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˛õÎ≈yÎ˚ÈÙÙÙÈ2
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9

9.1

9.2

9.4

9.5

9.6

9.7

9.8

9.9

9.10

9.11

9.7.2

9.7.1

9.5.1

9.4.3

9.4.2

9.4.1

9.1

9.3

~•z ˛õyë˛e´ˆÏüÓ˚ ≤ÃÌü ˛õÎ≈yˆÏÎ˚ xy˛õ!ö xyˆÏ°yˆÏÜ˛Ó˚ Óƒ!ï˛ã˛yÓ˚ Ä ÓƒÓï≈˛ö §¡∫ˆÏ¶˛ !Ó¢ò‰û˛yˆÏÓ ˛õˆÏí˛¸ˆÏåÈö– ~•z

âê˛öy=!° xyˆÏ°yˆÏÜ˛Ó˚ ï˛Ó˚D ≤ÃÜ,˛!ï˛ˆÏÜ˛ ≤Ã!ï˛!¤˛ï˛ Ü˛Ó˚ˆÏ°Ä ~=!° ˆÌˆÏÜ˛ xyˆÏ°yÜ˛ï˛Ó˚D xö%˜Ïòâ≈ƒ öy xö%≤Ãfli

ï˛y ˆÓyé˛y ÎyÎ˚ öy– xÌã˛ xy˛õ!ö çyˆÏöö ˆÎ üƒy:ÄˆÏÎ˚ˆÏ°Ó˚ ï˛!í˛¸Íã%˛¡∫Ü˛#Î˚ ï˛_¥ xö%ÎyÎ˚# xyˆÏ°yÜ˛ï˛Ó˚D xy§ˆÏ°

ï˛!í˛¸ÍˆÏ«˛ˆÏeÓ˚ ï˛Ó˚D ~ÓÇ ~•z ï˛Ó˚ˆÏD ï˛!í˛¸ÍˆÏ«˛e!ê˛ §M˛ÈyˆÏÓ˚Ó˚ !òˆÏÜ˛Ó˚ §ˆÏD x!û˛°¡∫ ÌyˆÏÜ˛– ï˛!í˛¸ÍˆÏ«˛e!ê˛

Îáö ˆÜ˛yö !ö!ò≈‹T ï˛ˆÏ° xyÓk˛ ÌyˆÏÜ˛ Óy ï˛!í˛¸ÍˆÏ«˛ˆÏeÓ˚ !öˆÏò≈¢Ü˛ ˆû˛Ü˛ê˛Ó˚!ê˛ Îáö ~Ü˛!ê˛ Ó,_ Óy í˛z˛õÓ,_ Ó˚ã˛öy

˛
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9.2

~•z
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~•z ˆû˛QÓ˚ò%!ê˛ !öˆÏçÓ˚yÄ ˛õÓ˚flõÓ˚ §üˆÏÜ˛yˆÏî ÌyˆÏÜ˛– xyˆÏ°yˆÏÜ˛Ó˚

