
� 1. 589 nm � q;r Q.cficfoif4 � � � � � 'ffiJW 1R' 3fTClftffl 'ffl'ffl ti 
(a)�� (b) � Wfim cfIT �, � 'ff'ff � cfln 'ffl1ft? �

cfil 3tqc4tf9jq, 1.33 t,

� ���i..=589nm=589x10-9m

ufe.'f <Pl 3t4qJ.-jjq, µ w = 1.33 
(a) Jlqiffl lffiifcR � �

(i) tRTcffcm WPm <f>T � i..=589x10-9lfr

(ii)���� V=�= 3x1a8
i.. 589x 10-9

(iii) (� � -q)

(·: Wf>m � Tffiif C = 3 X 1a8 lfr�)

v = 5.09 x 10 14 Hz 

� -q � � � � C = 3 X 108 lfr� 

(b) � 1rcfflr � (� ffifjJJ -q � � wm1 � � � � t
����ti)

10 
CF(Ji S:.d>l�lafl 

Wave Optics 

S1't�1atwft 
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1ffiqfmJ � � � ').,' = � = 589 X 10- 9 = 4.42 X 10- 7 m
µ 1.33 

� � C 3x108 a "l'<1q1cm �cffl q•1 v=-=--=2.25x10 m/s
µ 1.33 

� 2. Ai.i�ltsiti �if�� cfit � � t? 
(a) � � Wa � amlfur 11qiffll

(b) � "fflr � f;pffirn �, � � � lR � � Wa -ml ti

(c) � � "oR � 3lR � � 'tR1lm q;r � � dic:i<l�d (intercepted)
'iWTI

� 
(a) Wf � � � 'fflcf � � mm t oij tRTTm � � � 

� m1ft � fcp � � Gffl'lTT <Tm t 

(b)Wf � � �m vrnfi t � (ffi � 3TtJcRR 'ij;� oijtRTlm 

�min,

(c) � � � � 3TA qffi � tRTTm -wrwt �� � � t <ll2TT
�tRTTm1Amtl

� 3. (a) "ffi cf;f 31qqtf91jq; 1.5 ti ffl if 1Tc:f;m cfit T-1@ � �? 
(f;{qfq_ if 1Tc:f;m cfit ':q@ 3.0 x 108 

mis i') I 
<h> �fflitlrcf;JWch'tT-1@, ��m"tRf.J"Rqi«ftt? *m, m-a@�

�,�if� qif;J-m m cfilq ��if $u � t? 

30



� 

(a) ffl cf;J 614qcl-9i4> µ91ass = 1.5
�"ti�� �c = 3x 108 m/s

"' .X  -,A C 3x108 

qjfq '1 � <{}I 't:f@ V = - = --
µ 1.5 

v =2 x 108 m/s 
(b) �. � � 't:f@ 'tlrr � lfitlq � JJ1Wc@ � t1 � "GJAct t fcl> � trT �

� q;J 614qcl-9icf>, � trJ � � � 614qcl-9icf> � � 253 mcTT t am:
�tit� Tlftf � � t � � � cf;J � � Tlftf � � t1

µv>µR 

� 4. 'l{lJ � � WWJ 'q, � � � ctft <g_U 0.28 mm t cf?.U "lW 1.4 m ctft
�'t{{'fflflf?IT"tl ���������qft� 1.2cm lfrtft
1lt t1 WWJ 'q � � � 'srcfim qft � 'ij@�I 
� ��'ift"if ��d =0.28mm = o.2ax10- 3 m 

"Qi?�fu.re�'ift"il�� 0=1.4 m 
���tf211������� 

x= 1 .2 cm = 1 . 2 x 10-2 m 
���n=4 

� c4Rlcf>-<Di �. x =no,.· 
d 

1.2 X 10-2 = 4 X 1.4 X A.
0.28 X 10-3

�.A.= 1.2 X 10-2 X 0.28 X 10-3

4x 1 .4 

A = 6 x 10-7 m � A = 600 x 10-9 m
= 600 nm [·: 1 nm = 10-9 m ]

am:� cf;J � 6x10-7 m t1

� 5. 'l{lJ � � WWJ 'q, A� cfiT l(cfiqoff4 Slcfim ��'ti{, ,m: � 
'l(cii' �'CR:�� >.. t, 'srcfiffl cfit 'ffls@T K � f 1 ��'ti{ 'srcfim ctft � 
fcna;n'mtft��1../at? 
� Wffllf��=A. 

