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¢ =3.00 x 108 m s™ - nair = 1.00
Inm=10"m-1um=210°%m: -1 mm=103m
Angles are measured from the normal unless stated otherwise.

do, di: object/image distances (textbook xo, xi). M: signed magnification.

Use constants provided in the question when different. Use consistent distance units and the stated optical sign convention.

Scope: supplied 10A_Haykal.pdf, Term 1 2026—2027. Textbook printed pages 4-35 and 42-56. Each exam question has its own
outcomes and ten practice questions.
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EXAM QUESTION 01 - QUICK REVISION

Reflection of Light

coall LulSsl
Learning Outcomes qls:l xilgs
1. Distinguish diffuse and specular reflection with sl 2o yiciallg elaiiall yulSeidl o dcadl]
examples.
2. Apply the law of reflection in ray diagrams and blusdly dealll wlalhsa 6 wlSeidl oil8 §udas
calculations.
Quick Notes .l doMs
A smooth surface gives specular reflection; a rough daadl oy acdly Jabiis LalSeil Luladl xdaddl ooy
surface scatters_ rays because local normals differ. Both oSyl 1 gilB Ghny laadMS il $aacdl Bylsy
obey the reflection law. <
Measure incidence and reflection angles from the normal, Y xdaudl e sganll o ulSeidlg bgdudl Lisgly Lulds
not the surface. il o
0/ = Or

10 Practice Questions

1.1 Distinguish specular reflection from diffuse reflection.
Sdciall oy @brall (ulSeidl e
1.2 Classify reflection from a polished mirror and from rough paper.
s 48499 dgion ST)A&:_:_QAJ'Q.«JS&JI Bio
1.3 Does diffuse reflection violate 6i = 6r? Explain.
b §01 = Or &Blell yicuall oSl @iy o
1.4 Why is an image clearer in still water than in rippling water?
zsazall elall 8 lgio (Sludl elall 8 bl 8300l 1ysS5 13La)
1.5 Aray strikes a mirror at 35° to the normal. Find its reflection angle.
oS3 o1y a gl s gasl go °35 dyglis 8lye Lle ¢ los by
1.6 Aray makes 25° with the mirror surface. Find incidence and reflection angles.
o2l bggadl isgly ax gl BT5all pxdas go °25 dygly ¢ e gray
1.7 The angle between the incident and reflected ray arms is 100°. Find 6i.
B 1251 100 uSnially bodludl ¢ laadl ey oy dyoll
1.8 Aray arrives along the normal. Describe the reflected path.
oS2iall oylua o sgasll slual e ¢ lod oy

1.9 Sketch reflection for 6i = 40°, marking the normal and the reflected ray on its opposite side.
o AslBall dgadl e uSsiall ¢ lidly sgasll o oo 01 = 40° sic LilKail @yl

0506428618 3 393kl aaxl 3Lzl



1.10 A student measures a 60° reflected angle from the surface and reports 6r = 60°. Correct the result.
Aol oo .Or =60° 54 bl o uSeiall ¢ laad) °60 dgly b Ll

EXAM QUESTION 01 - ANSWERS

Reflection of Light

1.1 Specular reflection sends parallel incident rays in one common reflected direction; diffuse
reflection sends them in different directions.

dlzsen olaladl b yacall lghayy g o yuiea yalSedl olowil 3 &3l gall deadl @biziall Jua s
1.2 Polished mirror: specular. Rough paper: diffuse.
i 1@l d8yg)l el 1@ gl Bl yall
1.3 No. Each ray obeys the law relative to the local surface normal.
2dadl e ol sgasll duilly oy gilal] glad JS oy
1.4 Ripples change the local surface directions and disrupt the orderly reflection forming the image.
5 ygal) @ 5Sall domdl Alanl swisd dloall maudl clalad] ol gazll 415
150r = 08/ = 35°
1.6 0i = 90° — 25° = 6S°
Or = 65°

100°

5 =50

1.7 26/ = 100° = 0/ =

1.8 It retraces the incoming path: both angles are zero.
i ozl tauds yluall Lle sga

1.9 Draw the normal perpendicular to the wmirror; draw incident and reflected ray arms at 40° on
opposite sides of that normal.

oslazall ails e °40 dgly wlSeidly bgdudl &,C-b.‘\g 81 3all e Boagac sgasll @yl

1.10 Br = 90° — 60° = 30° O/ = 30°

0506428618 4 393kl aaxl 3Lzl



EXAM QUESTION 02 - QUICK REVISION
Plane-Mirror Images

L giwall 3144l yo0

Learning Outcomes qls:l xilgs

1. Locate a plane-mirror image with a ray diagram and
state its properties.

2. Relate object/image positions and heights
mathematically.

Quick Notes .l doMs

A plane-mirror image is virtual, upright and the same size.

It lies as far behind the mirror as the object is in front.

Backward extensions meet at the image; actual reflected
rays do not meet there.

di = —=do; hi = ho;, M = +I

Object point

@lao (Sig dnnl alasay dygiwall 51sall 5yg0 ssan

U.«OLJ) LA@.;.C-L&J_)IQ 8_)9;0“9 ‘a‘u:gJI u.moga O a8Vl J—MAJ

ucnl) dyoluag dainag deangy dsgiuall 83all 850
galal qundl 52y golucy 8T3all als lassy o>

Ao ,Q,JJ i ﬁg B ygall e dalsdl doadl oslslazal ,n,‘l) f
Ala Uled LSl

Source: supplied Physics Grade 10 Advanced textbook, p. 5. oLl ;o @)y

10 Practice Questions

2.1 Describe the type, orientation and size of a plane-mirror image.

lgan>g lgalaily & gruall Bl3all 850 ¢ o3 o

2.2 An object is 0.80 m in front of a plane mirror. Find signed image distance.
Gyl 8 ygall any .\:e-gi sgiwo 8lya PLoi m 0.80 a=y Lle @

2.3 A6.0 cm object is viewed in a plane mirror. Find image height and magnification.
xSy 8y0.a)l ¢ 1451 J..'>;9i dugiwo 8lya o €M 6.0 aclas, @ 632

2.4 A person stands 1.5 m from a mirror. Find the distance between the person and their image.

)90 1w At d8luall ol Blya o M 1.5 any Lle jasus ady

2.5 An object moves 0.20 m toward a fixed plane mirror. How far does the image move, and in what direction?

?ol:q;i'éi &gszpjjxd@@bwwoiysxmozotodoﬂw

2.6 Why can a plane-mirror image not be caught directly on a screen behind the mirror?

Sleals dala le 8yl dgruwal 815l 8 50 Jldnwl Say ¥ 13kl

0506428618

é)QjL,ﬂ s 5Lzl



2.7 Draw two rays from a point object to a plane mirror and show how to locate its image.
Bygall lagy sa> g &giun ST)A ol ub.o.: e o (pecled @yl
2.8 An image is 35 cm behind a plane mirror. Find the object position.
el goga ..\>.-gi RV ESBA @l cm 35 aey e B0 il
2.9 What is meant by lateral reversal in a plane mirror?
S &y gtuall B yall 0 soldl Luleidl sgadall b
2.10 A person approaches a fixed plane mirror at 0.60 m s™. At what rate does the person—image separation
decrease?

