SOLUTIONS TO CONCEPTS

CHAPTER 17
1.  Given that, 400 m <A <700 nm.
1 1 1
<—x<
700nm A  400nm
1 1 1 3x108 ¢ 3x108

(Where, ¢ = speed of light = 3 x 10° m/s)

= <—< = <—X
7x107 A 4x107  7x107 A 4x107
= 43x10"<c/h<75x10"
=43x10"Hz<f<7.5x 10" Hz
2. Given that, for sodium light, A = 589 nm = 589 x 10° m

8
a) fa= _3x10° 509 % 10" sec! [-.-f:ﬁ}
589x107° Py
- M3, =443 nm

= =
m, Ay 1.33 589x107°
c) fy=f.=5.09 x 10" sec™' [Frequency does not change]

8
dy Ha - Yw _HaVa _3X107 5 o5 10° misec

Mw Vg [T 1.33 O®
3. We know that, #2 = V1 <
Mo Vo

*

8
So, 1472 _3x10 = V400 =2.04x10°m/sec ?*
1 V00 Q~
[because, for air, u=1and v =3 x 10° n)Lgk
8
Again, 1452 _3x107 _, Vg0 = 2.0 @n/sec.
1 V760

1x3x 108
4w
(2.4)x10
5. Giventhat,d=1cm=102m,2=5x10"mandD=1m
a) Separation between two consecutive maxima is equal to fringe width.

-1.25 {si velocity of light in vaccum }

velocity of light in the given medium

-7
So,p=R 210 1 5 10°m=0.05mm.
d 1072
b) When,=1mm=10"m
-7
10°%m=210" 55410 m=050mm.

6. Giventhat, p=1mm=10"m,D=2tmandd=1mm=10"m
_ 25x A
1073

7. Giventhat,t d=1mm=10"m,D=1m.

So, 10°m =1 =4x10" m =400 nm.

So, fringe with = % =0.5 mm.

a) So, distance of centre of first minimum from centre of central maximum = 0.5/2 mm = 0.25 mm
b) No. of fringes = 10/ 0.5 = 20.
8. Giventhat,d=0.8mm=0.8x10"m, A =589 nm=589x 10 mand D =2m.
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10.

11.

12.

13.

14.

15.

Given that, x =500 nm =500 x 10 mandd=2x 10" m D
AD %

A\

|

B _ % _500x10°
D d 2x1073
= 25 x 107™° radian = 0.014 degree.

S0, 0= =250 x 107°

We know that, the first maximum (next to central maximum) occurs aty = %

Given that, A1 =480 nm, A, =600 nm, D =150cm =1.5mand d = 0.25 mm = 0.25 x 102 m

_ Dk, _1.5x480x10°°
d  025x10°

_ 1.5x600x107°
0.25x107°

So, the separation between these two bright fringes is given by,

.. separation =y, —y; =3.60 —2.88 = 0.72 mm.

Let m™ bright fringe of violet light overlaps with n™ bright fringe of red light.
mx400nm xD _ nx700nmxD jmzz

d d n 4

So, =2.88 mm

= 3.6 mm.

I
|
As shown in the figure, angular separation 6 = B =— == |
D db d |
| 0
I
|
|
|

T

= 7" bright fringe of violet light overlaps with 4" bright f@d light (minimum). Also, it can be

seen that 14" violet fringe will overlap 8" red fringe.
Because, m/n = 7/4 = 14/8. < )

Let, t = thickness of the plate OB .
Given, optical path difference = (un — 1)t = 1/2
_ A ;
2(n-1)

a) Change in the optical path = pt —t s=(u —\)t
b) To have a dark fringe at the cen pattern should shift by one half of a fringe.
A

_ A

Given that, = 1.45, t = o.@ =0.02 x 10> mand A =620 nm =620 x 10° m

We know, when the transparent paper is pasted in one of the slits, the optical path changes by (n — 1)t.