vfEf�A��tl>t 
21t 21t tl>=-·X=-·A=21t
A >.. 
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� cfuJm JR = 11 + 12 + 2 /¼_ COS cl>

IR=l+J+2#cos21t=21+21=4l=K (�t) ... (i)

2n ).. 21t 
�=-·-=-

).. 3 3

(·:/1 =12 =/)

, G 27t 
( 

1) IR = I + I + 2 v J- cos 
3 

= 2 / + 2 / -
2 

[·:cos 2; = -i]

JR= I=�4 

3IB:Wfim������t1
4 3 

�(i)� 

� 6. '$r � � w;ntl �, ol4@qi(OI � cfil' m1<f cm-�� 650 nm "a'-" 
520 nm ��Jlq;ffl-�qif�mfTf'llTI 

(a) 650 nm ���m'tf{-alm�fll;;:sJqft��'ij'��
�I 

(b) � � 'e' � � � cfil' � � � � d(41aua � 'qiR11f 

� fll;;:sJ � (coincide) ma -t,
� � t. � A1 = 650 nm = 650 x 10-9 m

� 1..
2 

= 520nm = 520 x 10-9 m

(a)��fw-vJn=3

� � � � � fil,.vJ � � 
n)..D · -9 D x=-=3x650x10 x-m

d d 

3 X 650 X 10- g X 1.2
=------

2 X 10-3 

= 1.17 X 10-3 m
(b) lJRT � )..

2 
� qjRUJ � fw-vJ n t, � i..

2 
= 520 nm,

'Gil )..
1 

��<fflUT (n+ 1)�� fw-vJ �W1'@t, vJmi..1 =650nm

� ni..2� =(n-1)i..1�

n x 520 x 10- 9 = (n -1) 650 x 10- 9 
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4n= 5n-5 
n=5 

X = n')..
2 
Q_ = 5 X 520 X 10- g Q_
d d 

X =2600!2. X 10- 9 m 

= 2600 X t2 X 10- g m
2 X 10-3 

= 1.56 x 10-3 m = 1 .56 mm 

� 7. ���-ij���"(W�'tf{��q,1'�� 0.2° 
��I ���Wfim'cfit� 600 nm "tt �����-ij 
� � � 'ffl � cfit � � qllJ wft? � cfi1 ,:SW4d1icfi 4/ 3 �I 
� �t, cffi"Oftll�9=0. 2° 

�q-qif����O=1m
lJcpffi � � '>..=600nm = 600x10-9 m

a . 
4 

� q)J 31qq �lcf> µw = -
3 

cmoftll � q)J � wwr ffl 'lR, 

l9=-

9'= l
'

'>..'=� µ 

!= ')..' =� 
8 '>.. µ'>.. 

... (i) 

.. . (ii) 

� 8'=�=0.\x3 =0 . 15 (
·:µ=1)

3@: ����it� ut@l t. cffi1Jftll � � � 0.15° t1 

� 8. � � ffi 'ij � (transition) � � � "cfi)ur qllJ f? 
(ffl cfi1' 31qqtf1icfi = 1.5) I 
� �t. µ

g 
=1.5 

llAii
p 

�'cf>)urt1 
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31qqJ-1iq; µ = tan iP
tan ip = 1.5

i
P 

= tan-1 (1.5)

ip = 56° 18'

� 9. 5000 A� q;r Vcfim ����'ti{ 31lllfc@ m ti
1RJcffifflVcfimcfif � � �cp;ff t? 3fl'lRR�*�'qR*�1RJcffiffl
� 31lllfc@ �*�mtft?
ffl Jrcf>m 'cpJ � A.= 5000 A = 5000 x10-10 1ft

