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ABSTRACT

Al-Razi Abl Bakr Muhammad ibn Zakariyya (Rhazes) (c. 250/865-313/925) was one of the encyclopedic beautiful minds in the history of science
in Islam. The experiences that he collected from different fields contributed to his success in the other scientific branches in which he studied.
Alchemy led him to modern chemistry and to build a modern experimental laboratory, where he learnt to extract medical drugs. He turned himself
to being a treating pharmacist in the hospital, where he later became an excellent doctor treating the poor and princes alike. In Al-Razi’s book
“Doubts on Galen (Shukik ‘ala JalinGs)” are the words of Galen, the senior of Physicians, from the books attributed to him. In this book, Al-Razi
asks the right questions, and this is what distinguishes him as a high-class scientist. In this analytical article, the physical information was extracted
from AL-Razi’s experiments, observations, and comments about optics, how stars are seen, how light, image, and color reach our eyes, what are
the dimensions and distances of the stars and the planets from us and the rationale for inaccuracies in those dimensions.

Al-Razi's beautiful method is to teach physics and optics and when he explains an idea he approves it by a proof or disapproves it by a proof,
looking for the correct place for every idea and he judges it by his “Natural Balances” in his encyclopedic mind.

Al-Razi’s articles on optics and ophthalmology talk about the structure of the eye, and how the eye sees the objects, by comparing them with
Galen’s books, indicates the deep awareness of Al-Razi of the mechanism of vision in the eye in humans and animals. Razi also corrected Galen’s
views about strabismus and amblyopia, and explained the mechanisms of vision in the dark and after sleep.

Al-Razi also explained some of his experiments in optics and astronomical observations, suitable to be applied today, and he talked about his
experiments about seeing two objects together, identical or different, together in a straight line or close to each other at the same level orin a
different level. He mentioned the properties and correct comparisons of concave and convex mirrors and their use in the Abbasid era in which
Razi lived. We repeated his experiments as he described and confirmed the validity and accuracy of his observations.
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d) nysinf; =n,sin6,

. _1 (Mo Sin6; . _,( 021 .
Qt = Sin (n—1> = Sin (m) = 8.18
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adbc =Ll JSal e
A+ B =180
(xadb = gach = 90" ¢is, 360" = el I &I L5l 5 ¢ sen)
dbc &biall (e
6] + 6, + B =180
A+B= 06+ 6,+B
A= 0/+ 6, ... €))

§=6,+6,,
0,=6,+06;,, 6,=6+ 6]
§=(6;— 6)+ (6, — )
=0;+6,—(6; + 6,)

Dsisall (el Aagl ¢ oAl Al e dasiall ) 5 e aaiad Cal jai¥) Ayl ) o *
zual (2) Aaladll )5 0; = 6, Ledie s yuall Lgiled A § OS5 *
§=6, =20,—A
A+4
Hi = UL
2

(1) dabadl e G] = @] Sy %
A=20]= 6] =14/,
n, sin@; = ny sin 6; JsY) bl
Dsbisall Bale JLSil dden s ey, =neng =100
sin 6;

sin 6]

sin 1/2 (A+6,,)

sin(A/Z)

n
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a. §=0,+0,—A
At point d:
n, sin6; = n, sin 6;

1% sin(70°) = 1.62 * sin 6,

. 0 = 35.45°

v A=0;+ 6

60° = 35.45° + 6
~ 0 = 24.55°

At point c:

n, sin6; = n, sin 6,
1.62 * sin(24.55°) = 1 * sin 6,
"0, =42.29°
v 5=0;+06,—A
= 70°+ 42.29° — 60°
. § =52.29°

sin 1/2 (A+S,,)

b. n=
Sin(A/z)
(8035
1.62 = -
Sin(60 /2)
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(60° + 6, )
1.62 =

sin 30°

(60° + 6m)
1.62 =

60°+ §,,
0.81 = sm( )

60°+ &
sin~1(0.81) = Tm
8, = 2+*sin"1(0.81) — 60°
6, = 48.18°

n
c. ,=sin"?t (—2>

ny
1
 eian—1
- sm (1.62)
6, = 38.11°
0, = 24.55°
0. < 6,

4 gial) 7 ghadl A LS g (ulSad¥) ;AN Juadl)

i pladd) 1A

w =l 8 et ¢ 3/, didle Sl dalaas 60° 4nl A5l S )sdise tHW

¢ iV Ayl ) el 30° A5l slall e e dgle L] \3&_4/3

H.W: P.32
Q):1,3,4,57

15

Qane o b illue olac o



Light Refraction e gall L

% 70°

:._ 800
—% Air

Water

e o Sl Ay gl 3 g ¢ suall dadl Ja gios A gl ) o ABMRll Gaiad 1Ay jadl) CAaA
wﬂﬁmufkujuydmw\dﬂ‘d)aa‘)}f

M)whmcgJéL\cﬁ)ﬁWcépJM :Z\-JJQSS\Q‘JJ‘

Al Jes bl

&b ot el LSO Ll e Al 5d salh e s gl LS
il das sabal) o gl a il gall Liand il AS Al aUaig ¢ guall Cila g
S JEiE Laxie 5 daUall s e JEi5 e oUai Cold A8 ja Caanid Jausgl) 12a
Ao ju By Lghe pu pad G olad¥) e AAGKN 3 Calile A Lo
5y ) 5 Lgtie s st B QY T g 8 il sl S a2 oy Ui 5o
by o dagall JES) die Jeasy oy JBY) o gl e JEnY) 8 4 Al
DL Jeanyy caline LS dabae (53 oy ) Lo il Jabas (63
Jpajjfdic;}bl\ o\;ﬂ\‘);\ﬁ@jd‘ JMS}Y\L;;:\JL\Y\ (G