Tyg0 w9 di Bluall 08 Jana ‘_gb M 871 0.60 deyun duli 80 o s O yudy

EXAM QUESTION 02 - ANSWERS
Plane-Mirror Images

2.1 Virtual, upright and equal in size to the object.
Moo puenl) dygluay daumag dsamg

—do = —0.80 m

\

22 di

\

23 hi=6.0cm M=+

2.4 Separation = 2do = 2 x 1.§ = 3.0 m
2.5 The image moves 0.20 m toward the mirror from behind it.
Lgals Q.ASBAJIQ::J M 0.20 3,921 )y

2.6 No real reflected rays converge there; only their backward extensions meet.
add dalsdl (gilslazal (BWS e ¢l dub bl dusaiall daal gans Y

2.7 Reflect both rays using equal angles, then extend the reflected rays backward with dashed
lines. Their intersection is the virtual image.

aag)l 550l g lagablas . paelita spdase 31yl s w2l so @ el 31 §9L‘-“-’ 890 celoadl yuSel
28 di = =35 em = do = +3S cm, in front of the mirror.

2.9 The apparent left—right reversal when comparing an object with its facing image; physically,
the direction perpendicular to the mirror is reversed.

51 5all sle 6J9A9J| ool Sy 380 tdgarlgall diygay puadl &jlie wie Uyalls yludly uadl Jols o0

2.10 Rate = 2 x 0.60 = 1.20 m s’

0506428618 6 393kl aaxl 3Lzl



EXAM QUESTION 03 - QUICK REVISION
Concave-Mirror Ray Diagrams

8 y2aall 31yl doal esllalasea

Learning Outcomes qls:l xilgs

1. Draw the image for do > 2f and determine its Wilao ayasie Ao > 2f lasie 8yg.all gy
properties.
2. Draw the image for f < do < 2f and determine its lao usde < do < 2f lasie 8500l @
properties.

Quick Notes .l doMs

Parallel ray — reflected through F; ray through F — LGilga Sy oy ylallg F ye Sy g3l gall ¢ ol
reflected parallel. Their intersection locates a real image. iiasdl 8ygall A_\_x’ Logsls 43
Beyond C = 2f: image between F and C, inverted and Co F oo 830009 @glaa Co F (0 8550 :C = 2f als
reduced. Between F and C: image beyond C, inverted 8ySag dsglia C als 5yg0

and enlarged.

C is at 2f; real images form where reflected rays meet.

Concave Mirror (x, > 2f) Concave Mirror (2f > x,, > f)
Vertical axis ~
54 ——— Xy
o
9 Ray 1 Ray 1
Ray 2
Image F M Image F M
Object fos C Object
| Ray 2
I —
I
Vertical axis — | | =

The image is reduced for an object located a distance The image is enlarged for an object between fand 2f.
greater than 2f from the mirror.

Source: supplied Physics Grade 10 Advanced textbook, p. 12. oSl o @w)
10 Practice Questions
3.1 Where does a ray parallel to the principal axis go after reflection from a concave mirror?
$8 3280 810 e dunlSail asy Lyl yomall lga ¢ lod yeuns il
3.2 How does a ray passing through F reflect?
SF 8,80 yay ¢ lody Sy b8
3.3 Sketch the image for an object beyond C. State location, type, orientation and relative size.
(srad] g g Lgalaily lgeoig o ga 30> 9 (€ als pur B350 un )]
3.4 Sketch the image when the object lies between F and C. State its properties.
Lglho Silg Co F o pundl pdy lanie 550l @yl

3.5 A concave mirror has f = 10 cm and the object is 30 cm away. Use a ray diagram to predict the image region
and size.

lgansg 800l dilaia g8 daal blasia ausiial .€M 30 sey pucrg = 10 €M 6 y2i0 3140l

3.6 For the same f = 10 cm mirror, place the object at 15 cm. Predict image location relative to C and orientation.
Lealilg C | &l 3y0a)l o g0 2847 .CM 15.\/&@' o £=10 cm w3 guwas 3 5al)

0506428618 7 393kl aaxl 3Lzl



3.7 An object moves inward from far beyond C toward C without crossing C. How do image position and size
change?

Flgansg 890l 2290 sty S oygee 90 C 9o 1aumy C als o s Ayt
3.8 An object between F and C moves closer to F without reaching it. What happens to its real image?
Sagdiginl gl Gy 13la et sly 593 F 30 Co F oy iy ey iy
3.9 Can the images in both prescribed concave-mirror cases be projected on a screen? Why?

Fl3lalg saala le 8yndall 81yall penslhaall (ol Jisge Jldiul oSay o

3.10 A diagram shows an upright enlarged image for an object beyond C. Identify the error.
.le».C;ﬁ}MSﬂSAQJWS)wh&A)@&}

EXAM QUESTION 03 - ANSWERS
Concave-Mirror Ray Diagrams

3.1 Through the focal point F, in the paraxial approximation.
295all o doydll dendl Coydi 8 F 83840 sa
3.2 Parallel to the principal axis.
o) yeall B3lge
3.3 The two principal reflected rays meet between F and C: real, inverted and reduced.
Bydang &gldag ddd> §y5.a)l {Co F oo ylucdyl oleloadl dn_,.l_s
3.4 The reflected rays meet beyond C: real, inverted and enlarged.
B83:Sag dgldag dddb> 8ygall «C als deal Q.JJ i

3.5 C is 20 cm from the mirror; the object is beyond C. The image lies between 10 and 20 cm and
is reduced.

Bytan 6589 €M 209 10 (o 8550l RICTIEEWES | e gg 20 e C oy
3.6 The object is between F and C; its image is beyond C and inverted.
ygldag C s diygw ‘Co F oy ol
3.7 The image moves from near F toward C and grows toward the object’s size.
el @ o Lyl i 1SSg € oo Foiyd (e 8yguall oyt
3.8 It moves farther from the mirror and becomes larger.
Lo slayig 8lyall e wod
3.9 Yes. Both are real images formed by converging reflected rays.
3.10 Beyond C the image must be inverted and reduced between F and C; the ray construction is
incorrect.

.W}{,&_M;ﬁ\;@|M£C9FMBMQ§MO&Q?%C&$M®9@

0506428618 8 393kl aaxl 3Lzl



EXAM QUESTION 04 - QUICK REVISION
Spherical-Mirror Calculations

Learning Outcomes qls:l xilgs

1. Use the mirror equation to find do, di or f with olyLadl fol digl do slowy 8Tyall Walea plascial
appropriate signs. Jdoeoeall

Quick Notes 7l doMs

For a real object, do > 0. Concave f > 0; convex f < 0. f<0 daallg f>0 3ymiall .dO >0 dds ROES )
Real images have di > 0; virtual images di < 0. di <0 daagllgdi >0 e 15,0l
! ! ! fd di
- = . + — di = —0; M = —_I
f do adi do — f do

10 Practice Questions

4.1 State the signs of focal length for concave and convex mirrors.
daxall g 3 ydall u,uBAU S84l andl 8yLa] 4S31

4.2 For a concave mirror f =12 cm and do = 36 cm. Find di.
di x>ol .do =36 cmg £= 12 cm 5 240 51 ya)

4.3 For a concave mirror f = 15 cm and do = 20 cm. Find di and M.
Mg di asol.do =20 cmgf=15cm 5 e 51l

4.4 A concave mirror has f = 10 cm and do = 6 cm. Find di and identify image type.
)92l ¢ g3 sa>g di axgl .do =6 cmg =10 cm 5260 515l

4.5 A convex mirror has f = =20 cm and do = 60 cm. Find di.
.di 154l .do =60 cmg f = —20 CM dsaows 5150

4.6 An object 30 cm from a mirror forms a real image 60 cm from it. Find f and mirror type.
8lyall ¢ 639 famgl .M 60 ne duid> 5390 sy 810 e €M 30 a2 @wsr