í˛zÍ§ xà!îï˛ xö%ÈÙÈ˛õÓ˚üyî% !òˆÏÎ˚ à!ë˛ï˛ ~ÓÇ ˆ§=!° ˛õ,ÌÜ˛ ˛õ,ÌÜ˛

x§¡õ!Ü≈˛ï˛ í˛zÍ§ !•§yˆÏÓ Ü˛yç Ü˛ˆÏÓ˚– ~•z í˛zÍ§=!° ˆÌˆÏÜ˛ !ÓÜ˛#î≈

xyˆÏ°yˆÏï˛ Ü˛¡õö¢#° ï˛!í˛¸ÍˆÏ«˛e «˛ˆÏî «˛ˆÏî !òÜ˛ ˛õ!Ó˚Óï≈˛ö Ü˛ˆÏÓ˚–

ú˛ˆÏ° ˛õÓ˚#«˛yÓ˚ myÓ˚y ~•z ï˛Ó˚ˆÏDÓ˚ xö%≤Ãfli ã˛!Ó˚e ˆÓyé˛y ÎyÎ˚ öy–

~çöƒ §yôyÓ˚î í˛zÍ§ ˆÌˆÏÜ˛ !öà≈ï˛ xyˆÏ°yˆÏÜ˛ x§üÓ!ï≈˛ï˛

(unpolarised) Ó°y •Î˚– xy˛õ!ö Î!ò ~Ü˛!ê˛ x§üÓ!ï≈˛ï˛

xyˆÏ°yÜ˛Ó˚!Ÿ¬Ó˚ ï˛!í˛¸ÍˆÏ«˛e!ê˛ˆÏÜ˛ §yüˆÏö ˆÌˆÏÜ˛ ˛õÎ≈ˆÏÓ«˛î Ü˛Ó˚ˆÏï˛

˛õyÓ˚ˆÏï˛ö ï˛ˆÏÓ °«˛ƒ Ü˛Ó˚ˆÏï˛ö ˆÎ ï˛!í˛¸ï˛#Î˚ ˆû˛QˆÏÓ˚Ó˚

≤Ãyhsˇ!Ó®%!ê˛ Ü˛áöÄ ~Ü˛!ê˛ í˛z˛õÓ,_ñ Ü˛áöÄ Ó,_

xyÓyÓ˚ Ü˛áöÄ ~Ü˛!ê˛ §Ó˚°ˆÏÓ˚áy Ó˚ã˛öy Ü˛Ó˚ˆÏåÈ–

9.1 !ã˛ˆÏe xy˛õ!ö ≤Ãyhsˇ!Ó®%!ê˛Ó˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ˛õÌˆÏÓ˚áy

ˆòáˆÏï˛ ˛õyˆÏÓ˚ö–

öyöy≤ÃÜ˛yÓ˚ ˆû˛Ôï˛ í˛z˛õyˆÏÎ˚ x§üÓ!ï≈˛ï˛

xyˆÏ°yˆÏÜ˛Ó˚ ï˛!í˛¸ÍˆÏ«˛ˆÏeÓ˚ í˛z˛õÓ˚ !Ü˛å%È ¢ï≈˛ xyˆÏÓ˚y˛õ

Ü˛ˆÏÓ˚ ˙ xyˆÏ°yˆÏÜ˛ §üÓ!ï≈˛ï˛ xyˆÏ°yˆÏÜ˛ Ó˚*˛õyhsˇ!Ó˚ï˛

Ü˛Ó˚y ÎyÎ˚– ˆòáy ÎyÜ˛ Ü˛ï˛û˛yˆÏÓ ï˛!í˛¸ÍˆÏ«˛e!ê˛Ó˚

í˛z˛õÓ˚ ¢ï≈˛ xyˆÏÓ˚y˛õ Ü˛Ó˚y ÎyÎ˚–

SÜ˛V ï˛!í˛¸ÍˆÏ«˛e!ê˛ Î!ò ~Ü˛!ê˛ !ö!ò≈‹T ï˛ˆÏ°

xyÓk˛ ÌyˆÏÜ˛ ï˛ˆÏÓ xyˆÏ°yÜ˛Ó˚!Ÿ¬Ó˚ àï˛˛õˆÏÌÓ˚

x!û˛°¡∫ ï˛ˆÏ° ï˛!í˛¸ÍˆÏ«˛e ˆû˛QˆÏÓ˚Ó˚ ≤Ãyhsˇ!Ó®%!ê˛ˆÏÜ˛

§Ó≈òy•z ~Ü˛!ê˛ !ö!ò≈‹T §Ó˚°ˆÏÓ˚áyÎ˚ ÌyÜ˛ˆÏï˛ ˆòáy

ÎyˆÏÓ– 9.2(a) Ä (b) !ã˛ˆÏe xy˛õ!ö ~•z xÓfliy!ê˛

ˆòáˆÏï˛ ˛õyˆÏÓö– ~áyˆÏö Z-x«˛ ÓÓ˚yÓÓ˚ §M˛ÈÓ˚üyö

ï˛Ó˚ˆ ÏD ˆÜ˛yö ü%•)ˆ Ïï ≈ ˛ ï˛!í˛ ¸ï˛#Î˚ ˆû˛QˆÏÓ˚Ó˚

≤Ãyhsˇ!Ó®%=!° ˆÎ Óe´ˆÏÓ˚áyÓ˚ í˛ z ˛õÓ˚ ÌyˆÏÜ˛

ˆ§!ê˛ˆÏÜ˛•z ˆòáyˆÏö •ˆÏÎ˚ˆÏåÈ– xyˆÏ°yÜ˛Ó˚!Ÿ¬!ê˛Ó˚ ~áö

Ü˛¡õöï˛°

§üÓï≈˛ö ï˛°

!ã˛e 9.2 (a)  ˜Ó˚!áÜ˛ §üÓï≈˛ö

!ã˛e 9.2 (b)  ˜Ó˚!áÜ˛ §üÓï≈˛ö

!ã˛e 9.2 (c)  Ó,_#Î˚ ò!«˛îyÓï≈˛# §üÓï≈˛ö

!ã˛e 9.2 (d)  Ó,_#Î˚ ÓyüyÓï≈˛# §üÓï≈˛ö

!ã˛e 9.2 (e)    í˛z˛õÓ,_#Î˚ §üÓï≈˛ö

Ü˛¡õöï˛°

§üÓï≈˛ö ï˛°

˛!ã˛e 9.1
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˜Ó˚!áÜ˛ §üÓï≈˛ö (linear polarization) âˆÏê˛ˆÏåÈ Ó°y •Î˚– ï˛!í˛¸ÍˆÏ«˛e ˆÎ ï˛ˆÏ° xyÓk˛ ÌyˆÏÜ˛ ï˛yˆÏÜ˛

