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Numericals

Q.1 How many fringes will pass a reference point if the mirror of & Miclelson’s -
interferometer is moved by 0.08mm? The wavelength of light used is S800A°.

(1998) .
Given Data: -
Di.’_qplaccment of mimor = Xx = 0.08mm = 0.08x 107°m
Wave length of light = A = 5800A° = 5800 x 107'"m
To Find: | ' |
No. of fringes =t ? | i
Soluti CRINHER PRI
olution: aik e S
Soluons shap 25 510 & PHOTD 574
We know in Michelson's interferometer = Areg Bf-a-c' ' Asif Cent }
: Aenicriy, o, k-1, Near . PRy
’ g ?\. DUTS_S.}QOD OSp i Ka man
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. = by 'Y s Moy e
L S ——“——hgyli 0“5'829582{;%”3" e
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: <b2274
S T T
oy i 58
m = 027586x10°
m- = -, 2790
m 275 Fringes Ans.
seres o www.educationinkarachi:org

(i) 271 fringes pass a reference point when the moveable mirror of the Michelson’s
interferometer is moved by 0.08mm. Find the wavelength of the light used In
angstrom. - - Ans. [(5900A4°)] (2002 .P.E)

Self test: (2)
(i) How much <hould the moveable mirror of the Michelson's interferometer be.
" moved in order {0 observe 400 fringes with reference to point the wavelength of
the light used is S8O0A°?  Ans. j0.001] ' (2002 P.E)
Self res!:.(k?)

How many fringes will pass a reference point 1f the. mirror of a Michelson s
interferometer is moved by 0.08mm if the wave length of light used is 5500A°7°
Ans.[29] fringes] g - | (2007 Supp.)
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Q.2 im 2 double slit experiment, the separation of the slits is 1.9mm 2nd the

[ fringe spacing is 0.31mm at » distance of 1 metre from the slits. Find the
wavlenpth of light? iy (2006 Supp.)
Given Data: |
= o ; .
Separation of slits = d .=~ 1.9mm = 19x107m
Fringe spacing = AY. = 03lmm = 0.31 x 10 *m
Distance from slits= L = Im
To Find: T ,
Wav‘ei?ngm of ight= & 8 2 | ?”lf;E?;P?[IP\mNE 5 PHG‘{E SHE
Selution: : ' ._ ' . snop # 6.BSAIT, Asif Centre,

F.B. Area, Block-1, Near Usman

Fringe Spaciﬁg 3 | Ay s
‘ : Memorial Hospiiath &
SR - ' * 3345-8290802 0321-26227 69
. d : | |
. € ‘% : ."-T'i-?., T
L : ey Y. um‘.{"{lﬂﬁ &P‘dﬁlﬂ M _
| Pl W - C:AM Asif Centre, :
L= 031x107x19x107 =RV A, Near Usman
- i 3‘ 19 '! v
: F.E:J.'u:r:x?:sria't Hosp‘iﬁﬁ?ﬁr;; 69
) 031 x 1.9x%10% g315-820080% 1 27
v == B K ; ;
b, = 5.89x107"my Aie:

Self test: (4) : i

In a double slit expari‘rﬁent, the separation of the slits 15 1.8mm and the fringe
spacing is 0.31mun at a distance of 1200mm from the slits. Find the wave length
of light. (2002 P.E)

Ans.f4.65x 107 m ]

Q.3 lmterference fringes were preduced i;y two slits 0.25mm apart on a screen
150mm from the slits. If eight fringes occupy 2.62mm. What is the
wavelength of the light producing the fringes?

Givers Dat_tz; -

Separation of slits = d = 025mm =  025x107m
Distance from the slits = L = 150mm = IS0 e
8 fringes occupies =  262mm = 2.62‘ X -t% °m
£ _‘ A "I' [ ,:: \
To Find: «uﬂ‘f-“ufg\?l‘\% %‘?\r‘ Laire
——— ; L SRR g el =t
| L 5 et R, RSP gmat
Wavelength = A = T LT B pd S Mgy e
= ) Si.l{'}'\_' i OC\[\' e BEE / \'85 AR
: : .o, D sal, B8l en
Solution: | BB ML st 31',\ 262219
SOLHiign: : o :
8 fringes occupy = 2.62x 10°m {;‘1?;0 99802 !