" Aala ) dald


https://ar.wikipedia.org/wiki/%D9%81%D9%8A%D8%B2%D9%8A%D8%A7%D8%A1
https://ar.wikipedia.org/wiki/%D9%85%D8%B9%D8%A7%D9%85%D9%84_%D8%A7%D9%86%D9%83%D8%B3%D8%A7%D8%B1
https://ar.wikipedia.org/wiki/%D8%B6%D9%88%D8%A1
https://ar.wikipedia.org/wiki/%D9%82%D8%A7%D9%86%D9%88%D9%86_%D8%A7%D9%84%D8%A7%D9%86%D9%83%D8%B3%D8%A7%D8%B1

Light Refraction e gall L

a)QUaM o.lgj JA)S c}u.aj\dua‘):_ng\ )A\jjnj\ J;\}Ac}aj\ J\.uS.i\
5 eal 4 Claladiind Ll o LS Labiad i) dagpdal) Liagdl 3508 daanl
_Ed,gas@&

‘A\u\&& .Lu.njuoédb.u\ e oJL.uA Ce c}u.aj\ u\)m\ 99 cjaaj\JLu&\
@A aisall aall iy e 4S all b paien of (e Yad AT Calad Jan g
¢M\uyﬂku#}\uyd\ﬁu\%ajmucuﬂq5fmu\5
:(Snell's law) Jiiw 518 s (& (8 aiall ¢ guall g a8l

nysinf = n,sind’ ... ... (1)
(0) Wiy Ll Uy Jo¥) Jan sl HLuSl Jalae Jiay Nz, N S
Ll oSV g L il sl 5 Lat (7)) 5
@@yuuj&\)ﬂ\@;}d\‘\sﬂuuw\}é n:J\.uSJY\dA\.u
Balal)

n =; ...... (2)

.lau}]\c_gc-j*a!\‘\.cydh(v)c&\)ﬂ\@;}»ﬁj\«:ydw(c)ug;
o dalill mdad) Sl Letie 5 guiall gLl ool a3 g8 1o guall LSSl
AL (ualida paleds Cpdan g
A LAl die 49 gl Al oS e langll 5 )08 8
& ondlide (pdled phasy Gn Jealy A gl g idialdl xdall)
PRPRA B
b ALy Joaldll mladl ) asial pledll s il Sl gled
Lo gl s
.J)A’J‘j Lol ‘_;1‘5.543\ &\.’_mj\ O 3)}4;.45\ 2\_1"‘9\)3\ LEA Lj&uﬂ” 4.1}‘)
dalill dand) e Ja i) s (e aliall
S gl 8 gl g laill aaad) Slaall g4 1 el 5 gual) g Lacl
dmt.d\ C.b.uﬂ\ UADJLU.J:U
JMSJ.AM ‘_;1‘9.545\ &La.mj\ O OJJ.LAMM 3\4}\)3\ LSQ JLUASJY\ 2\_1“‘9“)
dalill dand) e da giad) i (e aliall 3 gaall g



https://ar.wikipedia.org/wiki/%D9%88%D8%B3%D8%B7_%D8%B4%D9%81%D8%A7%D9%81

Light Refraction e gall L

DL Al s A i) Ayl s A 1Y) LI o 5il8
b 5l

a5 sina 8 uSiall plasll g Jadld) gLl ady o SN LSSV () i
b sl G Jealdl) mdand) e g el Ja g A e liall 3 geall g
@A\@;M\&yw@\ﬁ&jwM\JMY\dAb
(A dan gl b g puall Aoy s J Y

S 1Al e il de o G Al s changdl Glhddl LS Jalxe
Lo sl 138 s ganall G sy o) sgl)

Sl e el claae Jie op seall SLaSEY Alaadl Cilighadll e aaell llia
L haalls el ¢ e b S 6y seall Jaaad 3 JLaSIY) aadiiud

:Jand) 48y 5k

058 Cuas dhuadll e gl jaadl sl g adl e 8l a1
(0-0) sl e Ahaadl & ) sa

O g simall 2 all (58 dumy (5 nadll pa Bl e danad) dell a2
el Asaall Caaly (0-0) Lssalls ¢(90-90) Lsaall e (e duuzall

sie Futall Sl gl gl elay o gas o puml) aemal) Jiiiiiy o8 3
ddnll (he (5 siuall ¢ jall Je Ldlull sl ) &S5 (0-0) sl
A gac B ) gy

5 gy At Lo i Al 8 Al g Al o el plaidll i) 4
A gae

& (Aebad) olae Bladl GuSay 5l ) L )3 (5 ) a8l 93y @85
axc el e cing ) Alile 5y gy duanll o o guiall Ty G gun Alall o3
s sae anll (5 giveall rdad) (55K i A yadll 5 i Al Gutal) &
o3 (2 (0-0) Lsaall (e AxdY) L g8 3k Yie (0-0) Lsaall e
Aol 30 o AxiY) s i Al (normal) o send) ) saall (o A
i) (8) Josindl 1) ansi 3 gaall 5 LA ladll (s 5y geanal
) Ga il Sl )35 J3A (e Lghad Jaaass (Sl


https://ar.wikipedia.org/wiki/%D8%AC%D9%8A%D8%A8_%D8%B2%D8%A7%D9%88%D9%8A%D8%A9

Light Refraction e gall L

s (0") DSV A5l 5 (ks Adall (o Sl ¢ La Bl 481 je angy
Rsandl g JuSiall Ll (3 ) geanall 4y 1) Jia

oLial Jganl) (8 lemuia s JLuSEVI 45l 55 o shuall 451 ) (e S ol o 7
Lol e o Jganll b 538 (5 peaill (a8l 933 33 )l (e