Ü˛¡õöï˛° (plane of vibration) ~ÓÇ ï˛yÓ˚ °¡∫ï˛°ˆÏÜ˛ §üÓï≈˛ö ï˛° (plane of polarization) Ó°y

•Î˚–

SáV ï˛!í˛¸ï˛#Î˚ ˆû˛QˆÏÓ˚Ó˚ ≤Ãyhsˇ!Ó®%!ê˛ Î!ò ~Ü˛!ê˛ Ó,_ Ó˚ã˛öy Ü˛ˆÏÓ˚ ï˛ˆÏÓ xyˆÏ°yÜ˛Ó˚!Ÿ¬Ó˚ §üÓï≈˛öˆÏÜ˛ Ó,_#Î˚

(circular) Ó°y •Î˚– Ó,_#Î˚ §üÓï≈˛ˆÏöÓ˚ ˆ«˛ˆÏe ò¢≈Ü˛ í˛zÍˆÏ§Ó˚ !òˆÏÜ˛ ï˛yÜ˛yˆÏ° !ï˛!ö Î!ò ï˛!í˛¸ï˛#Î˚ ˆû˛QÓ˚ˆÏÜ˛

â!í˛¸Ó˚ ÜÑ˛yê˛yÓ˚ üï˛ â%Ó˚ˆÏï˛ ˆòˆÏáöñ ï˛ˆÏÓ ˙ xyˆÏ°yˆÏÜ˛Ó˚ ò!«˛îyÓï≈˛# Ó,_#Î˚ (right circular) Ä â!í˛¸Ó˚

ÜÑ˛yê˛yÓ˚ !Ó˛õÓ˚#ˆÏï˛ â%Ó˚ˆÏï˛ ˆòáˆÏ° ÓyüyÓï≈˛# Ó,_#Î˚ (left circular) §üÓï≈˛ö âˆÏê˛ˆÏåÈ ÓˆÏ° ôÓ˚y •Î˚–

9.2 (c) Ä (d) !ã˛e ò%!ê˛ˆÏï˛ ~•z ò%•z xÓfliy ˆòáˆÏï˛ ˛õyˆÏÓö–

SàV ≤Ãyhsˇ!Ó®%Ó˚ ˛õÌˆÏÓ˚áy!ê˛ §Ó˚°ˆÏÓ˚áy Óy Ó,_ öy •ˆÏÎ˚ ~Ü˛!ê˛ í˛z˛õÓ,_Ä •ˆÏï˛ ˛õyˆÏÓ˚– 9.2(e) !ã˛ˆÏe

~•z xÓfliy!ê˛ ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– ~ˆÏ«˛ˆÏe xyˆÏ°yˆÏÜ˛Ó˚ §üÓï≈˛öˆÏÜ˛ xyüÓ˚y í˛z˛õÓ,_#Î˚ (elliptical) Ó!°–

§üÓ!ï≈˛ï˛ ï˛Ó˚ˆÏDÓ˚ Ó˚*˛õ!ê˛ ˆÓyé˛yÓ˚ çöƒ xy˛õ!ö ~Ü˛!ê˛ §•ç ˛õÓ˚#«˛y Ü˛ˆÏÓ˚ ˆòáˆÏï˛ ˛õyˆÏÓ˚ö–

~Ü˛!ê˛ °¡∫y ˆüyê˛y ò!í˛¸Ó˚ ~Ü˛≤Ãyhsˇ •yˆÏï˛ ôˆÏÓ˚ xöƒ ≤Ãyhsˇ!ê˛ é%˛!°ˆÏÎ˚ !òö– xy˛õöyˆÏÜ˛ ~Ó˚ çöƒ !§Ö!í˛¸ˆÏï˛

Óy ÓyÓ˚y®yÎ˚ òÑyí˛¸yˆÏï˛ •ˆÏï˛ ˛õyˆÏÓ˚– ~ÓyÓ˚ ò!í˛¸Ó˚ í˛z˛õˆÏÓ˚Ó˚ ≤Ãyhsˇ!ê˛ o&ï˛ í˛y•zˆÏö ÓÑyˆÏÎ˚ xyˆÏ®y!°ï˛ Ü˛Ó˚ˆÏ°

ò!í˛¸!ê˛ ˆÓˆÏÎ˚ í˛z˛õÓ˚ ˆÌˆÏÜ˛ ö#ˆÏã˛ ˜Ó˚!áÜ˛û˛yˆÏÓ §üÓ!ï≈˛ï˛ ï˛Ó˚D ˆÎˆÏï˛ ˆòáˆÏÓö–