| fringe occupy =

AY o i B3275 % 1070




PR AL W EIY | M Sl Wha Wi

Fringe Spacing

ek B y E ' t5.; 1»
e / A 4“:’6 ’-";;};ﬁ".
A . AYd 03579 o i 5 2 &0 4/%5 ;
L o, dff' f":.?/ ‘9/00 &’/' y &;{}j
0-3 275 % 10‘ X 0-25 5 10—3 ";?é;d’&'/s*o‘? .r}"‘,} 46‘/ ff&:’:
. 7 1 SO x| G_J . ‘j/gll‘r?/d/@r?r CEJ/;’(:.‘L}:;‘?’
‘ gf: ,?:9',, '&\5\ ,53 /
ot = 0.0005458x 10°x 10° _ *Jﬂc?éi%?&a
i = 5458x10°m 2l
A —  5458A9  Auns. '
Self test: (5) -

Ina young’s double slit experiment the slits are at a distance of 1.8mm and five
fringes occupy |Smm at a distance of 120cm from the slits. Find the wavelength
of light? Ans: [4.5 x 107°m] | (2005 Supp.)

Self test: (6)

Interference fri'nges were produced b)'" ‘l_ight coming from two slits 0.3mm apart.
If five fringes occupied 1.75mm on a screen at 2000mm from the slits find the
wave length of light used. Ans: [5.25 x 10"'m] (2000)

| Selftest: (7)

Interference fringes were produced by two sites 0.25mm apart on a screen 150mm
from the slits. If ten fringes occupy 3.27Smm. What is the wave jength- of the

light producing fringes. Ans: [5.45x 10" “mj (2068)
Q.4 Green light of a wavelength 5400A° is diffracted by grating having 20060

lines/cm. . . _ (2010. 2014)
(2) ~ Compute the angular deviation of the third order image. ' ;
(b) is a 10" order image possible? ' (1998, 2005, 2007 Failures)
Given Data: www.educationinkarachi.org

Wavelength of light= A = 5400A° = 5400 x 107m

Length of grating = L =  lcm e e 107%m

- Nao. of lines = 20090 lines ,:‘; !
(a) . No. of order = ¢ 10 = g - A0 i il
- = = g A6 ;r"’f/f'ff
(b) No. of order = = 10 g‘?f o ""’av.{?’ g/--H-S“;/, Cgﬁf
\ 4 5 [ /. 7 ;fc".‘ 2

To Find: "”-‘%ij b kg iy (LA
——N By Wae S0, AT

Angular deviation = 0 = 77 e a;g"’- /?7' ff:;)f e /{/

. i rfff- /}}t- : —:‘I'

Solution: < 5;5;“ 7
DUt e

v : Length ofgrating o

Grating element = d = :

No.of lnes
p . IXIO"Et
2000

B = 5x 10~m|

R
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() Weknow in diffraction grating equation

mA = d Sin 6
Wk mai
Sinf = ——
d .
. 1% 5400%10™" ]
LSmg = ‘ G&?ﬁm%ﬁ—‘l D&q
Sy 107 e TD) 'th(r““ CTURY
A . t“) Ak ‘“54 asif C?Ef{trr', ’r‘ﬁg: b ¢
1.62%107° crop® B e ‘ ‘Heaf'@dﬁg?xi Usn
Sing = T“* =) :'"‘”}'j.' Bﬁuvgpl‘ta‘“ afa_f:h ?,'I.‘-s[. :
e % :nnflxl':‘ii::_\c:)' : -0321-26’2_?:71@6;2%&

SinG= 0324

= 18.9° Ans.
. 10x 54 &Y
(b) Sirt = 1(0x5400x10
5x10™
Sing =  1.08

Since value of Sin 8 cannot be greater than I, therefore 10™ order image is
impossible. ' - '
Self test: (8) _
A diffraction graiing having 200 lines per mullimeter is illummated by light of
wavelength 53895A°. Calculate the angular deviation of the second order bright |ines.

