®, =mh,
A
sin@, = ot
(a+b)
07 ,
= 92=sm_1[2x5,896x101 xﬁoooxlog]zm%l'

‘ g A tube containing sugar solution is placed between crossed Nicols and
illuminated with light of wavelength 6x 10™° cm. If the specific rotation is 60°/dmigm/cm® and optical

. rotation produced is 12°, determine the strength of the solution.

' [GGSIPU, Sept. 2011 (2 marks) ; Jan 2015 (3 marks)]
Solution. The specific rotation S of a solution is given by

-

6
S} =
_ 5]y IxC
Here, 6=12% [=20dmand S =6[lf’dm£gmim3
12.
= =), =].D [:
D% 0.1 gm/cc =10%
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Problem 5.1 Diffraction pattern of a single slit of width 0.5 cm is formed by a lens of focal length 40 cm.

Calculate the distance between first dark and next bright fringe from the axis, A=4890 A .
[GGSIPU, Sept. 2012 (3 marks) ; Sept. 2013 reappear (4 marks)]

Solution. For Fraunhofer diffraction through narrow single slit, given -
a=05cm=5x10""m,
f = focal length of lens =40 cm =0.4 m
2.=4890 A =4.89x10"" m

Distance between first minima and first secondary maxima =X, =%;.

.+ Condition for minima is written as asin 8 =ni

L A g X,
= forn=1, sinf=— and sinB=—

a f
x I _3912x107% m.
a

.+ Condition for secondary maxima is written as

asmﬂ=(2n+1)%

= forn=1], mﬂzgif and Siﬂﬂ=72
3fA
Hence X, =,2_Ji_
-7
_ 3x0.4x4.89% I;Zl _5868x10-° m
2x5.0x10"
= (x, —x,)=1.956x107 m.

Problem 6 - o
| thickness of th i Fzﬂﬂne- polarised light is incident on a quartz plate cut parallel to the axis. Calculate the less
. v ¢ plate for which the o- and e-rays combine to form plane polarised light. !

Ssume that l"’e = 1.5533 and H, = 1.5442 and A.=5.4 x 1[]_5{,711 [GGSIPU, Dec. 2015 @ )

. Solution. In this case the quartz plate must act as half wave plate. Thus if ¢ be the required
thickness then we have

A
Be—p)E=5
or O R
2(n, = 1,)
Putting the given values, we get
_ 54x10°em
2 (1.5533 —1.5442)

 54x10"°em
T 2%0.0091

=3x10"*em.
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Example 5.5 How many orders will be visible if the wavelength of an incident radiation is 5000 A and

number of lines on the grating is 2620 per inch ? [GGSIPU, Dec. 2013 reappear (2 marks)]
Solution. Given A =5000 A =5.0x10"" cm,
N =2620 LPI, then grating element (a+ b) =% cm,
We know grating formula (a+ b)sin 0 = n (for highest order 8 =90°), then (a+b)=n\
- e (a+b)
A
24, 1 _1938-19

=—2x
2620 50x107°

Example 5.10 What is the least separation between wavelengths that can be resolved near 640 nm in the
second order, using diffraction grating that is 5 cm wide and ruled with 32 Eites, per hiliineize.
[GGSIPU, Oct. 2013 (2 marks)]

Solution. Given A=640 nm, n=2, N=32x50 =1600, diA=7?

We know resolving power of grating is given by
A

& e aN
"

=

~nN

_640x10~m _ 6400
2x1600 3200

=2x107" m=2 A

x10710 m

. problem 5.8 Deduce the missing order for double slits Fraunhofer diffraction pattern, if the slit widths
R0.16 mm and they are 0.8 mm apart. [GGSIPU, Sept. 2011 (2 marks)]
'\ Solution. Given that
| a=016mm ; b=0.8mm
If abe the slit width and b the separation between slits ; the condition of missing order spectra
s given by

a+b_n

a m
0.16+0.8 n
016 m
L
0.16 m

n=6m=6,12,18, ... (m=1,2,3, ...)
Thus 6th, 12th, 18th, ... orders will be missing.
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