~ÓyÓ˚ xyüÓ˚y ˆòáÓ §üÓ!ï≈˛ï˛ xyˆÏ°yÜ˛ï˛Ó˚DˆÏÜ˛ Ü˛#û˛yˆÏÓ ày!î!ï˛Ü˛ Ó˚*ˆÏ˛õ ≤ÃÜ˛y¢ Ü˛Ó˚y ÎyÎ˚–

9.3 §üÓ!ï≈˛ï˛ ï˛Ó˚ˆÏDÓ˚ ày!î!ï˛Ü˛ Ó˚*˛õ

ôˆÏÓ˚ !öö ~Ü˛!ê˛ xyˆÏ°yÜ˛ï˛Ó˚D §üˆÏÜ˛yî# Ü˛yˆÏê≈˛ç#Î˚ !öˆÏò≈¢ï˛ˆÏsf z-˛x«˛ ÓÓ˚yÓÓ˚ x@ˇÃ§Ó˚ •ˆÏFåÈ–

ï˛Ó˚ˆÏDÓ˚ ï˛!í˛¸ÍˆÏ«˛e!ê˛ xö%≤Ãfli •ÄÎ˚yÎ˚ ˆ§!ê˛ x-y ï˛ˆÏ° xyÓk˛ ÌyÜ˛ˆÏÓ– ï˛ˆÏÓ ˆÜ˛yö z-í˛z˛õyÇ¢ ÌyÜ˛ˆÏÓ

öy– ï˛!í˛¸ÍˆÏ«˛ˆÏeÓ˚ x-y í˛z˛õyÇ¢=!° ˆ°Ïáy ÎyÎ˚ É

Ex(z, t) = a cos(kz – ωt)   ............. 9.1

Ä Ey(z, t) = bcos (kz – ωt + ϕ)  ............. 9.2

°«˛ƒ Ü˛Ó˚&ö Ex Ä Ey ò%!ê˛Ó˚ Ó˚y!¢üy°y•z + z !òˆÏÜ˛ §M˛Èy!Ó˚ï˛ ï˛Ó˚D ˆÓyé˛yˆÏFåÈ– í˛zû˛ˆÏÎ˚Ó˚ ˆ«˛ˆÏe•z

Ü˛¡õyB˛ v = ω/2π ï˛Ó˚D ˜òâ≈ƒ λ = 2π/k, xÌ≈yÍ xyüÓ˚y ~Ü˛Óî≈# xyˆÏ°yÓ˚ ï˛Ó˚D•z !ÓˆÏÓã˛öy Ü˛Ó˚!åÈ

ÎyÓ˚ ˆÓà v = vλ = ω/2π × 2π/k = ω/k ......9.3 ï˛ˆÏÓ ï˛!í˛¸ÍˆÏ«˛ˆÏeÓ˚ í˛z˛õyÇ¢ò%!ê˛Ó˚ !ÓhflÏyÓ˚ a Ä

b !û˛ß¨ ~ÓÇ ï˛yˆÏòÓ˚ üˆÏôƒ ò¢yÓ˚ ≤ÃˆÏû˛ò ϕ– ~áö xyüÓ˚y ˆòáÓ a, b Ä ϕ ~Ó˚ !Ó!û˛ß¨ üyˆÏöÓ˚

çöƒ ˆÎ ˆÜ˛yö x-y ï˛ˆÏ° E
→

 ˆû˛QÓ˚!ê˛ Ü˛# ôÓ˚ˆÏîÓ˚ ˆ°á Ó˚ã˛öy Ü˛ˆÏÓ˚–
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9.3

9.4

9.1,  9.4

9.1 9.2

9.3 (a)

9.3 (b)

9.3 (b)
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9.4

9.5

9.59.1

9.3

9.29.1

9.3 (c)



287

9.6

9.7

9.6

9.3 (d)

9.4

9.3(d)
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xyüÓ˚y ~•z xö%ˆÏFåÈˆÏòÓ˚ ˜Ó˚!áÜ˛ §üÓï˛ö≈ í˛zÍ˛õyòˆÏöÓ˚ ˛õk˛!ï˛=!° xyˆÏ°yã˛öy Ü˛Ó˚Ó– x§üÓ!ï≈˛ï˛

xyˆÏ°yˆÏÜ˛ ˜Ó˚!áÜ˛û˛yˆÏÓ §üÓ!ï≈˛ï˛ Ü˛Ó˚ˆÏï˛ ≤Ãôyöï˛ !ï˛ö!ê˛ í˛z˛õyÎ˚ xÓ°¡∫ö Ü˛Ó˚y ÎyÎ˚– ~=!° •° É