�-q � mn ���tare: 'tRTqfmJ Wt>m � �
5000A�

� Jrcf>m � � V = � = 3 X 108 

= 6 X 1014 Hz
A 5x 10-7 

� 'tRTqfmJ Jrcf>m � � Jrcf>m � 'ij; � t]
AO tfm 80 � mn � � t

BO.LAO 

Li+Lr=90° 

Li =Lr 

2L i = 90° 

Li= 45° 

A 

0 

B 

3@: 3TTtRA -q;)uJ 45° t1

�10.��q;r�����4mm*3lfcfiR*�w:IT
400 nm�* Vcfim * � � wcfil�lcf,l ����mar ti

ffl fa"m t, � a= 4 mm= 4 x 10- 3 m

� ). = 400 nm= 400 x 1 o- 9 m
AcfilfllfllRf tg � � 

a2 4 X 1 Q-3 X 4 X 10 - 3
ZF 

=

-r
= 

400x10- 9

ZF = 40m 
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� 11.� cnt if iji�\lf-1 � � 6563 A ctft H
a 

� if 15 A q;r 
�-� (red-shift) mm ti � � � � � cnt qft � cf;f � 

�I 
� � t, Ha �� A= 6563A = 6563 x 10- 10 m

Al=15A�� 
� cfffi � � -q JITC<f mm t 3@: cfffi � � � vTT � t � �

� ·;fi:Ullf'icf> t
AAA=-V-

Ale 15x 3x 108 

V=--=----

A 6563 
V = - 6.86 X 10 S m/S 

?fiOllfiiqj � � JIGffrn cJRm t fcl> cfffi � � � vTl � ti 

� 12.fcf;lft� (��) if�qft':q@�if�qft��� 
ti�* cfifurcfir ftr.;Rn;m � � cfi\ cqfq&.tq1uft � ctft �? ��if� 
cf,'t':q@'WWJgRT'ij@cm;� cqfct&.4qjuft qft��? ��' ffllrcfflT�fqSfUT 
cf;f cf;R-"ffl� H<fi•iiffl1 i°? 
ffl ltAT �-q 'tJq;ffl � � V1 t q� vR-f if V2 t Li� if 3TTtJwl q;JUJ t � 
L r vR-f -q 3TtfcRR q;)uJ ti 

� "ij;q;furcm "ij;� "ij; �. Wf � XY tpo lR 3TilrrffiJ mcft t tfi{ 

� � t GEifoecf> .,fflJA me) � 
X:f"ij;�v

1
cffl� =v1 sini 

XY "ij; � v
2 

cffl � = v
2 sin r 

� "ij; � � "ij; �. 
V1 cffl � = V2 cffl � 

v1 sin i = v
2 sin r 

... (i) 

... (ii) 
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� (iii) cf (iv) �, 

v
2 =sin;

v1 sinr 

sin i air-.-= µwatersin r 

V2 _ air -- µwaterV1 
V2 > 1
V1 

� V
2 >V1 

� � t fct> wt>m � "'tfra mA � 1) � � f<ffi;J lll'e2J1l 11 cfiJf tI 
� � � � � � � � tI 
� � � � �. V2 

< v, vft WWT � � tI 

... (iii) 

... (iv) 

�13.a:fttr�'lloif��,fcf;�cfifftr.;RrlRJc«R��� 
f;p.Jtjf ���JrctiR q1af�1tfct, t1�ftr.;Rrcfif���tftr�f.pJq;J 
(deduce) �fcf;�ffl���� � cfif � �'iRffl"t, 
�ffl�ttt, ��fflqft��amaR°mftfl 
� 1fr-iT P � � � ffl M1M2 � r P 

,,,,,.-- --... ,, 
� � t 1fr-iT P� � t � PO=rl 'tJllJ X',.." '•yn 
XY iAA � � � cR7IDJ t vlT � � X 

r

ffl M1M2 � 3TJtlfmJ men t � ffl XY 
� 1) �men�� X'Y' � 1) mtTT � M1����

0
���M2 

PP'=2rl ffl � � 1) � XY, 
X"PY" J«fio mm1 � � � �. 
� � t fct> X'Y' � X"Y" <TT � ffl 
� GFiT 31R ti 3@: X'PY', X" PY" cffl � 
� 1fr-iT vJT � t1 

P' 