4.7 A concave mirror has f = 8 cm and a real image at 24 cm. Find do.
do s>l .cm 24 wic diis §y500 f =8 CM 8060 51 ya)

4.8 A mirror gives di = =12 cm for do = 24 cm. Find f.
fussl.do=24cm s qusddi=—12 cm sly0 lass

4.9 A concave mirror has radius of curvature 40 cm and do = 60 cm. Find f and di.
dig f 154l .do = 60 cmg cm 40 5 y2ia 5150 4555 yhad hus

4.10 What happens to the image distance when a point object is at the focal point of an ideal concave mirror?
¢ dJlin 8 y2iin 8150 834y vie il e o5 loaie 89l and wasy 3o

EXAM QUESTION 04 - ANSWERS

0506428618 9 393kl aaxl 3Lzl



Spherical-Mirror Calculations

4.1 Concave: positive. Convex: negative, because its focus is virtual and behind the mirror.
BTyall 1S deang g5y oY Il doamally car go 5 yuiiall

12 x 36

4.2 d/ = W = +,g cm
. 1§x20 _
60
=T "7
10 x 6 .
44di = <=0 - =S em; virtual.
Al loasy O;ﬂ dwng 8 ygall

asdi= 220280 _ s o

' 60 — (-20)

46 f = do di - 30x60 +20 c¢m; concave.

do + di 30 + 60
90 6384l laasy oY 8 ymio 815l

_ fdi _ 8x24 _
4.7d0—di_f—2q_g—12cm

4.10 The reflected rays are parallel and the image is at infinity; no finite image distance satisfies
the equation.

Asleall 3dy 39aa 8390 s an g Y Al s Bygall STy djlgte daall uSes

0506428618 10 393kl aaxl 3Lzl



EXAM QUESTION 05 - QUICK REVISION
Image Experiments & Magnification

3Slg youadl oyl

Learning Outcomes qls:l xilgs
1. Investigate plane-mirror images experimentally. Lo &giwall 8154l yg0 clodiwl
2. Investigate spherical-mirror image formation and A9y Lilsall 8 Wilho g yaall 0S5 cladiiawl
properties.
3. Infer image type, orientation and size from signed Sl B yL] o gazg lgalasilg By9all ¢ o zliciwl
magnification. 0yladag

Quick Notes .l doMs

M > 0 means upright; M < 0 means inverted. |M| > 1 o0 XS? slada diglde soy CIlug dasee s crge M

enlarges, [M| < 1 reduces. For real objects and these s ST T <5

mirro?s, url)riglght images are virtual. ! ?L‘le e 3 LA 1 e sols s = 1
wang dazeall yoall oS5 Ll sall 0igs dddsl

hi di
M= G =

10 Practice Questions
5.1 How can an upright pin and a movable second pin be used to locate a plane-mirror image?
Sdygtwn 8lyo 850 suased) Bysio 56 Ligasg WB Ligss pASiul LS
5.2 What measurements test the plane-mirror distance rule?
S &y gtuall 3l yall d8luall Bacld yuss Al wlwldll b
5.3 How do you find a real image from a concave mirror using a screen?
Saala pluscinly 8 y2ds 8l ya) ddd> 8y5.0 suod &S

5.4 No sharp image of a nearby object is found on a screen with a concave mirror. What virtual-image possibility
should be checked?

Saasd ooy Ml gl 3yaall Jlais! o 8 y0da 8130 20 dals e uyd auwsd 8ul> 590 sglaid
5.5 Interpret M = -2 for a real object in front of a mirror.
OT)A?LA'&‘Q}MM: —2 yub
5.6 Interpret M = +0.40 for a real object.
5.7 A 3.0 cm object has hi = -6.0 cm. Find M and state orientation.
2l M us gl .om 6.0— Lgelsiyl 550 €M 3.0 aclaiyl aws
5.8 For do = 30 cm and di = 15 cm, find M and classify size and type.
£l @l iog M asgl (di =15 cmg do = 30 cm Loie

5.9 A virtual image is three times taller than a 2.0 cm object. Find signed hi and M.
lagylal Mg hi asof .cm 2.0 aclaiy] uer Jlial &0 gelasyl dang 5350

0506428618 11 393kl aaxl 3Lzl



5.10 Why is comparing only |M| insufficient to determine image orientation?
$8 352l olodil auascd oasg M ylads &ylde 6S5 Y 1514

EXAM QUESTION 05 - ANSWERS

Image Experiments & Magnification

5.1 Align the second pin with the apparent image behind the mirror and adjust until no relative
motion is seen when the eye moves sideways.

Ll el ey sie yhazall 33kzs | Jo3 i dasdlg Shall cals gsalll] Bysall go50 ga Sl pugyall Sl

5.2 Measure perpendicular distances of the object and apparent image from the mirror and compare
their magnitudes.

Lagyylade (58 @l 31 3all o< Wil 8 gally puad) rosgasll cpaedl w8
5.3 Move the screen in front of the mirror until a sharp image forms, then measure image distance
and height.
leelaiylg loasy ud @f Bal> 8 90 ooSd i 81yall plal daladl 43>
5.4 The object may be inside the focal length; its image is then virtual and cannot be projected
directly.

Aala e yale Jdiud dg dueag diygo (59528 g8l andl I3 gl (555 48
5.5 Real and inverted; image height magnitude is twice the object height.
el ¢ lail aes lgeladyl yladag (dygldag dud b 80l
5.6 Virtual, upright and reduced to 40% of the object height.
RWES] ¢ laiyl o %40 ] 8yhang duunag duang

-6.0 .
57 M = 30 - =2 inverted.
duglda 8yg.all
1S .
58 M = 30 - —0.50; real, inverted, reduced.

yong dgliag L

\

59 hi = +6.0 cm; M = +3

5.10 Magnitude gives size ratio; the sign is needed to distinguish upright from inverted.

Ayglaally dazmall (g Jaasdl) 5Ll p 3059 sl ded Shasy yladiall

0506428618 12 393kl aaxl 3Lzl



EXAM QUESTION 06 - QUICK REVISION
Refractive Index

SLuSoYl Jalsa

Learning Outcomes qls:l xilgs

1. Calculate refractive index using n =

<|o

Quick Notes .l doMs

n compares light speed in vacuum with its speed in a
medium. It has no unit. Higher n means lower speed.

¢ ¢ ;
n=7;v=7;c=3.OOXI08ms’

10 Practice Questions

6.1 Define refractive index and give its unit.

6.2 Light travels at 2.00 x 108 m s™ in a material. Find n.

6.3 A medium has n = 1.25. Find the speed of light in it.

6.4 For diamond, n = 2.42. Find v.

6.5 Light speed is 0.75c in a medium. Find n.

C
— =1 plaszal HluSSYl Jolos ol
Vv

My 523 cbauasll (8 e puuy 1l B 29l de g T 3l
JQi ey u&.&ySi JALQA Basg

a9 yS3lg LSSl Jalos B)e

Mzl Bsle 5 S 108 X 2.00 de yuuy e 0.l ypuey

4d cgall deyw angl = 1.25 bawg Jolso
vV .&p'-gi n=242 olal)

n J..>;9i .0.75¢ Ly Q_B el de yu

6.6 Compare light speeds in media A and B with nA =1.20 and nB = 1.80. Find %
VB I VA ds a9l NB = 1.809 NA = 1.20 lag) subrsy 8 eodll ey o8