≤Ã!ï˛ú˛°ˆÏöÓ˚ myÓ˚y

˜mô ≤Ã!ï˛§Ó˚ˆÏöÓ˚ (double refraction) myÓ˚yñ

!mÓî≈# (dichroic) ˆÜ˛°yˆÏ§Ó˚ §y•yˆÏÎƒ–

ˆòáy ÎyÜ˛ ~•z !ï˛ö!ê˛ ˛õk˛!ï˛Ó˚ ü)°ö#!ï˛=!° !Ü˛–

9.4.1 ≤Ã!ï˛ú˛°ˆÏöÓ˚ myÓ˚y ˜Ó˚!áÜ˛ §üÓï≈˛ö É

ôÓ˚y ÎyÜ˛ x§üÓ!ï≈˛ï˛ xyˆÏ°yÓ˚ ~Ü˛!ê˛ Ó˚!Ÿ¬ ÓyÎ˚% ˆÌˆÏÜ˛ n ≤Ã!ï˛§Ó˚yˆÏB˛Ó˚ ~Ü˛!ê˛ xhsˇÓ˚Ü˛ (dielectric)

˛õòyˆÏÌ≈Ó˚ í˛z˛õÓ˚ xy˛õ!ï˛ï˛ •° S!ã˛e 9.4)– !ã˛ˆÏe θ ~ÓÇ ϕ ÎÌye´ˆÏü xy˛õï˛ö ˆÜ˛yî Ä ≤Ã!ï˛§Ó˚î

ˆÜ˛yî– xy˛õï˛ö ï˛ˆÏ° ~ÓÇ ï˛yÓ˚ x!û˛°¡∫ !òˆÏÜ˛ xy˛õ!ï˛ï˛

Ó˚!Ÿ¬Ó˚ ï˛!í˛¸ÍˆÏ«˛ˆÏeÓ˚ í˛z˛õyÇ¢=!° àˆÏí˛¸ §üüyö ÓˆÏ°

ôÓ˚y ÎyÎ˚– ≤Ã!ï˛ú˛!°ï˛ Ó˚!Ÿ¬Ó˚ ˆ«˛ˆÏe ~Ü˛Ìy Ó°y ÎyÎ˚

öy– ï˛!í˛¸ÍˆÏ«˛ˆÏeÓ˚ ò%•z í˛z˛õyÇˆÏ¢Ó˚ çöƒ•z xhsˇÓ˚Ü˛ ˛õòyˆÏÌ≈Ó˚

≤Ã!ï˛ú˛°ö =îyB˛ñ xÌ≈yÍ xy˛õ!ï˛ï˛ ï˛#Ó ï˛yÓ˚ Ü˛ï˛ xÇ¢

≤Ã!ï˛ú˛!°ï˛ •Î˚ñ ˆ§!ê˛ xy˛õï˛ö ˆÜ˛yˆÏîÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚

Ü˛ Ï̂Ó˚–

Ó &‹Ty Ï̂Ó˚Ó˚ §)e xö%ÎyÎ˚# xy˛õï˛ö ˆÜ˛y Ï̂îÓ˚ ê˛ƒyö Ï̂çrê˛

Îáö ≤ÃÌü üyôƒˆÏüÓ˚ §yˆÏ˛õˆÏ«˛ xhsˇÓ˚Ü˛ ˛õòyˆÏÌ≈Ó˚

≤Ã!ï˛§Ó˚yˆÏB˛Ó˚ §üyö •Î˚ ï˛áö•z ≤Ã!ï˛ú˛!°ï˛ Ó˚!Ÿ¬Ó˚

˜Ó˚!áÜ˛ §üÓï≈˛ö §¡õ)î≈ •Î˚– xy˛õ!ö •Î˚ï˛ ~Ó˚ ï˛y!_¥Ü˛

Óƒyáƒy!ê˛ çyöˆÏï˛ ã˛y•zˆÏÓö–

ï˛!í˛¸Íã%˛¡∫Ü˛#Î˚ ï˛Ó˚ˆÏDÓ˚ ï˛_¥ ˆÌˆÏÜ˛ ày!î!ï˛Ü˛û˛yˆÏÓ ˆòáyˆÏöy ÎyÎ˚ ˆÎ xy˛õï˛ö ï˛ˆÏ°Ó˚ x!û˛°ˆÏ¡∫

Ä §üyhsˇÓ˚yˆÏ° ï˛!í˛¸ÍˆÏ«˛ˆÏeÓ˚ ò%•z í˛z˛õyÇˆÏ¢Ó˚ ˆÎ xÇ¢=!° (r) ≤Ã!ï˛ú˛!°ï˛ •Î˚ ˆ§=!° •° É