Jubas oand Al (S22) S (5100) 5 (i) 0 S o o) 8
Jsaadl pads b bl 2l 5 ¢ Cpdans o) (il HLuSEY)

A Jaall 2a 505 (X 2 sin@') s (Y : sinh) ad O Sl bhia an ) 9
() sl G aitl) L&YY Jalrs e Jiay

No 0 o' siné sin@’ sin@
sinf’
1
2
3
4
5
6
7
8
LAY

iV Ll gl 3 s 13 e 1

¢ SN Jalall (Sai) iy Cas 2

e L gae Jadlod) o ladl) (5% s (Jiw) (88 B sk e Lualy ) oy .3
eSS (s e (b s G Jealdl) o)

£13Lal 5 € LIV b (i) sl 4y 5 S = shandl pmds Ja 4




Gafiy) g 3 gaad) g JAdAILY (AL Juadl)

W, Gaass padlnd @l 48l (o o gl i 31 el sall bl (ol 3 Ll

ol o il Lls Y15 spemlle JANE oy ol 13 b Lelglin 31 el ol

il Leasd oSe Y Galadll oda, L gl il peadl Ll 1y A8 gl il sl
Aonge Apald 13 g ¢ puall ) Calad o W i apdaind (SI (Lpapen) e ladV) Gy jualll

:Jaladl) 1-2

o Al Sll) JAlal) 3 L) 5l leliy and) 138 (S 6l g U s and () (i g Ao Uiy

eanall Gl (S5 Y1 JANa) 6 Lt 82580l s gal) dnas (ga S (55 Al A al)
8o pandl lpany we JAE () L) (Sae 45 guall il gall 30 jdiall A sall dais (g0 il
b b Lanlalisna 5 5eSH Ylaall ()5S Latie Canny A gaall s pally Glaiall Jail) cdpuld
Lnse JIshl e a8 gin) G A g alaade (S Y Jalal) 23 gai 5 jiiall il sall S5

-

B hald
AV da g il 86 Cangy o gadall ) gl (8 Jalail) Dl ST

Candl g Loy &l sk A le Bilas ) cony o) AeSLE jiladll (585 o) ange)
LAY

s s Ul 3 (s ol Aol jliadl) ¢S5 o s Y

Clas § sane ) Ayglse ) sSius Alianall A gall Zaaalld,  hall o 3 (ytin g Aipne ddaii 3
(1) S8 A gruia sa LS oy gl

¢ Aanlil) da gall Ladld Gl
Ag=A+A=2A R % §|

058 Aailil] A gall 500 13)
gt Ag?=2°A%=221 . (2.2)

Alaiiall il sall o Al GG & gana o ST 055 Al 8250 () sl (e

lg>1+1=2] S 2 )

) Anmal) i jalls oLl JRINl e Ly Copmy ol lls 6 iy 3 Jal 6 (1S
) Jalal Jias Jaliall el 3 LedaaSls

OsSi Al da el dadl Gl shall 8 dSlaie (pia sal) () 5S5 Ladie o5 Al digma Llis b

s AUl s gall da ol GlIY

A=AA=0 (2.4)

Page 1



Gafiy) g 3 gaad) g JAdAILY (AL Juadl)

£ sSiu Al da gall 32 fa
1RI0°=0 s (2.5)

Aladiall Gils gall e 43Ul Gl & gana e S G S AU 3G ) el 6l (e

lr<2l reereeerreenneennns (2.6)
Alli & Aozl gl ASIA) ¢ gl s alagdl Jalailly o yey LGl oda sl Jalaill ol 1S
elagl) Jalanl) Jigs Jalal)
A=m A el Ja)as
A=(2m+1)A/2 30 Jalx
ol Jladl 3 AA 5 m=0,1,2,3,......... Ladic

) Sl ydan (e s guall Gl se SIS e AUl A gl A8l a8 Bale) 3 jalls o)
Rl e S

iisd possall AN 4505 1.1.2

ad Gala sela¥ ol gala) jaae Jlaatiul & (peSUiia & puia 5y WY Al 44 )kl
Sk i Y LeSlite RSN e el G 6 sl 58 3588 JSS o 0 phea iad
o8l Ol Lo ) A A el dual o Laid (Adl) a5 L) ¢ sual) A s iy
(g Gl A i g Al 8 5l army (i pall SIS 3 jaucaall Al gy Caniall ¢ puall b ) s
aalasly had ¢ guall 208 1305 AGLEN die ) uA ¢ sl Joay Ladie Jalal) a\ﬁiis e
Ay Sy Y zlsaV) Jalais 38 (3-3)JSill (8 miage LS 35800 JDA 0 5 e 2y LaY)
A 3k (3-b) Sl (A i ge LS (35881 7 JA ) W) i elld (e Yy s JAISS laal