6.7 Which has higher refractive index: a medium with v =2.4 x 108 m s™ or one with v = 1.8 x 108 m s™1?
s 87108 x 1.8 wicyus i M ST 108 X 2.4 wic yuu 5luSSl Jaloa 38T pdaug)l

6.8 Find the time for light to cross 0.60 m of glass with n = 1.50.
1.50 03LusS5l Jolsos zlsy 53 M 0.60 @lus cgi)l yoie o) a9

6.9 A student uses % and gets n = 0.67 for ordinary glass. Correct the calculation if v =2.0 x 108 m s™.

v
V=2.0x10m s3] Glusdl mowo gale zls 3 N =0.67 a8 — b puseal
$ c
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6.10 Two transparent samples have the same refractive index at one wavelength. Compare their light speeds at

that wavelength.

dae cgall ey (B e >a0 Job sie qwdl )Ll Jales (pblad sl

EXAM QUESTION 06 - ANSWERS

Refractive Index

6.1 The ratio of vacuum light speed to light speed in the medium; it is dimensionless.

Basgll muse 90 gl b aeyun | §1all 3 ool ey i

6.2 n = % =150

63V = % =240 x 108 m s
6.4V = % =129 x 108 m s’
651 = Gz = 1.33

vA nB 1.30 _
66 B~ A = 120 0

: ¢
6.7 The slower medium, because n = 7

6.8 Vv =200 %108 m s

060 )
t'm'g.oxiogs

¢ 3.0 x 108 _
69V)———W—I.50

6.10 They are equal, since both equal %

0506428618 14
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EXAM QUESTION 07 - QUICK REVISION
Critical Angle & Total Internal Reflection

LS IS alSaidlg da sl dgl3l

Learning Outcomes qls:l xilgs
1. Describe total internal reflection and its conditions. dbgyag LISl IS wlSeidl o g

2. Solve problems on refraction, critical angle and total S S elSeidllg do yodl dygllg s LYl Bl I
internal reflection.

Quick Notes .l doMs

TIR requires travel from higher to lower n and incidence )i,oi Rl )A‘Si Joloo po Jlasdl IS oKl Cllagy
greater than Oc. At B¢ the refracted ray is along the N doyodl aic 4})2”&}5' (VTR
boundary. seuSiall yany & RE . ]

Jolall ol 5l3loay

. N2 . .
sinBc = . . > V?z); n1sinB1 = n,sind,
1

10 Practice Questions

7.1 State both conditions for total internal reflection.
sl IS elSeidl o g iS5
7.2 What is the refracted angle at the critical angle?
Sdo 3ol bgdaudl dugly aue yLuSHiN &gl b
7.3 Find Oc¢ for glass n = 1.50 to air n = 1.00.
N =1.00:lga JIN =150z 0 OCaxgl
7.4 Find Oc¢ for water n = 1.33 to air.
log JIN=1.33cls 40 OC sl
7.5 Aray in glass n = 1.50 strikes the glass—air boundary at 50°. Does TIR occur?
T LIS wlSidl esasy o 250 dgly cloglly zlaeuyn = 1.50 zli U3l g lads sadnay
7.6 Can a ray entering glass from air undergo total internal reflection at that entry boundary?
Slosdl s e LISy BIS uSeiy Oi clogl (o Zz 3 3 g ledd (Say o
7.7 Find 6c¢ for n; = 1.60 and n, = 1.20.
D2 =1.20gn1 = 1.60 loaie Oc ..\.qgi
7.8 A material has critical angle 30° at its boundary with air. Find its refractive index.
Loy LSSl Jalos s gl elogll go laas aie ©30 dx s> dygls ol
7.9 Aray passes from glass n = 1.50 to air at incidence 30°. Find its refracted angle.

LSOl dygly am ol 230 Lo dyglis clag)l N = 1.50 zlaj oo ¢ lods say

7.10 Explain how a high-index optical-fibre core and lower-index cladding can guide light.
Malee J81 3Meg Moloa ST 8 g3 by J51s cglll aungi yid
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EXAM QUESTION 07 - ANSWERS
Critical Angle & Total Internal Reflection

7.1 Light must approach a lower-index medium from a higher-index medium, with incidence angle
greater than the critical angle.

oyl o3l o 5T sl dysl 55 plg ol Ll Malee 38T by o ol Jazy o
7.2 90° to the normal: the refracted ray runs along the interface.
Sl bl 813omay suSiall ¢ lod] ysuny gl 13309l 20 90°
1.00

=cn(—) = o
7.30c = sin (I.SO 4.8
1.00
= (— ) = o
7.4 0c¢ = sin ("33 48.8

7.5 Yes: 50° exceeds Oc = 41.8° and light is incident from the higher-index side.
3531 Joledl dg> (o bgdudly P41 .8 dxysdl o 55T 950 (osi
7.6 No. It is travelling from lower to higher refractive index.

STl saol Joloa e Jauy <3 o

1.20
= <y — 0
7.7 0c¢ = sin (1.60 43.6
1.00
7.8 n = W = 2.00

7.9 sinB, = 1.50 sin30° = 0.75
92 = 48.6°

7.10 Rays meeting the core—cladding boundary above its critical angle undergo repeated total
internal reflection.

83350 4418 olulSeid dxyadl oo ST dgglss BMallg lall as Lo dn8lull deadl oy
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EXAM QUESTION 08 - QUICK REVISION
Dispersion in a Prism

Learning Outcomes qls:l xilgs
1. Define dispersion and explain white-light dispersion oodin e ool codll codd youdiy el oy el
through a prism.
Quick Notes .l doMs
Dispersion separates wavelengths because refractive HLsSYl Jalea slazed d gall Jlgb¥l ccacd! bady

index depends on wavelength. In ordinary visible-range <j pidl By Saall cgall cslall zls 3l 5 L
glass, violet deviates more than red. T ot 2 oell e ¥ =y Qsm
a2 0

In ordinary glass: nviolet > nred = violet is refracted more.

10 Practice Questions
8.1 Define dispersion of light.
8.2 Why can a prism separate white light into colours?
Solell Jl paedl cgill Lad ygasall glaiu 13k
8.3 Which normally deviates more through a glass prism: red or violet?
S ot Pi el o) yedie ye Bule 3351 (8 4oy lagy]
8.4 Does a prism create new colours that were absent from incident white light?
sl (ol cg il 8 Bugaga sué Bagas Glgll yoaaall 3lsg o
8.5 What appears when monochromatic red light passes through an ideal prism?
§ ) yadia M5 el gslol yand cos yo3e sie sebay Il
8.6 What happens to a colour’s frequency on entering glass from air?
Telogl ozl 3l doss e ol sayd Sasyy 13la
8.7 In one glass nv = 1.54 and nr = 1.50. Which colour travels faster?
8.8 Would a hypothetical prism with wavelength-independent n disperse white light?
§ ol egall 9_}9@” Jokl e sauey ¥ dlales gbl}:éljym cedg o
8.9 Why is a prism’s spectrum continuous when the incident white light has a continuous range of wavelengths?
qJ‘gbﬁﬂl o8 yakawa gla e bl ua.uw caall gouny lasie 1yatus ygauall cads oS 15

8.10 Compare a prism and a plane mirror as ways to separate the colours in white light.

el gl loll Lad 8 dysiuall 1sallg yoduall o8

EXAM QUESTION 08 - ANSWERS
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Dispersion in a Prism