§üyhsˇÓ˚y° í˛z˛õyÇˆÏ¢Ó˚ˆÏ«˛ˆÏe 

ncos cos
rn ncos cos

θ − ϕ= θ + ϕ

 .................. 9.8 (a)

˛xy˛õ!ï˛ï˛

Ó˚!Ÿ¬

˛≤Ã!ï˛ú˛!°ï˛

Ó˚!Ÿ¬

˛≤Ã!ï˛§,ï˛

Ó˚!Ÿ¬

˛!ã˛e 9.4
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~ÓÇ x!û˛°¡∫ í˛z˛õyÇˆÏ¢Ó˚ ˆ«˛ˆÏe 

2
cos n cos

r
cos n cos

θ − ϕ= θ + ϕ

        .......... 9.8 (b)

≤Ã!ï˛ú˛!°ï˛ ï˛#Ó ï˛y Ä xy˛õ!ï˛ï˛ ï˛#Ó ï˛yÓ˚ xö%˛õyï˛ˆÏÜ˛ xyüÓ˚y ≤Ã!ï˛ú˛°ö =îyB˛ Ó!°– ~•z Ó˚y!¢!ê˛Ó˚

üyö 9.8 (a) Ä (b)ÈÙÈ~Ó˚ Ó˚y!¢ò%!ê˛Ó˚ ÓˆÏà≈Ó˚ §üyö xÌ≈yÍ §üyhsˇÓ˚y° í˛z˛õyÇˆÏ¢Ó˚ ≤Ã!ï˛ú˛°ö =îyB˛

2
2

n n
n cos cos

r
n cos cos

  
    

θ − ϕρ = θ + ϕ

 .......... 9.9(a)

~ÓÇ x!û˛°¡∫ í˛z˛õyÇˆÏ¢Ó˚ ≤Ã!ï˛ú˛°ö =îyB˛ 
2

2
1 1

cos n cos
r

cos n cos
  
    

θ − ϕρ = θ + ϕ  ...........9.9 (b) Ó!°–

9.5 !ã˛ˆÏe ˆ°á!ã˛ˆÏeÓ˚ §y•yˆÏÎƒ xy˛õï˛ö

ˆÜ˛yˆÏîÓ˚ §ˆÏD ï˛!í˛¸ÍˆÏ«˛ˆÏeÓ˚ xy˛õï˛ö ï˛ˆÏ°Ó˚

x!û˛°¡∫ í z̨̨ õyÇ¢ Ä §üyhsˇÓ˚y° í z̨̨ õyÇ¢Ó˚ ≤Ã!ï˛ú˛°ö

=îyˆÏB˛Ó˚ ˛õ!Ó˚Óï≈˛ö ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ–

ˆ°á!ã˛e ˆÌˆÏÜ˛ xy˛õ!ö !öÿ˛Î˚•z Ó%é˛ˆÏï˛

˛õyÓ˚ˆÏåÈö ˆÎ x!û˛°¡∫ í˛z˛õyÇˆÏ¢Ó˚ çöƒ ≤Ã!ï˛ú˛°ö

=îyB˛!ê˛ xy˛õï˛ö ˆÜ˛yˆÏîÓ˚ §ˆÏD e´ü¢É Ó,!k˛

ˆ˛õˆÏ°Äñ §üyhsˇÓ˚y° í˛z˛õyÇˆÏ¢Ó˚ ≤Ã!ï˛ú˛°ö =îyB˛

ˆÜ˛yöÄ ~Ü˛!ê˛ !ö!ò≈‹T xy˛õï˛ö ˆÜ˛yˆÏî ¢)öƒ •ˆÏÎ˚ ÎyÎ˚– ~•z !ÓˆÏ¢£Ï xy˛õï˛ö ˆÜ˛yˆÏîÓ˚ üyö!ê˛ xy˛õ!ö

!öî≈Î˚ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ö !Ü˛⁄

9.9(a) §)e ˆÌˆÏÜ˛ ˆòáy ÎyÎ˚

Î!ò ncosθ = cosϕ •Î˚ ï˛ˆÏÓ ρn = θ •Î˚–

ˆfl¨ˆÏ°Ó˚ §)e ˆÌˆÏÜ˛ñ sinθ = n sinϕ

∴ n cosθsinθ = cosϕ.nsinϕ.