Again, for shift of one fringe, the optical path should be changed by A.
So, no. of fringes crossing through the centre is given by,
(u-Nt  0.45x0.02x10°°

A 620x107°
In the given Young’s double slit experiment,
1 =1.6,t=1.964 micron = 1.964 x 10° m

(n="t
A

n= =14.5

We know, number of fringes shifted =

So, the corresponding shift = No.of fringes shifted x fringe width
- (H_1)tXE_(H_1)tD (1)

A d d
Again, when the distance between the screen and the slits is doubled,
Fringe width = @ ...(2)
From (1) and (2), (u="D0 _ M2D)
d d
-6
= A= (u;1)t = (1'6‘1)X(12'964)X10 = 589.2 x 10° = 589.2 nm.
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16.

17.

18.

19.

20.

21.

Given that, t; =t, =0.5mm = 0.5 x 10° m, p,, = 1.58 and p, = 1.55,

A=590nm =590 x 10°m,d=0.12cm=12x10"m,D=1m Screen
-9 .
a) Fringe width = DA M =4.91x 10" m. mica
d 12x10 S;
b) When both the strips are fitted, the optical path changes by _f;\é O
AX = (pm = Tt = (o — Ntz = (U — pp)t S
= (1.58 — 1.55) x (0.5)(107%) = 0.015 x 107> m. polysterene
-3
So, No. of fringes shifted = m =25.43.
590x10~
= There are 25 fringes and 0.43 th of a fringe. (1-0.43)p ~ | Dark
= There are 13 bright fringes and 12 dark fringes and 0.43 th of a dark fringe. fringe
So, position of first maximum on both sides will be given by 0.43p
. x=0.43x4.91x10*=0.021cm T
X' =(1-0.43) x 4.91 x 107" = 0.028 cm (since, fringe width = 4.91 x 10~ m)

The change in path difference due to the two slabs is (1 — pp)t (as in problem no. 16).
For having a minimum at Py, the path difference should change by A/2.

So, = M2 = (-t > t= —
2(ny —p2)
Given that, t = 0.02 mm = 0.02 x 10°m, p; = 1.45, . = 600 nm = 60Q,x 10™° m
a) Let, I = Intensity of source without paper = |
b) Then |, = Intensity of source with paper = (4/9)l O

li:g:rizg[becauselocrz] CJ
b 4 r, 2
where, rq and r, are corresponding amplitudes. ?\

[CEEA
Imin (r1 —-h ) %
b) No. of fringes that will cross the o@s iven by,
n=(u—1) (1.45-1)x0.02x1
A 600 x K‘
Given that, d = 0.28 mm = 0728 03 m, D =48 cm =0.48 m, A, = 700 nm in vacuum
Let, A, = wavelength of red in water
Since, the fringe width of the pattern is given by,

AyD  525x107°x0.48

p= = —— =9x10"m=0.90 mm.
d 0.28x10™

It can be seen from the figure that the wavefronts reaching O from S; and S, will \
have a path difference of S,X. |Sw
In the A S4S,X, Po
sin 6= %

$iS; ! s,
So, path difference = S, X = S;S, sin6 =d sin6 =d x A/2d = A/2 X

As the path difference is an odd multiple of A/2, there will be a dark fringe at point Po.
a) Since, there is a phase difference of n between direct light and
reflecting light, the intensity just above the mirror will be zero. Screen

b) Here, 2d = equivalent slit separation IS*
D = Distance between slit and screen. T !
We know for bright fringe, Ax = yx2d ni 2d_!
D i_ /rr,/);r 7 i
But as there is a phase reversal of A/2. 4
S
:>yx_2d+£=n}\’ :>y><2d=n}\‘_&:>y=£ :2: D »|
D 2 2 4d
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22.

23.

24.

25.

26.