8.1 Separation of light into its component wavelengths because they refract by different amounts.
oy LS gyslin BUES s 855501 e gall dlghol | cgll Jlasil
8.2 Its refractive index varies with wavelength, so the colours follow different refracted paths.
bl 8yuSin Olylus ol gad (> sall Jobll go o)Ll Jalas sy
8.3 Violet, because ordinary glass has a larger refractive index for violet light.
3814 oslall zla 3l Jaloa o3 ¢ ol
8.4 No. It separates wavelength components already present.
Mol 5392 gall & gall Jlgb¥l wiligSa Lady o
8.5 A deviated red beam, not a full visible spectrum.
JA[SL;J_)A;Q_/.bﬂAB_)_x‘A clyas> doj>

8.6 Frequency stays constant; speed and wavelength change.
sxoall Jehllg deyudl yoig LU syl g

S : ¢
8.7 Red, since its smaller n gives a larger speed R

C : : : :
T 899 38| de yeu gbs_'g_)é_.oﬁldlals.a oY asdl

8.8 No. All visible wavelengths would be refracted by the same angles.
Mgt Llg3ly ddpall Jloboll pan S5 0
8.9 Each wavelength is deviated by a smoothly varying amount, creating a continuous band.
Byatuns Aol dajo (yoSid Loyl sy yladiay Jobo IS Byoiy

8.10 A prism separates them by wavelength-dependent refraction; an ordinary plane mirror reflects
them at the same angle and does not form that spectrum.

il 13 s lgads dygl 3l duolell &y gaall 8T yall guses lary (o)l o Loy Ll M5l gl yguizall Lady
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EXAM QUESTION 09 - QUICK REVISION
Mirages & Rainbows

shaall By ol

Learning Outcomes qls:l xilgs
1. Explain natural optical phenomena using reflection, soSeidlg ylusidlg LulSaidl dunuds dpay yalgh yowds
refraction, total internal reflection or dispersion. e 9i LS
Quick Notes 7l doMs

A hot-road mirage comes from refraction through air cloa wlads 8 yLusOAl o yladl Gyydall Ol yu Loy
layers of changing density; light bends toward the )

Aoyl 950 clawdl cgbo iy «d8LS)] dglate
observer from the sky. B

A primary rainbow involves refraction and dispersion on Josall wie Gnadg 13l wludl ylaall (ugd cadzy
entry, one internal reflection and refraction on exit. Zoxl e 3L N lislg Ll ls LalSaslg

Rainbow internal reflection need not be total internal reflection.

10 Practice Questions
9.1 Why may a dry hot road appear wet from a distance?
ey 50 Mo s 1ol Bl o slall guy 48 13k
9.2 How does the air temperature gradient above a hot road affect refractive index?
LSl Jolas 5 ol Sasb 398 elodll 83> 2033 50 &S
9.3 Why does the apparent puddle in a road mirage seem to move away as you approach?
Sy Lonze aexd S Ol yudl 4y gui 13la)
9.4 List the main optical events for a primary rainbow inside a water drop.
ela 8yad 131y _wlwdl yhaall yuga) ducd Yl & padl sl iy
9.5 Why are rainbow colours separated?
§ shaall Lugd oyloll Jodsi 3Ll
9.6 Where is the Sun relative to an observer looking at a primary rainbow?
§ seolanl yaa g8 ] iy aoly) deadly quadd] oS5 ol
9.7 Which colour is on the outer edge of the primary rainbow?
§ senla¥l yhaall g8l dmy 5l @81 e gy o) o
9.8 Why is a secondary rainbow fainter and colour-reversed?
ol JuoSang casl oildl slnall Lugd sy 13La)
9.9 A student says every rainbow ray undergoes total internal reflection. Is this necessary?
5p3% lin Jo sl LIS uSaty shall jusd 3 gla JS of Il Johy

9.10 Compare the main reason for a hot-road mirage with the reason for rainbow colour separation.
shall jugd olgll Lad o sl Gashall Ol yas s 58
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EXAM QUESTION 09 - ANSWERS
Mirages & Rainbows

9.1 Refracted sky light reaches the eye from near the road, producing a virtual sky image
resembling water.

elall @i cloud) denng 5yg0 e cpall Wl Gkl 038 po suSaall slosdl 2o o
9.2 The hotter, less dense air near the road generally has a lower index than the cooler air above.
el 5331 elggl oo Bale Maloa J81 gkl iy @5LS 8419 5yl wasdll elggll ooy
9.3 It is a viewing-geometry-dependent virtual image, not water fixed at a physical location.
(olo 2290 B Ll 2lo cadg gyl dwnin Lo saisi dia0g 890 g
9.4 Entry refraction and dispersion — one internal reflection — exit refraction.

Zoxddl wie JlusSl @b s lg I3 ls ulSeil @l (o3l e cenidy 3 lusS]

9.5 Water’s refractive index varies with wavelength, so different colours leave at different angles.
dalisen Llgh ol zysuis o 2 gall Jobll go clall Jaloa by

9.6 Behind the observer, with illuminated rain droplets ahead.
aalal 3claall ol eslyhd g oyl wls

9.7 Red; violet is toward the inner edge.

9.8 Its rays undergo two internal reflections, changing the exit geometry and losing more light at
interfaces.

soasdl wie 43S g adalg 7oyl dwia alised (pedsly enlSeid ainal oo
9.9 No. Ordinary partial internal reflection inside droplets is sufficient for rainbow formation.
shaall ugs oSl ol yball Sl sbimall S35adl IS I] pulSaidl i) o

9.10 Mirage: refractive-index variation with air conditions and height. Rainbow colours: refractive-
index variation with wavelength.

o=roall Johall 2a Jolaall i s ol loll ¢ iydlg slogll Bosbs o Jalaall s il sl
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EXAM QUESTION 10 - QUICK REVISION
Concave-Lens Ray Diagrams

8 y2iall dwasll daal olabasa

Learning Outcomes qls:l xilgs

1. Draw the image of a real object through a concave Lglae ausg 8 ymia dwany Ed> o B0 )
lens and determine its properties.

Quick Notes .l doMs

A concave lens diverges rays. A parallel ray emerges as if oo ylo als &iloall Z a3 daadll 8 yeball dwasll )4
from the near focus; a central ray goes straight in the Zisal b ‘f n ¢3S yall ¢ ol yayg (il 554l
thin-lens model. =7 B ; 4.w)J| . .u.zll
For a real object, the image is always virtual, upright and bytong daunsg duaag Wil 35l 06ST Lab> N
reduced, between the lens and near focus. dydll 8)§Jl; dnasd] oy

f<0;,di<0;, 0 <M < for a real object

Concave Lens

Ray 1‘

-
-

Ray 2 F.f== =
Object Virtual F
image

f— X, —

Figure 31 An object placed any distance from a concave lens will
always produce an image that is virtual and reduced.

Source: supplied Physics Grade 10 Advanced textbook, p. 28. oSl ;o @)
10 Practice Questions
10.1 What happens to a parallel incident ray after a concave lens?
78 yda dwie a2y jlga badlus ¢ ledd wusy 13l
10.2 What happens to a ray through the optical centre of an ideal thin lens?
10.3 Draw the image of a real object using a parallel ray and a central ray.
6)5).4 BES ;‘QA ¢ o plasciwly R 8y90 @yl
10.4 On which side of the lens is the virtual image relative to the object?
Spuanl) dailly duoagll 8 0.0l 95 dusall o il o e
10.5 Where is the image relative to the near focal point and the lens?
auaalls gyl 8330 dpully 8y00)] 25 ool
10.6 Can moving a real object farther away make a single concave lens produce a real image?