Óy sin2θ = sin2ϕ

ˆÎ Ï̂•ï%̨  θ Ä ϕ ˆÜ˛yî ò%!ê˛ x§üyö ~ÓÇ ~Ü˛ §ü Ï̂Ü˛yî x Į̈̂ õ«˛y Óí˛̧ öÎ̊– 2θ = π − 2ϕ, Óy

˛xy˛õï˛ö ˆÜ˛yö

≤
Ã!ï

˛ú
˛°

ö
 =

î
yB

˛
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!ã˛e  9.6

!ã˛e  9.7

xy˛õï˛ö ï˛ˆÏ°Ó˚

§üyhsˇÓ˚y° í z̨̨ õyÇ¢

xy˛õï˛ö ï˛ˆÏ°Ó˚

x!û˛°¡∫ í˛z˛õyÇ¢

xy˛õ!ï˛ï˛

Ó˚!Ÿ¬

§yôyÓ˚î

Ó˚!Ÿ¬

x§yôyÓ˚î

Ó˚!Ÿ¬

9.7

9.4.2
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9.8(a-d)

9.7

Ü˛ƒy°§y•zê˛

 ˆÜ˛°y§
x˛õ§,ï˛

xÇ¢

Ü˛ƒyöyí˛y
Óy°§yü

hflÏÓ˚≤Ãôyö

ˆåÈò

x˛õ§,ï˛

xÇ¢

!ã˛e 9.8.(a)

!ã˛e 9.8.(b) !ã˛e 9.8.(c)

!ã˛e 9.8.(d)

xy Ï̂°yÜ˛#Î̊
x«˛
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9.8.a)

9.8

9.8 (d)
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9.8

9.9

xyˆÏ°
yÜ˛#Î

˚ x
«˛

x§üÓ!ï≈˛ï˛

xyˆÏ°y

!mÓî≈#

ˆÜ˛°y§

≤ÃyÎ˚ §¡õ)î≈ ˜Ó˚!áÜ˛

§üÓ!ï≈˛ï˛ xyˆÏ°y

9.4.3
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9.5
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ˆöˆÏà!ê˛û˛ ˆÜ˛°y§

SÜ˛ƒy°§y•zê˛V

˛õ!ç!ê˛û˛ ˆÜ˛°y§

SˆÜ˛yÎ˚yE≈˛yV

x
yˆ

Ï°
yÜ

˛#Î
˚ x

«
˛

x
yˆ

Ï°
yÜ

˛#Î
˚ x

«
˛

°¡∫ xy˛õï˛ö

xyˆÏ°yÜ˛#Î˚ x«˛

!ï˛Î≈Ü˛ xy˛õï˛ö

xyˆÏ°yÜ˛#Î˚ x«˛

9.10a

9.10b

9.11.(a) 9.11.(b)

9.11.(a) 9.11.(b)

9.10b9.10a
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°¡∫ xy˛õï˛ö

xyˆÏ°yÜ˛#Î˚ x«˛
!ï˛Î≈Ü˛ xy˛õï˛ö
xyˆÏ°yÜ˛#Î˚ x«˛

!ï˛Î≈Ü˛ xy˛õï˛ö
xyˆÏ°yÜ˛#Î˚ x«˛

°¡∫ xy˛õï˛ö
xyˆÏ°yÜ˛#Î˚ x«˛

°¡∫ xy˛õï˛ö
xyˆÏ°yÜ˛#Î˚ x«˛

!ï˛Î≈Ü˛ xy˛õï˛ö
xyˆÏ°yÜ˛#Î˚ x«˛

9.12.(a) 9.12.(b)

9.13.(a) 9.13.(b)

9.14.(a) 9.14.(b)

9.12

9.11(a)

9.13

9.13b

9.14

9.14
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9.14

9.5.1

9.15

9.15
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9.11 (a)

9.12

9.13



300

9.13

9.14

9.15

9.4

9.6
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9.16

xyˆÏ°yÜ˛#Î˚ x«˛

!ã˛e
9.16

9.16(a)

9.16(b)
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9.18

9.17

!ã˛e  9.17

9.17

9.17

9.17

9.18

9.189.17

9.16

!ÓˆÏŸ’£ÏÜ˛

§üÓï≈˛Ü˛
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9.16 9.16 (b)
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9.7

9.4 9.6

9.7.1

9.18 (a)
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9.18

9.18 (b)

9.18 (c)

9.19

9.20

9.19

9.20
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9.18 (b) 9.18 (c)

9.7.2

9.1
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9.8

9.19

9.4.1
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9.16
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10.6

10.7
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10.1
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10.4.4

10.5

10.5
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10.5

(10.5.1)

(10.5.2)

10.6
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10.7

10.8

10.2

10.3

10.2
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10.3.1

10.3.1

10.3.1

10.5.1
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11.2.3

11.3
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11.4

11.5
11.5.1
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11.5.3

11.6

11.7

11.8
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11.2 – 11.4



329

11.2

11.2.1



330

11.1
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(11.9)

(11.11)
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11.2.3

11.4
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(11.15)
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11.9
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12.2
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12.4

12.5

12.5.1

12.5.2
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12.6

12.7

12.8

12.9
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12.3
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12.2
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!ã˛e 12.3
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13.4
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13.10
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(13.12)

(13.11)

13.8

 13.10



395

13.8

(13.8)