Given that, D =1 m, » = 700 nm = 700 x 10° m
Since, a=2mm, d =2a =2mm =2 x 10~ m (L loyd’s mirror experiment)

AD _ 700x10°mx1m

Fringe width = 3 =0.35 mm.
d 2x107°m
Given that, the mirror reflects 64% of energy (intensity) of the light.
So, M_opesa-18_n_4
I, 25 r, 5
So, tmax - (1HR) _gq g,

Imin (r1 - r2 )2
It can be seen from the figure that, the apparent distance of the screen from the slits is,
D= 2D1 + D2

So, Fringe width = % = M

d
Given that, A = (400 nm to 700 nm), d = 0.5 mm = 0.5 x 1073 m, |
D =50 cm = 0.5 m and on the screeny, = 1mm=1x 10°m | 4
a) We know that for zero intensity (dark fringe) A Vn 1 Tm
d=0.5mm
Yn = (2n+1jan wheren=0,1,2, ....... @ il D
2 d O |<—50cm—>
-3 -3
o = 2 rd 2 ><10 x0.5x10 N 2 6 2 <10%nm
(2n+1) D 2n+1 0.5 (2n N)* (2n+1)

lfn=1,2% =(2/3)x 1000 = 667 nm
Ifn=1,2%,=(2/5)x 1000 = 400 nm %
So, the light waves of wavelengths 400 nd’ 667 nm will be absent from the out coming light.
b) For strong intensity (bright fringee hole
Jom D Y
" d " nD

AT
When, n=1, A, = yE")d 2 ><8.5><10 —10®m =1000nm .

1000 nm is not present in the range 400 nm — 700 nm

Again, where n =2, A, = };’I‘; =500 nm

So, the only wavelength which will have strong intensity is 500 nm.
From the diagram, it can be seen that at point O.
Path difference = (AB + BO) — (AC + CO)

=2(AB—-AC) [Since, AB =BO and AC = CO] = 2(-Jd? +D? —-D)
For dark fringe, path difference should be odd multiple of A/2.
So, 2(vd? +D? —D) = (2n + 1)(A/2)

O+— x—>

= VJd?>+D? =D+ (2n + 1) 1/4
= D?+d?=D?+ (2n+1)?A%/16 + (2n + 1) AD/2
Neglecting, (2n+1 )2 22116, as it is very small

We get,d= ,[(2n+ 1)%

For minimum ‘d’, putting n = 0 = dyin = [% .
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27.

28.

29.

30.

For minimum intensity
o SIP=S,P=x=(2n+1) A2
From the figure, we get

Screen
= \/22+(2x)2—2=(2n+1)% | S
t
2
2 2 _ 52 20
= 22442 =22 + (20417 T+Z(2n+1) 203 P
2 292 2 2,2 z
L g2 B2 -0+ 12(02/4) 1607 —(2n+ 172 ) S,
(2n+ 11 4(2n+ 11
Putting, n=0 = Z=15)\/4 n=-1=272=-151/4

nN=1=2Z=7112 n=2=2Z=-91/20
- Z=T7TA12 is the smallest distance for which there will be minimum intensity.
Since S4, S, are in same phase, at O there will be maximum intensity.
Given that, there will be a maximum intensity at P.
= path difference = Ax = n)
From the figure,

(81PY = (S:P)* = (VD? + X2 2 — ({J(D—20)? + X2 )?

= 40D - 42 = 4 AD (A? is so small and can be neglected)

SP_SP 40D N Screen
= 9P =9FP = —————==n

2x? +D? O
20 C)

= =V

Vx? +D?
= n° (X*+D%)=4D" = AX = —\/4 n Qj
whenn=1,x= 3D 1Storder \\

n=2,x=0 (2nd orde@
.. When X = \/5 D, at P there wH@r imum intensity.

As shown in the figure,
(S1PY* = (PX)” + (S4XY’ @ (1)
(S:P)? = (PX)? + (S,X)° .(2) P

From (1) and (2),
(SIPY ~ (S2PY = (SX) - (2 /
= (1.5 + R cos 0)> — (R cos 6 — 15 1) o
=6AL Rcos0
= (SiP—,P)= OMRCOSE _ 5, s,
2R
For constructive interference,
(S4P = S,P)’ = x = 3% cos 0 = n\
= cos0=n/3=0= cos"1(n/3), wheren=0,1,2, ....
= 0=0° 48.2° 70.5° 90° and similar points in other quadrants. |

a) As shown in the figure, BPy — APy = A/3 _f__, c
(D> +d?)-D=21/3 d 5
= D’+d*=D?*+ (1%/9) + (2AD)/3 'd |
= d=,/(20AD)/3 (neglecting the term 2/9 as it is very small) $ > AL— Po
b) To find the intensity at Py, we have to consider the interference of light X —t

waves coming from all the three slits.
Here, CPo — AP, = VD? +4d? -D
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31.