83800 8 y2ls duisy Ldd> 8y5.0 (35S0 | id> awe sl ¢35y o
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10.7 As a real object moves very far from a concave lens, where does its image approach?
Sdiygo u).,.c.su.sl ] 8= MAL&')J.‘S&_;Q.&}MMLAM
10.8 As the object approaches the lens, what happens to the image’s position and relative size?
§ el gaz>g 8 35.0)l o gal sy 13l dwasll o puadl iy loae
10.9 A sketch shows actual rays meeting behind a concave lens for a real object. What must be corrected?

oM pgadll bo > @) 8320 duwas Als sl dled daal ey yola

10.10 Why must virtual ray extensions be dashed in a ray diagram?
Sdnladia duaagll deadl wilslaial RCARIPY

EXAM QUESTION 10 - ANSWERS

Concave-Lens Ray Diagrams

10.1 It diverges so its backward extension passes through the near focal point.
A3l 8840 alsdl oolazal yay oo 338
10.2 It continues approximately straight without deviation.

Byl 90 lagditin Lo y85 sactucy

10.3 Extend the emerging divergent ray backward, its intersection with the central ray’s line is the
virtual upright reduced image.

Syhon dains dang 8390 samy 635 sall ¢ lasdl b ga asbla calsd) § izl 7ol ¢ lasdl e
10.4 The same side as the object.
el e gy o i bl e
10.5 Between the lens and the near focal point.
Ayl 3y8dlg dwasll e
10.6 No. A concave lens still gives a virtual image for a real object.
(> ) &iamg 830l A5
10.7 Toward the near focal point, from the region between the focus and lens.
sl yag Lo ds8lg)] dalazall cya e yall 8551 gous

10.8 It approaches the lens and becomes less reduced, while remaining virtual and upright.
Aainag Luang @l go ool Jdsg dwssll (o oyl
10.9 The emerging rays should diverge; only backward extensions meet on the object side.
el Sl e &alsdl (glslazal 9] a5 Yy oy 3] deadl] 3585 o cony
10.10 To distinguish construction lines from paths where light actually travels.

Llss cg.0)l g ey 0l Olsluall e claddl bglas jeead
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EXAM QUESTION 11 - QUICK REVISION
Lens Aberrations

Ol Uge

Learning Outcomes qls:l xilgs

1. Explain spherical and chromatic aberration and their gl §3bg Solllg g9yl il sewas
corrections.

Quick Notes .l doMs

Spherical aberration: marginal and near-axis rays focus oxall e dgyilly 8yl deadll yiy calusd 1 g )ySIl il

differently. Chromatic aberration: different wavelengths alusall des gall J'sbﬂ?“ 8 calisg gl
focus differently. o ' i
Reduce spherical aberration with a smaller aperture or ol Jasg ¢ c935Y psans ol yhol doidy gosSI 2l sy

aspheric design; reduce chromatic aberration with an

: ASgld dS 0 duasy
achromatic compound lens.

Spherical - ray position; chromatic — wavelength.

10 Practice Questions

11.1 Define spherical aberration in a lens.
dwasl| u_a Egg)ill il Bie
11.2 Define chromatic aberration.
ol 3l Bie
11.3 Which aberration can occur even with monochromatic light?
Sosll é_sb-i 290 QA (U ey A8 il 6'
11.4 A lens image has coloured edges. Which defect is the likely cause?
Sz sall el o digla Blgs dwae 8y9.0]
11.5 How does a smaller aperture reduce spherical aberration?
950l 23l yooll dsall a5 &S
11.6 What is one cost of reducing aperture to improve image sharpness?
§839a)l Bax pewned) dowzall 18T x5l gas| Lo
11.7 How does an aspheric lens help correct spherical aberration?
i;gﬁJl 3 oal e dyg SWI dusaell selus &S
11.8 What is the purpose of an achromatic lens pair made of different glasses?
Somlidn ) o gonan Sl wluae zo3 38 b
11.9 Would selecting one wavelength remove chromatic blur? Would it necessarily remove spherical aberration?
oS i)l 8y95all Ju3a Jag Sdsall dnluall iy a1y 250 Job slas ! Ja

11.10 A student proposes a smaller aperture as a complete cure for chromatic aberration. Evaluate.
858l @iB . ol a3l MolS B Me yaof dois LI 7y
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EXAM QUESTION 11 - ANSWERS
Lens Aberrations

11.1 Rays passing through different distances from the axis do not focus at the same point.
Lgwds ddagidl k,9 A 5 Y ygall oo dalisea wlbliuwe sic yad Q_Jl RN

11.2 Different wavelengths are refracted differently and form different focal positions, producing
coloured blur.

11.3 Spherical aberration, because it does not require multiple wavelengths.
Asa Jlobl sae cdlazy ¥ Y ¢ 0331 3l
11.4 Chromatic aberration.
Ul 3l
11.5 It blocks more marginal rays, leaving mainly near-axis rays.
o5l o deyyally Wil xaudy 4.8 ,0l d2a3l o ST 1235 caomsdd
11.6 Less light enters, so the image becomes dimmer.
Sysall cases 18l cas 3
11.7 Its surface shape is designed to bring marginal and central rays closer to a common focus.
Syt B34y oo 43S sallg Ayl deadll y8y it gdan S pansy
11.8 Their dispersions partly compensate, bringing selected colours to nearly the same focus.
Laewdi 881 038 ByLisn ol o)l pasizd (Liie 333 Laalas] coiad (bgey
11.9 It removes multi-colour focal separation, but spherical aberration may remain.
Sl 48 g0y 23ll (STl s 5841 OV s

11.10 It does not remove the wavelength dependence of refractive index; achromatic optical design
is needed for proper correction.

crmsliall xomatl] ol gy panad 3l ¢ sall Joball e LusSidl Jalaa slazel Jy50 3
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EXAM QUESTION 12 - QUICK REVISION

Myopia & Hyperopia
sdl Jabg sadl a8

Learning Outcomes qls:l xilgs

1. Define myopia and hyperopia. sl Jobg Jadl pad by yei
2. Describe image formation in each defect and correct 9i 3y2ia Slwisy lagoeoealiy sl 8 jaall (oS oy
with concave or convex lenses. R-ERC)

Quick Notes .l doMs

Myopia: distant objects focus in front of the retina; a Sl plol Bagedl plu Yl dnal 3855 k408
concave lens diverges rays. Hyperopia: near-object rays da] 5yl Jabo 45340 8 y280 duic is

would focus behind the retina; a convex lens adds . . L )
convergence. 402500 L goouaiy (ASiad] als dgyall aluc I

Myopia — concave (f < 0); hyperopia — convex (f > 0)

10 Practice Questions

12.1 Define nearsightedness (myopia).
VY| BEVEY-RE-X VS
12.2 Define farsightedness (hyperopia).
Skl Job B3e
12.3 Where is a distant-object focus in an uncorrected myopic eye?
Tdoouan b Jadl 83008 e B sy pur 838 955 oyl
12.4 Where would near-object rays focus in an uncorrected hyperopic eye?
Sdonoman yoi Yl dygb ue 3 cuydll @und! deal gas ol
12.5 Which lens corrects myopia, and what does it do to incoming rays?
83,190l deadlly Joai 13lag Bl yoB xoead duae
12.6 Which lens corrects hyperopia, and why?
$13llg pladl Job xoead duwae
12.7 An eye is too long for its optical power. Which defect is expected?
Te8giall ol Lo gyl 15508 el oo 25T dlygbo opue
12.8 An eye is too short for its optical power. Which correction is generally appropriate?
8ale cenliall prpmnadll Lo & padl Lgi5a8 censliy lao 3Bl pee
12.9 A student says myopia is corrected by moving the distant-object focus farther forward. Correct this.
o 3351 pleY1 sl gl 838y Sy ey saill 508 o] b Joiiy
12.10 Sketch, in words, the ray sequence through a myopia-correcting lens and eye.
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EXAM QUESTION 12 - ANSWERS

Myopia & Hyperopia

12.1 Distant objects appear blurred while near objects are clearer because distant rays focus in
front of the retina.

&Sl plol past syl deal oY b ol dasilly dulud sauedl alusdl gus

12.2 Near vision is difficult because the eye’s available focusing power is insufficient to form a
sharp near-object image on the retina.