Al o< ey pay Al dslaid) JAy g adfiiall Jaddl jlis (10 ¢ guall o ey

e mig (et Ablug 30 Jsl potae (e Gl ol zlgel b Jalall i) S
Jala Ay gl ¢ suall ) sl dasl el g Ll () 3 3¢ 2 Unladia uia 5y (4-3) JSE0151801
Lol 7l 5a¥) Y 4SLE ¢ pia lias 73S QRAN I damys §1S) o)l sie S S
$1,5; (e Comiall ¢ guall iy A3 )5l A o Jadlad il Lgusis Aa sl dgan (o L Lagia
@ LSl AALE o Auiae g dallie Blalie (e 45580 49 )l 5 aa (e 430 e Lol
JSAll AL e Akl die S) (e Cadll g S (e Gl ¢ sl Juay Ladie (4-b) JS
LS (Rl (g o suall 3a Ladie 5 oaiae b yelay amgall @l ie el Jala Caaay (o3
Sl bl 38 (2.9,2.10) Ualadll magiy sl aa i AL e aiage ) e
Lasee Aulial) alladll s (il gl adise dd paads (sl o alhaall gl s (oaall gl
Ofihledll (e diass ool gilileddl dagy (0) JSA) (8 miase WSy P IO e

Aalbiall g Lpaall Claa¥) ad se Jidi 15 (2.12,2.13)

Page 2



Gafiy) g 3 gaad) g JAdAILY (AL Juadl)

13 gaali2. 2

_J)ﬂﬂ@ﬁﬂu\aﬁhw}éﬂ\ Jaa d)\ib‘)‘jﬁm&:\aﬂuY\

Ol o sall Jshally &5 jlia 5 S Al o) oS5 Ladie Aadh DA Cila sall lss (5) IS i gy
o O sSam clilall Jsa eliadV1 Gli 6 jpaa daiil) ()5S0 Lae lilall Jea s Y s gl
Jiai daidl), ) slaall mdadl Jals e Cila sall Gl as 5 jpa daiil) ()5S5 Laie 5 Adas DLl
G 055 Ladie raal s (058 sl Ll lalaiY) JS (0 Cua Gl sall Jiise jdas
o sl 5l Badly 5508 dail) ) o6 Ladie | jsia laa ()5S Al aas s Al (e faa
paa 05Sy Ladie Laid Aaadlall Qi ey il gall 250 dale 5 semy Anll (e el Clilse
Aa 8 7 smg el (f agall el (Ja JS o sl Jshall g £,ladl B Jalall
O sall Jshall Glicliae (e dadill aaa ()5S Ladie Al Lgilaadle (5855, 4 suall Cila sl

A 3 gaall g Jadatl)

13 gaadl g Jaladl) o 80 1.2.2

el a) (e padall ¢ guall Jeld e il ) 8SH L Slgan (e 236 ¢ gaiall Jeldl e @8l G5
A gall s (il ddlidg daall Aaine Adlide As g0

el Gad L Gl D gandl Ol fl Sl Y o) St o) (Saal) (e JATAEN Qilaal
)

uwuzmws:\z@m\mm@mi Lol dallie () oS3 (5 yiaall 52l) 3halia

238 ity 304 alac ) Ll 45 38 jall daagl) Al b L] Apadll 2 al) S
A N gl e 32l

t R Ay Ji b a9 2,22
A A s i 8 s gl e (e 5 () calal gall B alls

O B Al (Je U ¢S LS g ¢ gl Home cagall g Al 1 A1 8 2 )
¢l oglas Y i A ama 3oalls ) LAl e (6-a) JSEN B LS Bl
0585 Y Al Gl el Hoda sl Aysiee 55 Y Lasud) A se dges, Cilune
iana (S5 LA o 3k o) 3 Al daad) 30 (g sinall Bl JS 8 A shodia
g e Adlre Hull o)l Adlisa palic e 0l Glaglll ) Saal) Jafaill
i Shae Leblad () Al 13 Ulee Al 538 A 5l
i Ailae o (JUsS RALEN 5 o gl aaa cagall e g sl 138 2 iei) 8 g Y
L Ly il e ailaadle Ageull (o 8 6e il gaall Zigad (BAN (e Badaa
Jeal Lol ccpiine e Jlarinl Gl Lle e isedh Sy e Jpeanl

Page 3



Gafiy) g 3 gaad) g JAdAILY (AL Juadl)

LS 3 gaadl ey AELEN e o guiall (L0) 5uS Al Al 5 (5 5] s Haaal) (e paldll ¢ guall
Aase den Al Al on JRIS) Allagy g 2pall N (6b) JSA b
gl Aen o Al il ol 3aY) G LS (51 ey 8 il pall g A giana (3555 Lo g
Jaladl) A seal) (pa ASEA 238 | (3AN (g ginall Lalas JS A Hshall uds 8 < Al g
Lajally dwaell aladialy Lilse dley adll ¢ gl 450 gie Aed) oY Lualy ) Laa

oA A 3L e Sy salaiall

1 gudal) il gal) Gl 3.2

daadll Clgaia mag (7) S A piudl dughline g Sl Glagall Azl Ly Caas
laazy oo Al L) 55 ld (S5 (Al 5 dpspdaline 5 Sl il gally Aalial)  spdalizall 5 2l yeS1)
Cia sl akald diby Ll lhaiiny) el s Caasi A sall (33Ul olail e Liagl s (sl

A el Ageplaline s oSl i pall A

fAgall Glaiiuy )69 1.3.2
fsh WS gl QUadinl) (e B2t g 53l llia

55 Lensen el clapall e A o s5ms 3 5 ccuaiinn Ll ol )
AeSUiie e ()5S5 o) (s mad) 4niall LS 5 (o Y AlanaS ity Lol sle

Sl dydadl) Aphaiionl) Cila sall (e (Y Alana ydiny o adl) sG] Y

Sl ol hall clitad) el e miie A Gym Lije cabifiedl ¢l Y
Ln qabaiesal) ¢ guml) a5y (8) JSE Caluiase

G Alite Gl JSEG 568U (pim gl Aliana g8 3 allaY) (ki) ¢ sl
OS5 ALY Clatiall ¢ gl 4 (9) JSAN 8 LS 90° (5 sbu i Legin ) 5hal)
) oty 5 Aol dniall s o S g §kin B i seSl 4niall e

Dshall B dand) s (SIS (48 SLELL (i 5o Al ()5S ¢ ) el ¢ gl 0
Axidl) o alS 130U iyt A punll A sl 900 ) (s shone ol Lagi
Lo ety S san g HLERY) ol Jaa e asiall ST ASE 480 B L eS)
&1

Page 4



Sources of Visible Light

Jean Brainard, Ph.D.