32.

1/2
81D sx} -

= D2+T—D=D<1+—

3Dx2
So, the corresponding phase difference between waves from C and A is,

= D<1+ 8 F e }—D =4% [using binomial expansion]

do = 2% 2 ZWX4K:8_“:(2R+E):2_” (1)
A 31 3 3 3
2nx 2¢n
Again, = —— =— (2
gain, ¢g = 3. 3 (2)

So, it can be said that light from B and C are in same phase as they have some phase difference
with respect to A.

So,R = /(22 +r? +2x2r xrcos(2n/3) (using vector method)

= Jar? 12 —2r2 = f3r
b, —K(/3r)? = 3Kr? = 3|
As, the resulting amplitude is J3 times, the intensity will be three times the intensity due to individual slits.
Given that,d =2 mm =2 x 107° m, » =600 nm =6 x 107" M, lyna = 0.20 W/m?, D = 2m
For the point, y = 0.5 cm

-2 -3
We know, path difference = x = yﬁd: 0.5x10 % x2x10 =® ®m

2
So, the corresponding phase difference is, < )

_ 2nx  2mnx5x107° 507 _
(I)— —:—:>
A 6x107" 3

So, the amplitude of the resulting wave at the mﬁy 0.5cmiis,
A= \/r +12 4+ 2r? cos(2n/3) = \r? +r2

2
Since, ! = A 5 [smc ng amplitude = 2r]
lnax  (2r)
R B G
0.2 4r2 4r? @
= 1=22_0.05 wim?

i)  When intensity is half the maximum ! =—
max 2

4a®cos?(9p/2) 1

T 2

cos?(§/2) =1/2 = cos(p/2) = 1/2
02=nl4d = ¢=mn/2

Path difference, x = A/4

y = xD/d = AD/4d

U

LUy yl

When intensity is 1/4" of the maximum ! =—
max

~

2 2
- 4a“ cos“(¢/2) :l
4a® 4
cos®(¢p/2)=1/4 = cos(p/2)=1/2
02=n/3=¢=2n/3
Path difference, x = A/3
y = xD/d = AD/3d

LUl

17.6



Chapter 17

33. Giventhat,D=1m,d=1mm=10"m, 2 =500nm=5x10"m
For intensity to be half the maximum intensity.

y= E (As in problem no. 32)
4d
-7
= M =>y=1.25x 10‘4m.
4x10™

34. The line width of a bright fringe is sometimes defined as the separation between the points on the two
sides of the central line where the intensity falls to half the maximum.
We know that, for intensity to be half the maximum
2D
=+
Y7 4d
. Line width = 22+ 2B = 2D
4d 4d 2
35. i) When, z = AD/2d, at S4, minimum intensity occurs (dark fringe)
= Amplitude = 0, s ls.
At S;, path difference = 0 | !
= Maximum intensity occurs. T |
d
‘|

= Amplitude = 2r.
So, on X2 screen, Q
| (2r+0) O

max _ =1

lnin~ (2r—0)? g{ ZI PP
i) When, z=2D/2d, At S,;, minimum intensity occu (d‘ fringe)
= Amplitude = 0. 5

At S;, path difference =0 ?\

= Maximum intensity occurs. Q~

= Amplitude = 2r. \\

So, on X2 screen,

gﬂz(zwzrf:w QQ
Imin (2[‘ - 0)2

iii) When, z = AD/4d, At 84,%|S|ty = x| 2
= Amplitude = Jor .

. At S;, intensity is maximum.