Ans: [@=[3.639 (2006 Failures)

| Seif test: (9)

.5 Light of wavelength 6 x 1077m falls normally en a diffraction grating with

‘400 lines per millimetere. At what angle to the normal are the 1 2™ and 3™
order spectra produced. Ans: [§=[3.88¢ 6= 28.68°6=46.057

Self test: (10)

A monochromatic light from helium-neon laser of wavelength 6.328am falls
pormally on a grating with 500C lines /cm. Find the angles to the normal for I*
- and 2™ order maxima. 1

I{ a diffraction 8rating produced 2 1" erder spectrum of light of wavelength
§x107"m a¢ an anglé of 26° from the normal. What is its spacing and aiso
calculate the number of lines per mm?

F:_u)
[

(2009 Suppl. 2011 Annual)

Given Data: ' -
No. of order = . m =l {\V;; T
Wavelength of ight = 2 = 6x 10 m
Arigular deviation = 6 = 20" “-f*i':;*;“‘-:’- Bl A N T

: P e ; ot

Length of grating = lmm = {3 10 % "y

1o Find:. R i

() Graung element © = d =
(b) No. of lines/mm =

www.educationinkarachi.org
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Solytion:

(a) We know that diffraction grating equation
' mA =- dSin®
TRt
Sin 8
| E ) 1x6x10™
Sin 20°
g -5 6x107
0.342
B = 175x10®m{  Ans.
(b) Length of grating = Imm = 1 x 10;3m
" X Length of grating
No.of lmes
No. of lines = Length of S0
- d
: =
No. of lines = O
1.75x10°°
No. of lines = 571 lines/mm] Ans.

Self test: ({1)

ITow many lines per centimeter are there in a grating in which the light of
wavelength 4160A° falls normally and a second order spectrum is obtain at an

angle of 12°.
Ans: [2500 lines/cm]
Self test: (12)

(2005 Sepp.)

When a light of wavelength 6000A° falls on a diffraction grating, it produces a
second order spectrum at an angle of 30° from the normal. Find

(i) The grating element
Ans: [d=2.4x 1074 417 lines/nm]
Self test: (13)

(ii) The number of lines per millimeter.

(2003 P.E)

If a diffracting grating produ-ces a first order spectrum of light of wave length 6 x
10" 7 m at an angle of 20° from the normal. Calculate the number of lines per mm.

Ans: (570 lines per mm)

(2007)

www.educationinkarachi.org
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(0.7 Newten's rings are formed between a lens and a flat glass surface of
““wavelength 5.88 x 1077m. I the light pa

sses through the gap at 30° to the

vertical and the fifth dark ring is of diameter Smm. What is the radive of the .

curvature of the iens?

Oriven Data:

Q.8

e e e e e i e

Given Data:

How far apart are the diffracting planes

Wavelength of light = A = 588 x 107'm
No. of dark ring = -m = 5
Diameter of 5% dark ring = Dy = 9ram = 9 x 0™m
Light passes al the angle = 3] % 30°
To Find:
Radius of curvature of lens = R = ? B P&
Solution: o s éqxiﬂf‘mﬁ&?L‘:&ge?:,e;,‘-.
: oot A VR ps 0
. <3 ki . :,.!4"\‘ i Usma
‘Ys = -[')_i s 9)(10 Shopt:' Ck“ .Ni-a rach'\ §
' 7 9 o Wre jal, BT e
_ e F.e. arla osP ‘\.?_6121
4.5 % 107 M aag0802
= Sx 10™m " '
g AR
For m" dark ring
3 = m?.i
V Cos B '-7\ -
g : LI : X 'I“,,ﬁ\
o . ;
quaring both sides . ﬁﬁ.-ri\:\\%h?‘: g ortt®:
: CDSG ¥ c:,lrf._‘.\‘-‘ e ra'q.(_\c\ts"\‘ 1‘“ -Y(‘a{'écn‘
T peed pildh, 92169
2 C 5B o Gf",'&.; HOSL Gq“'l -'2-6 i
: " Cos - ge®™ A
R — ¥ h -~\a\‘ﬁ"""}'g 2
m B
o {483V Cos 307
, S 88 x 107 - ;
e 20254107 % 0.866
| 2.94x107
R = 59%m  Ans.

in a NaCl crystal for which X-rays

of wavelength 1.54A° make 3 glancing angle of 15°-54" in the 1* order?