To access the online version of this FlexBook
click the link below:

https://www.ck12.0org/c/physics/sources-of-visible-light/les
son/Sources-of-Visible-Light-MS-PS/?referrer=concept det
ails

cK flexboo<

next generation textbooks

1


https://www.ck12.org/c/physics/sources-of-visible-light/lesson/Sources-of-Visible-Light-MS-PS/?referrer=concept_details

To accessa customizable version of thisbook,aswell as
otherinteractive content, visit www.ck12.org

CK-12 Foundationisa non-profit organization with a
mission to reduce the cost of textbook materialsfor the K-
12 market bothinthe US.and worldwide.Using an open-
source, collaborative,and web-based compilation model,
CK-12 pioneersand promotesthe creation anddistribution
of high-quality, adaptive online textbooksthat can be

mixed, modified and printed (i.e., the FlexBook® textbooks).

Copyright © 2021 CK-12 Foundation,www.ck12.org

The names“CK-12"and “CK12" and associated logosand
the terms” FlexBook®"” and “ FlexBook Platform®”
(collectively "CK-12 Marks”) are trademarksand service
marksof CK-12 Foundation and are protected by federal,
state,andinternational laws.

Any form of reproduction of thisbookin any format or
medium,in whole orin sections, must be attributed
according toour attribution guidelines.
https://www.ck12info.org/about/attribution-guidelines

Except asotherwise noted, all CK-12 Content (including
CK-12 Curriculum Material)ismade available to Usersin
accordance with the CK-12 Curriculum Materials License
https://www.ck12info.org/curriculum-materials-license

cK-1) License

Complete termsfor use for the CK-12 website can be found
at:http://www.ck12info.org/terms-of-use/

Printed:June 18,2021 (PST)

cK

AUTHORS
Jean Brainard, Ph.D.


www.ck12.org
www.ck12.org
https://www.ck12info.org/about/attribution-guidelines
https://www.ck12info.org/curriculum-materials-license
https://www.ck12info.org/curriculum-materials-license/
http://www.ck12info.org/terms-of-use/

Sources of Visible Light www.ck12.org

Sources of Visible Light
Explores where light comes from in our surroundings and the different ways matter
can emit light.

Sources of Visible Light

[Eiguref]

Imagine scuba diving and coming upon a jellyfish. Would you be startled if the jellyfish

suddenly started to glow with bright yellow light, like the jellyfish in the picture above?
If so, then the jellyfish would have done its job. Jellyfish give off light to startle possible
predators. The light they emit is visible light.

The Light We See

Visible light includes all the wavelengths of light that the human eye can detect. It
allows us to see objects in the world around us. Without visible light, we would only be
able to sense most objects by sound, touch, or smell. Like humans, most other
organisms also depend on visible light, either directly or indirectly. Many animals—
including predators of jellyfish—use visible light to see. Plants and certain other

organisms use visible light to make food in the process of photosynthesis. Without this

food, most other organisms would not be able to survive.
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Q: Do you think that some animals might be able to see light that isn’t visible to

humans?

A: Some animals can see light in the infrared or ultraviolet range of wavelengths. For
example, mosquitoes can see infrared light, which is emitted by warm objects. By
seeing infrared light, mosquitoes can tell where the warmest, blood-rich areas of the

body are located.

Incandescence

Most of the visible light on Earth comes from the sun. The sun and other stars produce
light because they are so hot. They glow with light due to their extremely high
temperatures. This way of producing light is called incandescence. Incandescent light

bulbs also produce light in this way. When electric current passes through a wire

filament inside an incandescent bulb, the wire gets so hot that it glows. Do you see the

glowing filament inside the incandescent light bulb in the Figure below?

Q: What are some other sources of incandescent light?

A: Flames also produce incandescent light. For example, burning candles, oil lamps,

and bonfires produce light in this way.

Luminescence

4
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Some objects produce light without becoming very hot. They generate light through
chemical reactions or other processes. Producing light without heat is called

luminescence. Luminescence, in turn, can occur in several different ways:

* One type of luminescence is called fluorescence. In this process, a substance
absorbs shorter-wavelength ultraviolet light and then gives off light in the visible
range of wavelengths. Certain minerals produce light in this way, including
gemstones such as amethyst, diamond, and emerald.

* Another type of luminescence is called electroluminescence. In this process, a

substance gives off light when an electric current passes through it. Gases such as

neon, argon, and krypton produce light by this means. The car dash lights in the

Figure below are produced by electroluminescence.

[Figure3]

e A third type of luminescence is called bioluminescence. This is the production
of light by living things as a result of chemical reactions. The jellyfish in the
opening photo above produces light by bioluminescence. So does the firefly in the

Figure below. Fireflies give off visible light to attract mates.