= Amplitude = 2r

Inax _ (20+32rf _
hax = =34,
Imin (2r _@)2
36. a) When, z=D)/d
So, 0S; = 0S, = DA/2d = Dark fringe at S; and S,.
= At S;, intensityatS;=0=1,=0 - |Sw ‘ Ss
At Sy, intensityatS;=0=1,=0 T
At P, path difference = 0 = Phase difference = 0. > i’
:>I=I1+I2+\/ECOSO°=O+O+O=0:IntensityatP=O. -

b) Given that, when z = DA/2d, intensity at P = |
Here, OS; = OS, =y = DA/4d

_2nix 2n yd 2n DA d =

L hE =X =X —Xx—=—.
A A D A 4d D 2

Let, intensity at S;and S, =1’
.. At P, phase difference = 0
So,I"+ 1"+ 2I"cos 0° = 1.
S 4'=1=1"=1/4.

[Since, x = path difference = yd/D]
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37.

38.

39.

40.

When, z = 3D—}L = 3D7L
2d 4d

_2nx 2n yd 27 3DA d 3=n
LS —=— X =—X——X—=—
A » D A 4d D 2

Let, I” be the intensity at S; and S, when, ¢ = 3n/2

Now comparing,

I" _a’+a’+2a’cos(3r/2) _2a*
| a?+a?+2a’cosn/2 2a
" Intensity at P = 1/4 + 1/4 + 2 x (I/4) cos 0° = 1/2 + 1/2 = |.
c) When z = 2DA/d
= y=08S; =08, =Dbxd

g2 _2nyd 20Dk d

Ao D L» d D

Let, I'” = intensity at S; and S, when, ¢ = 2x.

Ill!

=>1"=1=14.

" a’+a®+2a’cos2n _4a’ _

I a?+a®+2a°cosn/2 2a°
= I"=21"=2(1/4) = 12
At P, liesutant = 112 + 1/2 + 2(1/2) cos 0° =1 + | = 2I.
So, the resultant intensity at P will be 2I.
Givend =0.0011 x 10° m O
For minimum reflection of light, 2ud = nA C)
o= nk _ 2nk 580><1O x2n 582n 01303

2d 4d  4x11x107

Given that, p has a value in between 1.2 an .
= When,n=5, 1 =0.132 x 10 = 1.32.
Given that, . =560 x 10° m, p = 1.4. \\\

For strong reflection, 2ud = (2n + 1) d= %
For minimum thickness, putti
= d= a =d= qum:wOnm.
4d 14
2ud

For strong transmission, 2 ud =nA = A =

n
Giventhat, p=1.33,d=1x10"cm=1x 10° m.
2x1.33x1x107° _ 2660x10°
n - n
when, n=4,\; =665nm
n=5 % =532 nm
n=6, A3 =443 nm
For the thin oil film,
d=1x10"cm=10"m, py = 1.25 and p, = 1.50
2ud  2x10°x1.25x2 5x10°m
(n+1/2) 2n+1 o 2n+1

_ 5000 nm
© o 2n+1
For the wavelengths in the region (400 nm — 750 nm)
5000 5000

When,n=3, A= ————=—— =714.3 nm
2x3+1 7

= A=
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41.

42.

43.

5000 5000

When,n=4,A = = =555.6 nm
2x4+1 9

When,n=5,A= ﬂzm =454.5 nm
2x5+1 11

For first minimum diffraction, b sin 9 = A

Here, 6 =30°, b=5cm

L A=5xsin30°=5/2=25cm.
A=560nm=560x10"m,b=020mm=2x10"m,D=2m

AD 560x107° x 2

Since, R = 1.22? =1.22x% 107 =6.832 x 10° M = 0.683 cm.

2 x

So, Diameter = 2R = 1.37 cm.

L =620 nm =620 x 10" m,

D=20cm=20x10?m,b=8cm=8x10"m

“R= 1.22x620X104X220X1O 1891 10°=19x10°m
8x10"

So, diameter = 2R =3.8 x 10 ° m

5
&

RS
A
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