www.educa

Wavelength of X-rays = L =
No. of order = m -
Glancing angle = 15°54' =

(2005, 2005 Failure)
tioninkarachi.org

1.54x 107"m

.:ﬁ = ]5_90'
60




To Find:

Distance between diffracting plane = d =7

Solution:
We know in diffraction of X-rays through crystal is
2 " - .;;__ iy
2d Sin 8 _ mA A Frsafian on "'ZZIW
m p Sh ¢ ;T.JL}
d ;i N = Op # { G - 23S
: 2S5m 6 8.4, a 5 B84/ &P #f{?,f*g,.;l__g';_‘,q b
5, Memo g rjs;f e I+ F
: ~10 0 riaf fog, . 8,
2xSm15.9 0324 2‘grach,‘
26227
IR 7
2x0.2739
o 1.54%107"°
0.5479
B = 281 x10°m . Ans

Self test: (14}

Q.9 A parailel beam of X-rays is diffracted by rocksalt crystal the 1% order
maximum being obtsined when the glancing angle of incidence is 6 degree
and 5 minutes. The distance between the atomic planes of the crystal is 2.81 x
10-""m. Calculate the wavelength of the radiation.

Ans: ' - (2003)

| Self test: (15) ' _
X - rays of wave length 1.54A° are diffracted by a crystal whose plane are
2.81A° apart. Find the glancing angle for the first order. (2004)

Ans: [8=15.9T

;oA LI maae '
TR PROTNG & PRIT AT
;:Qf.’:::;i # 6, B54/1 Asiy -"'r.r;' g

. ] Lm0 B U Ll B
F.f.'w- Ared, Block-1 Near Usm ’
s . Rl Usman
morial Hospital

b e «Raraghi
1.5 6290802 ¢ 0321-2622759
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EXTRA PROBLEM:

Q.1 If the diameter of the 10" bright Newton’s ring is 0.005m when the light of
wavelength 5893A° is used. What is the radius of curvature of the plano
convex lens? Also calculated the thickness of the air film correspondy €o this
iens. | : (2003 P.M, 1994) .

. Given Data. | tea
Diameter of 10% brightring= D = 0.005m
Radius of 10" bright ring ' = 52)» = 2005 _ o omed
Wavelength of light = A = 5893A° = (5893 x 10™m
No. of ring . =N = 10 e Wi,

To Find: | YL ER®
Radius of curvature = R = 7 = am e
Thickness of air film = 1 = ? oo G 2 S

a8 o

Calufoss . _ = S et

Squaring both sides . a2 f}: < ‘
| - 3 - 5 rz G - &
5 & R(N ~'0.5)A L=
| " ! (0.0025)° )
24 == ' __5‘__ t= \ . _1'_
_ (N-035A 2x1.11
W s L t=2.81xi0"m
. ) < (0.0025)
T @10-0.5)5893x107"
SRl e 0.00000625
A . A G.5%5893x10"
R = 1.11ml * Ans.

| Self test: (16) www.educationinkarachi.org
[f thé radius of the 14" bright Newton's ring is 1.0mm when the light of

wavelength 5.89 x 107'm is used. What is the radius of curvature of the lower

surface of (he lens-used.  ~ Ans, [0.125m] (2003 Failure) (1999}, 2009 Suppl.

Self testz¥17)

Determine (he wavelength of 2 monochromatic light used if 14™ bright Newton's
ring has'radius of Imm when a Planio convex lens of radius of curvature 120mm
is used. 4ns: (6.17 x 1077m] . (2001) (1997)

Self test; (18)
' If the radius of 14" bright Newton’s ring is Imm and radius of curvature of the

lens is 125mm. Calculate the wavelength of light. Ans: [A= 5.925 x 107" m/
' : : : ; ' (2010)