� 14.attJ�qft�q;)JriUF:@cfi't�q@���qft� 
f;Jq 1lcfiR t

(i) �qft�,
(ii)�cfitq,

(iii). �/"llf � qft llfcr,
(iv)�a'-'l
(v) attJ cfit cftm I
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�fcf; 
(a) �-q�qft-:q@�
(b) fcfim� (1lRJ'ffl"?;JT�) it�qft��-afcf;;r�'tf{FriR

qi«ftt?
� 

(a) WPm � � � "It � � t1 311�;.ac!)-1 � � � � �.
� "It WPm � � � qjRq> "CR������ t1

(b) � -q WPro � �

(i)ma��"CRfwf1R��t

(ii)���lRfwf"iR�t

(iii) ma � TJta "CR fwf1k � t � � � � TJta "CR fwf1k � t

(� JJ1{TcJ)
(iv) � "CR fwf1k t � � � lR � � t1

(v)"ffi"TO ��"CR fwf1k � � t �� q>J amt fcl;��
1R��-q3Wlfc@�I 

� 15.&fR-atiif-q ��*��q;r� Ri:i@f&a <Uft:e.rnpffit 
�-m�t: 

(i) • Fcrnq,c:4�1 if ��11fff itm, a'fl
(ii) Wcf l'J@-q � � �Mlc4�1 -q 'ffl'I � � * � � * �

� � -a � -q, l;J � ft:e.rnpff -q q_q;eqH t1 � cpff i°? �
�I� 31N�ffcf;����-qRm7fiR*� cift�
ft:e.rnpff-q 1{0@: q_q;eqH �? 

� � cRTIT � � t'g � � � �1q�<1ctx-11 � t1 are: � (i) cf 
(ii) 1l, ma� "1IBT � � TJfa � cpRl1J GFl1 �31l 1l �� � �
� t1 are: GFl1 � 1l � lJ1{Tq 1l � � 1ft � t-
� WPm 1l � JJ1{Tq 1l GFl1 � 1l � � m-ift �ma� "1IBT � 
� TJfa � 3Tfttg � � � JJ� �ti_ 

� 16. � w;ntf "q, 600 nm � q;J llcfim w;ntJ � 'tf{, � � � 'tf{ 
aR�cfit�� m0 t1 ����fcf;cRt �t? 
'ffl wmT q>J � l = 600 nm = 600 x 10- 9 1ft 

� � 8 = 0.1° 
= 

0·1 7t rad
180 
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� "ij) � � � d= � = 600x 10- 9 x180
0 0.1 X 7t 

d = 3.44 X 10- 4 m 

3fcl: 3.44x 10- 4 lft � "ij) � � � t1 

� 17.f.tAf�reid�*�� 
(a) ���11<imif, �qft�if ���tft�ll ��

��*��"ffis@Tcfil�"W'llfc@�?
(b) �11<fflrif, ��cf;f�, &l@cfi{OI ���"Wm *tktf.:iid

f? 
(c) wwcr�alR'cf@"Slcfim*l{Jlf if �������tm

� qft eJ<:JT*lfelr ��.� � �t, ���? 
(d)-m��10m����;RJ7-i:fi*oRR'tRfl�� 

am: "Slcfim � -wm qft � � * � 'tR � � i m m '4t � 
fcmJvff �-� cfiT ��"ti@ cmfq � 31m1 if 31mFft � � � 
11cfi'R''cf,{"tf@f? 

(e) � McfilNlchl, �*mm� if T[@ "cfiB qft � 'tR � ti
�1J'qfq <�"Slcfimq;f���mro"lll'�*T.fm am-�
� �) � � cfiT ";Jcf,T«JT ti � Ffi'{UJ S1cfi1P-/1cfil qft � 
Slcfilf(lcf>14 � if Sl@fciikfl cfii' � � � � am; � cfiT � *
@T(�:�if�"'1ffltl���t? 

ffl 

(a)d'=2d

�-::tljfil'< 8' = � = � = � ' 
d' 2d 2 

����� 
2� m-tfrul)'mt���q;r

� .:!. 1lPT � vJ@l t cf cfu@T 1ft .:!. � \ijffi) t1 
4 4 

(b)� �� � � � 11. w1=J � t clil � WWI it i:4Rlct>-<0i
�1ft��am.mMIB6ffiltl

(c) � � � � � � "ij, lWi -i) � vl1tft t m � � m"lIT "ij,
������t�cR1Tmit��"ij,ftffr�
fctcITTm � t � m"lJT "ij; � W � i:4Rlct>-<01 � � t �

�����ti

(d) � it � q;r 3WPR 3TJtITmJ ffl "ij; � "ij; w1=J q;r � �I
�ffl�� 11.=10- 1 m
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�cf>T31Tq;Rd=3m 

. e >.. 1 o- 7 1 o- asin =-=- = 

d 3 
e == o

��"CR WPm � cf>T � � t1
3IB: fclwff 31RfAT � � � -qm t1
�cRTr�� =1000Hz 
� V 330 t1"<·1Gi;q ).. = - = - = 0.33cm 

f 1000 

sine = � = 0·33 = 0.11
d 3 

<m � t �e� t, � m7l � t mn fclwff �� cf>) 31RfA)� 
WJ-qffi ti

(e) � � cf>T 31Tif>R WPm � � � 3M mm t, 3@: WPm �
cf>T � � � � \ij@l t1

� 18.� � cfit � lR' lfR1l �-� � 40 km cfit <@ "R'ft � � 
qlffi�, �if olR'qlffl�-"$ 50 m ����ti "o;r� 
cRiif � at�cfid'1 � Wo�� ift;oo *�fiAr � �'W'l)q"$
���, 

� � "ij) � � � � t 3ffi: � ffi � � "ij) � � 20 km 
*r � cJq, � � t W 50 fTl � 3TIVct> � � t1
� � � ZF = 20km = 20x103 m 

a=50m 
a2 

ZF
= -

A. 

).. = � = 50 x 50 = 1250 x 10- 4 m
ZF 20x 10 3 

3ffi: � cR1lT *r � � 0. 125 m ti

� 19.500 nm �q;r��W-ffil-��l@fflftRJ"R'fim,rt� 
1 m �m lR' -qftorrift � � � � t, �� "1J?ff t fcl;-qrer F\� �
"$�� 2.5 mm �i:tttt ftltfcfit�Wo�I 
� � cf>T � A= 500nm = 500x 10- 9 m 

D = 1 m, n = 1 , x = 2.5 mm = 2.5 x 10- 3 m 
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��nth��� X=nDA
d 

d = 
nDA = 1 x 1 x 500 x 10- 9 

= 2 x 10_ 4 m 
X 2.5X 10-3 

d = 0.2mm 
3IB: � � � 0.2 m �I 

� 20.f.t&.1R-tf&d ���� 
(a) '1fGJ q;i:r � 'ti( � ct@T � � � � t ffl � q;,fi-q;,fi

zt-flfsi;;iH � m 'ti( fq;r q;) � � 'tf@ f I � ei-illfsid f\i<e\cfi(UI �I
(b) � fcf; 31l'l � "tlra � ';;ifR � f Ff>�� olffacfi(OI �-q � q;J 

fc@'{"CJf � cfiJ otl�l<'i(d � ffl cfiJ � S4(V.fl(NUI t1 � � cfil 
(fc{;wTftrcp;fft? 

� 

(a) vfi{ q;iJ � � � qlt>fJ � \n'CR � � t "ffi �q;-4) e<-ftfc1uM "ijj
trcl � � � °§3TT "Cf@ t cflMcp Direct ftlr.ra � 'lRTclffia ftlr.ra "ijj �
c4Rtq;-<0, mm t � � � i,

(b) cR1TI �����cpl 3TjtJlwf � t � <m �
,a;ftq;-<01 1ft � 3TjtJlwf cfRtft t1

� Y1 cJ Y2 ffill ,a;ftq;-<01 cpl � °t, am: � 'llTuA (y1 cJ y2 cpl) 31E2H-<)qo1
� "ijj � °ti 'uJi[ amw=r ��mu� lJ1lTcl �mail
qR�Rt � m \ilffit t1

� 21.�11Rf��cfil�"qcffi?.@'ffcf;nA.la�'tl(�� 
fl�� (cancellation) q;), 11Rfq;)� qpitif���I 
ffl liRT��"itmtl�t.(IGJ���� 

d'=� 
n 
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