ASad! e d Bl Byg0 98 Q.ns.)ﬂ el Jle doliall unll 55438 Jﬁ caydll &8y cal
12.3 In front of the retina.
Sl plol
12.4 Behind the retina if the rays continued.

Al o yanl o) 450l wls

12.5 A concave diverging lens spreads them before the eye, shifting the final focus back onto the
retina.

ASadl 925 A ] dledl 853 Jand (all U8 daall pusgs 8840 B ystia dusss
12.6 A convex converging lens supplies extra convergence so the eye focuses on the retina.
Al e 83000l 5555 S hsand aeS dsnkons s s
12.7 Myopia; the retinal surface lies behind the distant-object focus.
Al awsdl 838y als Al 9as 3] Gl a8
12.8 A convex lens to correct hyperopia.
12.9 The focus is already too far forward; correction moves it backward onto the retina.
Al e g alsd) liny spouadl ol a 301 e 43T dsalal 3541

12.10 Parallel distant rays first diverge slightly through the concave lens, then the eye converges
them onto the retina.

Al e ol lgnans @ ol 8y0mall yee MBS dyjlsaall sl dnnl 365
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EXAM QUESTION 13 - QUICK REVISION
Double-Slit Interference

SEA PSR

Learning Outcomes qls:l xilgs
1. Recall constructive/destructive interference and define egall 13143 lsal gy yeig plighg cLdl J31adl ¢ o yanl
light interference fringes.

2. Explain bright and dark fringes for monochromatic Q3 8 ool LSJL‘>i coa) dalkally Lpaall Claall youss
double-slit light. Al

Quick Notes .l doMs

Coherent waves have a stable phase relationship. Bright oo e saall cagl iy .cul yob §38 daylyzall @l gall

frlnge§ arise from |r.1-phase arrival; dark fringes from &%)9}94. Jsaosﬂ o Ballg 25 5okl Jsaos”
opposite-phase arrival.

.C).;.U.ASLV_ZA
A fringe is a band of high or low intensity. Equal paths abluall dadsie of deaiye S 93 dayya wagll
form the central bright fringe. esaall ¢3S sall wagl oldasy olglucall
. !
Bright: Dpath = m)\; dark: Dpath = (m + ) I\
10 Practice Questions
13.1 What is constructive interference?
Felidl S5l Lo
13.2 What is destructive interference?
g 9!3@! 1l e

13.3 Define an interference fringe.
JEadl Caa Be

13.4 Why are the two slits commonly illuminated by the same monochromatic source?
Saslg ol golal yamn oo Bsle oylaadl clay 13l

13.5 Why is the central fringe bright?
Slpta g3Ssall gl s, il

13.6 At a point the path difference is 2A. Is the point bright or dark?
S... ”. Pi ..‘". L,QLLQZ}\ ..] '“ALC-)LJ.LA.H é)-é

13.7 At a point the path difference is 1.5A. Is it bright or dark for equal slit amplitudes?
§ oadiid] limas @9l 13] dallaa pf dioira (4 6S5 Jo . 1.5A dasi aie ylucall 338

13.8 For A = 600 nm, classify points with path differences 1200 nm and 900 nm.
.nm 9005 nm 1200 ko slual Bys yodadi o A =600 NM xic

13.9 What happens to the two-slit interference fringes when one slit is covered?
Slagus| ddasi wie cpiadl J3100 lua¥ ey ke
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13.10 Why are the dark fringes not simply shadows cast by the barrier between the slits?
S o] o 3o ) MBS s yoea dallaall laall e 130

EXAM QUESTION 13 - ANSWERS

Double-Slit Interference

13.1 Superposition in which wave amplitudes reinforce, giving increased intensity.

Bzl slaysd olewdl b 3 STy

13.2 Superposition in which opposing amplitudes reduce the resultant; equal opposite amplitudes can
cancel.

gy dusSlazall dyglutall Gland] LAl 18 (ol (uS185 gy dlasuall 40 J85 (S1y3
13.3 A bright or dark band in the spatial intensity pattern formed by interfering waves.
ol gall J515 o 25l 8ol 22ysi baa 8 lbas ol & e by

13.4 To produce the same frequency and a stable relative phase, allowing a steady interference
pattern.

ol 15155 baad yglad (yiiteca yobs §ydg dudi 33yl z sy
13.5 The two paths are equal, so the waves arrive in phase.
) yohally oyl gall Jad lglua ol yluall
13.6 Bright: an integer number of wavelengths gives constructive interference.
2SI ey G gall JIobY] e oo sac il
13.7 Dark: a half-integer wavelength difference gives opposite-phase arrival.
eaSlaia ayshy doog sy i sall JlsbYl o oo caas 35 dalla
13.8 1200 nm = 2\: bright. 900 nm = |.S\: dark.
dallae :1.5A gl NM 900, a0 22N golu NM 1200

13.9 The two-slit interference pattern disappears; the remaining slit can still produce its own
diffraction pattern.

At 7 giball adl sg> daad iy a8 ] 13145 baad aus
13.10 Light reaches them from both slits but cancels through destructive interference.
plagl J3ladl el ) (pdad] e e 9.0 lglay
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EXAM QUESTION 14 - QUICK REVISION
Thin-Film Interference

aad )l daedl Y310

Learning Outcomes qls:l xilgs
1. Define and explain thin-film interference. B ysudiy 488 )l daedl 3105 Cay yes

2. Explain how refractive indices control phase inversion oSyl e yolall oMl 8 ylusSSYl eidlales 1 gty
on reflection.

Quick Notes .l doMs

Light reflected from the upper and lower film boundaries elaell Jaudly golall cpasdl o uSsiall cgall J5-1acy
interferes. Optical path and reflection phase shifts jointly ;9,2>J|“‘6.\;74 ‘34")9}:;1! oMaily g yadl sluall §gyb sam3
determine brightness. ’ =T
Reflection toward higher n adds a 180° phase reversal; ok LMl Malzs L}.l.c,l by go s> e el by
reflection toward lower n adds none. Frequency is Y Vales J§i ag g a> aze LM &asy ¥ ,180°
unchanged. ’ - Sl
33580 ey
oo : . A
Normal-incidence round-trip optical path = 2nt; Milm = ==
n

10 Practice Questions
14.1 What is thin-film interference?
syl el JESRVAVS
14.2 Why can a soap bubble show colours in white light?
ol el 8 Gloll (oslall delad b 13kl
14.3 Does reflection from air toward glass cause phase inversion?
$yokall 8 Bl Z 3l oo elggll o JEBdl sie Sl gy Jo
14.4 Does reflection from glass toward air cause phase inversion?
$ysb Ml Zla 3l dgx 0 eladlly Zla il s> i SR oy Jo
14.5 A soap film has air on both sides. Compare phase inversion of its two reflected rays.
eaSaiall el yolo oM 3B | ycigadl o clogll @l oslo clie
14.6 Afilm of n = 1.40 lies on glass of n = 1.60, with air above. Compare the two reflection phase reversals.
e Sl e yolall V&S 38 clga dB8gdo N = 1.60 zylen = 1.40 clae
14.7 Why is geometric path difference alone insufficient to predict a thin film’s reflected brightness?
Selaall o juSeiall cgll ¢ glaw @89 0a>g w.w,lb@l 89 u.a.i.: Y13
14.8 Why can colour change across a soap film of nonuniform thickness?
Seladdl plaiia 38 yoslo el se oyolll sty 13lal
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14.9 For a film in air with one reflection inversion and vanishingly small thickness, is reflected interference bright or
dark?

slallra Pi Lean Sl 5 lacdl 5650 Jo (yaall o sy clawg aslg oMas! o3 clogll 8 clis)
14.10 How can a suitable transparent coating reduce reflection from a lens?