5
https://flexbooks.ck12.0org/flx/b/1085117


https://flexbooks.ck12.org/flx/b/1085117
https://www.ck12.org/
https://flexbooks.ck12.org/flx/b/1085117
https://www.ck12.org/c/physics/heat
https://www.ck12.org/c/physics/wavelength
https://www.ck12.org/c/earth-science/minerals
https://www.ck12.org/c/physics/current

Sources of Visible Light www.ck12.org

[Figure4]

Watch the video below to learn more about undersea creatures that make light:

lHlumination

Many other objects appear to produce their own light, but they actually just reflect light
from another source. Being lit by another source is called illumination. The moon in the
Figure below is glowing so brightly that you can see shadows under the trees. It
appears to glow from its own light, but it’s really just illuminated by light from the sun.
Everything you can see that doesn’t produce its own light is illuminated by light from

some other source.
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Summary

e Visible light includes all the wavelengths of light that the human eye can detect.
Humans and virtually all other organisms depend on visible light to survive. Humans
and many other animals use it to see. Plants use it to make food for themselves and
most other organisms.

* Most of the visible light on Earth comes from the sun. The sun produces light
because it is so hot. Glowing with visible light because of a high temperature is
called incandescence.

* Producing light without a high temperature is called luminescence. Types of
luminescence include fluorescence, electroluminescence, and bioluminescence.

* All objects you can see that do not produce their own light are reflecting light

from another source. This is known as illumination.

Review

1. What is visible light?

2. Define incandescence, and give an example of an incandescent light source.
3. What is luminescence?

4. Make a table comparing and contrasting three ways that luminescence can

OoCcCur.
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5. On a sunny day, white sand on a beach seems to glow with light. What process

explains why the sand is so bright?

VocabUIary Language: English v
Term Definition
illumination Being lit by and reflecting light from another source.
incandescence Production of visible light by an object that is so hot it glows.

Production of visible light that does not involve high temperatures but instead occurs through

luminescence ; 8
chemical reactions or other means.

visible light Range of wavelengths of electromagnetic waves that the human eye can detect.
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(a) Fig 36-25a, p.1144

©2004 Thomson - Brooks/Cole
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To locate the image formed by a lens, we use the virtual image at |, formed by surface 1 as the

object for the image formed by surface 2. The point C1 is the center of curvature of surface 1.



Thin lenses and optical instruments &; pe2-! 5}@29\3 aid 3\ Slwdall

A8 )1 Cluaal) Ala 3
R‘Z

Rl
0 1_(n 4 2_1
A W (e fa)
1 ns
@ \/ ) 13 (;\}@J) n,=1 o e
>l<

@
s G @
SO (S
f R, R,

. sl ailoa 8Me 4




Thin lenses and optical instruments &; pe2-! 5}@29‘5 aid 3\ Slwdall

568 Ciluaall alal) ) g31al) Ll

1 1 1
=4 —
f s s
h S
M == AL aadl 3 kel Sl s,
p_ 1 diopter sisall s g dsal) 558 5l 5 3
f

il £ sl axa) gy G



Thin lenses and optical instruments & ya.d! 3}@.?59\3 aad JI Slwdall

Aol ddnd) Ao g3 5 guall (9SS EN
LAL\S\SO‘JAM?LA\HAM cﬂyé&d&u‘\_\mmm%}u‘o‘)@\e&jcﬁy

el g o g ALty 550 TIA Byl 5 < F dmg e amedd S 13
Soga g s =F8 0l B awall S LY

A slia g b uCe A8 5y guall 2F > 5> F ary A awal) (S 1Y) -
A glia g 4 gloa 43883 3 ) guall § = 2 Ao acadl GlS 1) -
Aolia g b puas 488 3 9@l § > 2f Ao anad) (IS 1Y) -0

(Aakaii) 4 slia g lan B jhias AB8a 80 AT ) gua (L8 gD (B amaad) (1S 1) -1



Thin lenses and optical instruments ?\gfaé‘ 3}-@-7.'5:?‘3 ?\.5.33)\ Sl




Thin lenses and optical instruments 3-3,44‘ 3}@2-‘3\3 ?\.ﬁ.})’\ Sl

L > | Back
2
3 Fy /
F
B
Front 4




Thin lenses and optical instruments 3-3,44‘ 3}@2-%3\3 ?\.ﬁ.})’\ Sl




Thin lenses and optical instruments & y2-! 3}@29‘3 aad JI Slwdall

Lead 3 g gall dgadl i 8 g AlXina 95 jrime A0LA Ladld (K33 ) palld 3 jriall dudall dpually
Adall e auall e IS Laga camanl)

1
> |
— 3
22 IR 2
o ~—9
: 2
Front Back

©2004 Thomson - Brooks/Cole



Thin lenses and optical instruments &; pe2-! 5}@29‘5 aid 3\ Slwdall

Gl HLEY) dacla e

Asaaadl Gald Al g daad) alal sl IS 1) dnga s

(el dga ads 8) dsdad) alal Adli g Al (alA i ga 7 o

Bzl 8 Al s codsadl el A g f o

&t O 1) Al 5 ddadliall dai¥) ol uSe &l S e IS 13l dn s R o
AdaBlial) daiY slad) b



Thin lenses and optical instruments &; pe2-! 3}@29‘3 aid 3\ Slwdall

M‘wl

Fi

=

-

b—t—
S, — e

B

d dilue Lagumny (e Jonds Olinana URE) (s  (1-4) JS4
L sl Lagins g gana 0o S

3 yall 488 1) laall

s s ST sl
M=MM,

s

:\“Jﬂ\&u\ﬁz\jjﬁd\ﬁ‘)jd\g)ﬁ&g;

raay e 5 2N Aaell ava 16V

S, =d—s}

(sl ey Baal g dne UALKS Legild (jliaadliae (liuasll CuilS 1)