Q.2 If the radius of the 12% dark Newton's ring is 1mm when the kight of
wavelength 5890A° is used. What is the radius of curvature of the lower

surface of the lens used.. e (2003 P.F)
Given Data: : B :
Radius of 12% darkring = r = Imm =, 1x10”m
Wavelength of light = 4 5890A°= 5890 x 107"m
:  No.ofring =0 el 12
To Find: ; ' . :
Radius of m™ dark ring - ol «_f-ff?\'ﬁ;\
r = mAR | %%?‘%85 Wiie
- WSS et e
Squaring both sides e %‘Q‘}:‘ﬁ\\\tﬁ , Pi&“‘ "552:?
rro= mAR iﬁ;ﬂ:ﬁi ""Q & 6*%\06‘&"‘ AT ‘Kf‘:‘;”l_ 1%
| , .25 Op\{ﬁa‘. . o Q’\'}“;;L &
B e e o0 o !
mA = }he\\c_ ‘%T:}-_W
R N (1 » 1 O-.‘ )1‘ 0 9
- 12x5890%10™°
=5 R - 1x107° :
: 7.068%10"
" R = 0141m| Ans.

Self test: (18) .

Determine wavelength of a monochromatic light used if 12" dark Newton’s ring
is 1 min. When a Plano convex }cns of radius of curvature is 141mm is used.
Ans. [5.91 x 107" m]

Q.3 Interference fringes were produced bv two slits on a screen (.8m from ihem
when the light of wavelength 5.8 x 107 "m was used. If the separstion between
‘the fist and the fifth bright fringes in 2.5mm, Caleunlate the separation of the

~ two slits. : (7995)
Given Data: , '
Distance between slits and screen = L = 0.8m
Wavelength of light = A = * 58x107m
Nistance between 1“ and 5“‘ brwht fringes=Y,, = 2.5x 1073m
To Find: '
_ Separation of the slits d =
SolutiQe> . WWW. educat10n1nkarach1 Org
m 2 = -
o 5Lh - _Lk 2 e ghaste
Ym = g = —d— . - _' -Plﬁ..:‘%\: ;:%1\?\?3 (."-L\ C.fa“:"% \"'\P‘?“ﬁ
. % SO et vty
4%0.8x%5. =1 AT e
75 10#32 x0.8x5.8x10 g ‘:he(\;‘%,lgg%
d ¢ A

4 = 7.424x107m| Ans




Self tesk: (19} : : o &

Calculate the wavelength of light, which illuminates two slits 0.5mm apart and
produces an interference pattern on a screen placed 200cm away from the slits.
The first bright fringe is observed at a distance of 2.40mm from the central bright

L

image. (A=0.6 x 10 %m)
2.4 Red light fails normsiy an & difiracte s gratng ruled 4000 lines/cm and the

second order image is diffracted at 347 frdin the normal compute the
wavelength of red light in A°. ; (1996)

Given Data:

Né). of lines = 4000 Lines

Length of grating = L. = lem = 1 x107"m e
gt Bratmg W
No. of ord = = 3 A g e =
- X s L - e
0. Of oraer = & I ; S5 s =
e 240 (SR ol 2 E c.g
: 6 34 Bl a & o
" ' - oy - 3 ‘ej \'.f :Z hf:h;-;
To Find: - Rt &= oSS
- ' =s=a2
1 e s L —— V2 [ B
Wavelength of light= A 2 ? =g S
P w - s =S
2 ' s By
Selutiors: : I ® Giginy
i : ;—- -"'_I_ gL <T ;E ‘:-J
_ ’ Length of grating Pidinm B e
Grating element = d = — B e
No.of Imes
%107
d = e
4000
d = 25% 16%m
We know that grating equation
: —
% = i, BT T :
mA = d Sin € - @ O o
e oA D
4Sin 6 oS S
}- S, >in gﬂ € o R e
g L = e P SO VR <
B s m T -
g °n < T
L - s waLr e
2 o B 2.5x107°Sin 34 = SacllS - S
;'_":'."*J::@ r = ;'_‘.Z_,_"':) w E}N
- Y e W o o ¢
E N . e
a5 | Teeh
wBa . Zo . 1.397x10™ e e SE
B \ = e s e i |
B . - — " ; o= i
T v o ™ K4 LS ol :2
mReExTg e EEo
o e 7 : e
(g T3 3 - 6.989 x 10"'m Gt
ity T BE e M i
ot -
184 Soay 50 A = 6989 x 107%m
; j"\ ED‘__ = 8 .
- 3 = 6989 A Ans.
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