396

13.8



397

13.8

13.8



398

13.9



399

13.11

13.1

13.1

13.10



400

13.3.1



401

13.2

13.4, 13.4.1 13.4.2

13.1

13.6

13.8

EPH-06 (B 1 & 2)—26



402

14

14a.1
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14.a.1

14a.2
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14a.3

ˆ°™ ôyÓ˚Ü˛

S!ö°¡∫ Ó¶˛ö#V

§yê˛yÓ˚

Sxy•z!Ó˚§V

Ó˚¶…̨

Sï˛yÓ˚yÓ˚¶…˛V

ˆ°™ Sˆ°™V

ˆ≤’ê˛ Sx!«˛˛õê˛V

!ö°¡∫ Ó¶˛ö#

ï˛yÓ˚yÓ˚¶…˛

xy•z!Ó˚§

ˆÜ˛°y!§ï˛ ˆ°™

ò,!‹TˆÏÜ˛w

x!«˛˛õê˛ Ó#«˛î fl¨yÎ˚%˛õÌ

!ã˛e 14.1 : ≤ÃfliˆÏFåÈˆÏò Ü˛ƒyˆÏüÓ˚y Ä üyö%ˆÏ£ÏÓ˚ ˆã˛yá–
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Ü˛!ö≈Î˚y

ï˛yÓ˚yÓ˚¶…˛

§¡ø%á Ü˛«˛

˛õÿ˛yÍÜ˛«˛

ÄÎ˚y ˆ§ˆÏÓ˚ê˛y

ˆÓ˚!ê˛öy

ˆÜ˛yÓ˚ˆÏÎ˚í˛

§ˆÏÜœ˛Ó˚y

ò¢≈öfl¨yÎ˚%

í%˛Ó˚y ˆüê˛yÓ˚

x!«˛ã˛e´

Sx¶˛!ï˛°Ü˛V

!§!°Î˚yÓ˚# Ó!í˛

ˆçyö%°yï˛v

xy•z!Ó˚§

üƒyÜ%˛°y Ä

 ú˛!û˛Î˚y

!û˛!ê˛ΔÎ˚y§ Ó!í˛
ˆ°™

!ã˛e 14.3

A
A

V

O

!ã˛e 14.2 : üyö%ˆÏ£ÏÓ˚ ò!«˛î ˆã˛yˆÏáÓ˚ üôƒˆÏÓ˚áy ÓÓ˚yÓÓ˚ ˆåÈò–

VA–Ó#çîx«˛– OA–xyˆÏ°yÜ˛x«˛–

Diagram showing the eyes and visual projection system
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xyˆÏ°yÜ˛ÈÙÈÓ˚!Ÿ¬

àƒyÇ!@’Î˚ö ˆÜ˛y£Ï

Óy•zˆÏ˛õy°yÓ˚ ˆÜ˛y£Ï

ˆÜ˛yî‰!öí˛z!Üœ˛Î˚y§

ˆÜ˛yî‰

àƒyÇ!@’Î˚ö ˆÜ˛y£Ï

Óy•ẑ Į̈ õy°yÓ˚

ˆÜ˛y£Ï

Ó̊í‰̨ !öí z̨!Üœ̨ Î̊y§

Ó˚í‰̨

ò¢≈ö fl¨yÎ˚%

!ã˛e 14.4 : ˆÓ˚!ê˛öyˆÏï˛ !ö!•ï˛ fl¨yÎ˚%í˛z˛õyòyö– xy˛õ!ï˛ï˛ Ó˚!Ÿ¬ˆÏÜ˛ àƒyÇ!@’Î˚ö

ˆÜ˛y£Ï Óy•zˆÏ˛õy°yÓ˚ ˆÜ˛yˆÏ£ÏÓ˚ û˛Ó˚ x!ï˛e´ü Ü˛ˆÏÓ˚ Ó˚í˛ Ä ˆÜ˛yˆÏîÓ˚ @ˇÃy•Ü˛ hflÏˆÏÓ˚

ˆ˛õÑÔåÈˆÏï˛ •Î˚–
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14.a.7

14.a.6



411

!ã˛e 14.6



412



413

14a.8



414



415



416

14a.9

14a.10

14b.1



417
EPH-06 (B 1 & 2)—27



418



419

14b.2

14.7



420



421

14b.3



422



423

14b.4



424

14b.5



425



426

14b.6



427



428

14b.7



429



430



431

14b.8



432



433
EPH-06 (B 1 & 2)—28



434

14b.9

14.8



435



436

14b.10



437



438

14b.11



439



440

14b.2



441

!ã˛e 14.9



442



443

14b.13



444

14b.15



445

14b.14



446



447

NOTES
.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................



448

NOTES
.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

....................................................................................................................................................................