1 1 1

f f f,



Thin lenses and optical instruments &; pe2-! 3}@29‘3 aid 3\ Slwdall

C a5 bawn 5 O eandall Hlaill Calia ki

Adue o 25 em os Ja Y am e S
G 55l )l aaall e 2y S danall jeaall 4 duaal)
oSy Alxina g3 oSa ALA 3 ) e (el el () 5S

:Z\EM\%L;L"':‘&@\
25Ccm
m=——
f
Co eSill dad i
25¢cm
m=1+——

f



Thin lenses and optical instruments & y2-! 3}@2-9‘3 aad JI Slwdall

dainal)
§ i
A f, S 5 ySaall
I{‘O \/ ’.
|- ABDAally x5Sl 3 )

«— S —> S/'/////////////j:
| i —L({25cm
V- : —J M =MM, =

fe fe
rop oSl ded e

M =M M, = | 14 226
fe fe




1 Jua
o#umaﬂaﬁy\ckuj\jclocm o#%umw“himm
rwaal 1,54 b Sl Jalza <20 cm

Lee si a5 (5l Laasy (1
1.6 o )8 Jalaa alad Jil (st dndel)l Cama ¢ 1) ALl 3 yaall s ac) (<



2 Jh

e oS3 Al 5 ) sacall CailS 1)) dranse dde (e anandl 22y a0
el ans Conaa g dis ()

el aan Caria g Addld (@



3 Jla

Jala e 3 a4l Cui &g dae sl 30 cm e o anas paia
:Z\.a»a.:ﬂ‘éj..)\.aa._m;\ ¢dwdall BlX 10 cm 2

Lesi(z L S (o (s Laaay (1



4 Jua

$ o3 Waasy 48 je dze e bl A 18 em 2 o (s s
Bosall juSis ad se caual <30 cm



5 Jla
aud a9 <15 cm Legin 4dluall 9 10 cm Wl s 4 cm ‘_A}mgsj}d\ ]l Glizasae Gluae
Oftwand) Ao gy 45 Sl A0l 3 ) gl HuKi g (S s _L_AJY\Z\”A:J\?LA\Scm e



6 JYa

5 cm sl s s Al drane dude e 50 cm 228 20 cm s oy deaas duae
(oY) Al alal 30 cm e e paia s anad Al 3 ) suall 18 s (|

1 em auall Jsb G813 Lee 55 40l B ) saall J gha (-

Oliaalie WIS 1Y) riaall g 55l 2l (7

CfibaMNiall el Gl (0 4 cm 2 o anal 3 ) gall 28 50 (3

i) (il de ganal LIS duaal) 3, (2



7 Jlia

Cauaall



8 Jlia

sV ge 515 Auand) 558 o Le 40 cm oo J8 Al o Bel il aulaien Y (i
25 cm A8l e 3] Hall (e a4



9 Jlia
allg ¢ 24 cm bl S e S Saal Al g Aiel] riiaell G ddL)
S Saall SN oSl sl et il e 0.5 cm 53 ecm e 55



Thin lenses and optical instruments &; pe2-! 5}@29‘5 aid 3\ Slwdall

Gl o1y 3l andi — o slal) B

Quiz suad LAl
058 13/9 Whala Lkl Jaleag 12 cm, 24 cm %@Jﬂﬂ“%ﬁ\ Lmh.\c -\
13 cm (2 -27cm (= 16 cm (< 18 cm () 1 uis) Waxy
19S5 Ad g<iall By guall (M ¢ Lgda 5 em My S anid g ¢ 10 cm L) Wary drana s LY
5 jhuas dlld (2 B Ll (2 5 jhuas dila (o 5 ySa 4kl (I
5 (2 100 (= 0.1 (< 10 (1 Sl Awsal) 538 Balodd) ) gudd) 2 -¥

198 Lagd gl 2l (b ¢ 5 om Al g 4 em (AU (55l ) (liBaMia Glivse - €
cm 5(¢ 0.45 cm (= cm 2.2(< cm 4(

Ll s el 435Sy A 55l 0 -0
B uaa ddina (3 3 juaa dgglia (7 3 uSa Alina (@ 3).\&:\.\333.4(\



Optics

By:
Dr. Siham Jasim Al-Faris

Department of Physics

2nd stage

University of Al Hamdanyah



é*'{
Light physics and properties
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Wave

Light physics

. light is represented as a
ray that travels iIn a
straight path¢ the direction

of which can
only by p

pe changed
acing an

obstruction In t

ne path

particles

light is a stream of
fast-moving particles




Light waves

In the wave model light is viewed as
electromagnetic waves. Since these waves
consist of oscillating electric and magnetic
fields which can exist in empty space, light
can travel through a vacuum.

Electric field




Since light can be analyzed as a complex
mixture of a huge number of individual
electromagnetic waves, the important
properties of light and other electromagnetic
waves can therefore be understood in terms of
the properties of these simple elementary
waves.



Properties of Light

e \Waves, particles and EM spectrum
e [nteraction with matter

e Absorption

e Reflection, refraction and scattering

e Polarization and diffraction




Electromagnetic wave, E.M
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Waves

Electromagnetic Mechanical waves
l

<

,, |

Transverse Transverse Longitudinal

Ex: Radio wave Ex: Water wave Ex: Sound wave
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Transverse wave Longitudinal wave
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Longitudinal waves : In this type of wave, the
movement of the particle are parallel to the motion of
the energy i.e. the displacement of the medium is in
the same direction to which the wave is moving.

Cirsction of wave

-

@00 |0| o 9 0|0 0|0

Largitudinal mation of air particlaes J

Transverse waves : When the movement of the particles is
at right angles or perpendicular to the motion of the
energy, then this type of wave is known as Transverse

wave. ,\/ ,\J




Electromagnetic waves

e Electromagnetic waves (or
electromagnetic radiation)
are waves made of
oscillating magnetic and
electric fields. O\~ ~

= '.I.._.. "IJ:.: .__-"--"'._
o /i A

A ~ Traveling

* Electromagnetic waves are
engtho direction
waves that are capable of Iegec  Sliomgnercune
traveling through a vacuum.

Electric fields
F Y

e capable of transporting
energy through the vacuum
of outer space.



The Electromagnetic Spectra

Electromagnetic waves exist with a large range of
frequencies. This continuous range of frequencies is
known as the electromagnetic spectrum.

The subdividing of the entire spectrum into smaller
spectra is done mostly on the basis of how each
region of electromagnetic waves interacts with

matter.
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The diagram below depicts the electromagnetic
spectrum and its various regions.

Visible spectrum wavelength (A)
4000 5000 SSOO 6000 6500 7000 7500

_ - I

|4—Wavelength | *

Radiowaves Infrared [ Ultraviolet Gamma rays
Types of Extremely low N > S —>» e
radiation frequency '
Microwaves A-rays
r— ¢ ——r —_—
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Visible spectrum wavelength (A)
4000 4500 5000 5500 S000 6500 7000 7500
r v r v ' v r »

| — W avelength —P»]

Radiowaves Gamma rays

Types of Extremely low <> e _—

radiation frequency

-

pd

Extremely low frequency

K-rays

—

Microwaves

Source: power lines, electrical appliances -
Radio waves

Source: AM and FM radio, TV
Wavelength: Centimeters to Kilometers
Frequency :30 kHz to 30 MHz

Photon energy: Nano to micro
eV(107° to 107° el)
 |owest energy

Wavelength: Kilometers
Frequency :30-300 Hz
Photon energy: Pico eV(10712 el)

 |lowest frequency and
* the longest wavelength
* used in communications




Visible spectrum wavelength (A)
4000 4500 5000 5500 6000 S500 7000 7500
[ v v T v T v »

| —wWavelength —P»] ‘

Radiowaves

GSamma rays

Types of Exftremely low as > — —_—
R on 2 L Microwaves HK-rays
Microwaves Infrared waves
Source: Microwave oven Source: Radiant heat
Wavelength: millimeters to meters Wavelength: Microns to millimeters
Frequency :300 MHz-300 GHz Frequency :300 GHz to 300 THz
Photon  energy: Micro to  milli Photon energy: Milli eV to eV (10~ 3eV)

-6 -3
eV(107™" to 107" eV) « has a wavelength just a little longer

than what our eyes can detect.

* high energy * The human body has a temperature
* used in our kitchen microwaves to that produces radiation in this part of
cook your food the spectrum

* used in night-vision cameras and
remote controls




Visible

Source: Sun
Wavelength: 400 to 700 nanometers

Visible spectrum wavelength (A)
4000 4500 5000 5500 S000 6500 7000 7500
r ' r r ' ' r »

| — W avelength —P»]

Radiowaves
Types of Extremely low - —»

radiation frequency

-

Gamma rays

R —

Microwaves K-rays

Ultraviolet waves

Source: Arc welding
Wavelength: 400 to 100 nanometers

Frequency : 430 to 750 THz Frequency :750 to 3000 THz

Photon energy: 1.8 to 3 eV

* is the part of the electromagnetic .
spectrum that our eyes can detect
and so is the part we are most
familiar with in our everyday lives.

Photon energy: 3to 12 eV

high energy
e shorter wavelength

e are capable of ionizing atoms, breaking
molecular bonds and even damaging
DNA molecules.




Visible spectrum wavelength (A)

4000 4500 5000 5500 S000 S5500 7000 7500
r T T T T T T »
il

| — W avelength —P»]

Types of Extremely low
radiation frequency

-

X-rays

Source: X-ray tube, some radioactive source
Wavelength: 100 to 10~3 nanometers
Frequency : 3000 to 10%° THz

Photon energy: keV to MeV (103 to 10° eV)

e very high energy and, like UV

e can ionize atoms in the body and cause
damage

Gamma rays

—>

K-rays

>

Gamma rays
Source: Radioactive sources

Wavelength: 100 to less than 1073
nanometers

Frequency : 3000 to above 102%° THz

Photon energy: keV to above MeV
(103 to 10° eV)

the energy of this rays is greater than
all  the other rays in the
electromagnetic spectrum, and it has
lower wavelength.

This rays emitted from a molecule
which suffer translate in the inner of
the molecule.




Wavelength: is defined as the distance between two
successive crests or troughs of a wave. It is measured In

the direction of the wave.

/1_211
-k

Where: k. propagation constant or wave number.

Relationship of Wavelength and Frequency
of Electromagnetic Waves

Direction of Wave —™
Propogation
A B
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Frequency: The frequency of a wave measures the
number of times a complete wave cycle will pass a
given position. The relation between the frequency
and the period T of a repeating event or oscillation

IS given by

Where

where: w Is the angular frequency.



The equation that relates wavelength and frequency for

electromagnetic waves Is:

Speed of Light = Wavelength x Frequency

c=Af
Wavelength = Speed of Light
Frequency
Frequency = Speed of Light
Wavelength

Where
A: Is the wavelength.
f is the frequency and

c. Is the speed of light.



Speed of Light and Refractive Index

The speed of light in a transparent material is always
less than the speed, ¢, in vacuum. The ratio of the
speed in a vacuum to the speed in the medium is called
the refractive index (n) of the medium.

speed of light in vacuum

tive index —
refractive index speed of light in medium

C
n = —
(%