EXAM QUESTION 14 - ANSWERS
Thin-Film Interference

14.1 Interference between waves reflected from different boundaries of a thin transparent layer.
,’4’.5*_’9’) a.é‘.é,dd ....’] ...]” N JS.LD- O_C— . s . C)LD.-SA Q{x‘ J’}L&j
14.2 Different wavelengths are reinforced or weakened according to film thickness, angle and phase
changes.
skl @iy dyglilly elasll claud 55 )3T Gaadiy durse Jlobl jie
14.3 Yes. Reflection at a higher-index boundary adds a 180° phase shift.
2180 Lyl cariny Maloa Llel by a> sie ulSeidl (ass

14.4 No phase reversal occurs for reflection toward the lower-index medium.
Maloo J891 brsgll g LulS2idl aze oMasl asy ¥

14.5 The front reflection (air to film) is inverted; the back reflection (film to air) is not. There is
one relative inversion.

g s MBS a5y telogll ] eladll e AI iz dg eladl] U] clsgll e aledl axgll alSasl iz,

14.6 Both reflections are toward higher n and each is inverted; their relative reflection-phase
difference is zero.

280 cppnlS2l o 25l el soball 535 lagin JS i dlales Llel by aie o lulSesyl
14.7 Refractive index changes optical path, and reflection can add phase inversion.

Job oMEl uSeidll Caay A8 6-)'0“‘” slwall 3oy yLuSSYl Joloo C)‘ﬂ

14.8 The round-trip optical path changes, so different wavelengths satisfy constructive interference
at different places.

dalisa golge 0_9 daliss Jlob¥ bl boya damzs Lllg Glad é)a/.lbwl).&u
14.9 Dark: negligible propagation phase difference leaves the two reflected waves opposite in phase.

Aol oME] oy (ppauSloia leloadl (88 Jaga sLacidl a2l yolall 838 tallra

14.10 Choose index and thickness so the reflected waves interfere destructively for a chosen
wavelength.

St g Jobl lilaa bl gl sall J31a ooy claudly Jolaall i
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EXAM QUESTION 15 - QUICK REVISION
Reflection Gratings

L)Al.isuﬂ' 139 30

Learning Outcomes qls:l xilgs

1. Define a reflection grating and give examples. lzal cllacg oSl g 3o iy el

Quick Notes .l doMs

A reflection grating has many closely spaced parallel yyliieg 83,38 dyjlgie duSle wualsl LulSeidl jg 3l
reflecting grooves. Waves from the grooves interfere after lgze duSazall &l gall I3 1usg
reflection. ’

Regular groove spacing produces wavelength-dependent bright directions.

10 Practice Questions
15.1 Define a reflection grating.
o83l jgima Be
15.2 Give two examples of reflection gratings.
oelS2idl eslygimal e el
15.3 Why can a CD show rainbow-like colours under white light?
§ ol e o shall iy dgae Blgll CD o8 yehas 13l
15.4 How does a reflection grating differ from a transmission grating?
S3ladl jgima oo Sl Jgime sy bS
15.5 Why should the groove spacing be regular?
Slakiiie wual3 3 weld oSy ol e 13L)
15.6 Does a smooth plane mirror act like a ruled reflection grating? Explain.
15.7 What remains when a reflection grating is illuminated with only one wavelength?
Faxly >roe Jokay ulSall joioa cliy lasie yghay lilo
15.8 What is a groove-density specification such as 600 lines per millimetre describing?
$ytads IS0 s 600 Jro 83LS sasd hay l3ls
15.9 Why is the colourful pattern from a reflection grating not explained by ordinary pigment alone?

§ solSidl 330 ololl Yaad) dyslall ¢ Leo¥l ypuds Sy Y 13kl

15.10 Where does interference occur in a reflection grating: between reflected waves from different grooves or
between unrelated colours?

Syl e yat ololl opar pl dalisie w133 e duSmin Olarge cpa 1pelEiY] Joione 8 I3 lall sy oyl

EXAM QUESTION 15 - ANSWERS
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Reflection Gratings

15.1 An optical surface with many regularly spaced reflecting grooves that diffract and interfere
with light.

axlgal J51asig eoall s acledl daliiin 83,35 duSle wuslsl 03 gy pdas

15.2 A ruled metallic optical grating and the closely spaced tracks of a reflective CD or DVD.
Lo yBuall dusSlell DVDgi CD o8 wlyluag (yod>a RSP SIRRCTRT-SEN

15.3 Its regular tracks act as a grating, sending wavelengths into different constructive-
interference directions.

Jalises oLy olaladl L] dumgall J1abYl Jus sy 3oimaS dabruall @ilyluco Jasi

15.4 The first uses reflected light from grooves; the second uses light passing through many narrow
openings or equivalent structures.

455150 STy o 83, gl Ol yie 18U cgll g galsYl o uSaiall sgll Jodl pasuiug

15.5 Regular spacing creates systematic path differences and sharp constructive-interference
directions.

Bl elyy olalodly dabizia ylus Goyd abiziall seladl ¢y
15.6 No. It lacks the periodic groove structure that produces separate diffraction orders.
Alodia sg> 5y i Al s dyyeall &l ) sazas ol
15.7 Several allowed bright orders of the same colour, rather than a multi-colour spectrum.
.O‘gﬂl sanis ado N awdi o)l e d>gaws dia LIy
15.8 The number of repeated grooves per unit length measured perpendicular to the grooves.
Lgde Gagac Lalda (Job Busg JSU 8y Sl aus3Y] s

15.9 The colours arise from wavelength-dependent interference directions and change with viewing
angle.

Sl &yl po sy arsall Jobll le sazsd J515 wlaladl e ol Lo

15.10 Between coherent reflected waves of a given wavelength from different grooves.
alises ayols e dwds Johll osld byl yzall duSaiall slagall oy
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EXAM QUESTION 16 - QUICK REVISION
Grating Spectroscopes

393xalb OLdaall

Learning Outcomes qls:l xilgs

1. Explain the operation of a grating spectroscope. Soseall Bldrs Jac yowss

2. Give applications such as gemstone analysis. LagySI oY o e eslidal clac]

Quick Notes 7l doMs

A slit defines the source; a collimator produces nearly lote dui el giloall Jomg (ysaall dadl dxid sasd
parallel light; a grating separates wavelengths; a ’ sl 9i_)‘"1:' 1 . piljlsbgﬂljg' I Ladsg
telescope or detector measures the spectrum. o L |
Spectral features provide evidence about composition, O s olatal lgag (oS3l e dadall sladl Jas
including characteristic absorption in gemstones. N daySI1 Lo

Slit — collimator - grating — viewing telescope / detector

10 Practice Questions

16.1 What is the role of the entrance slit in a spectroscope?
b Ldaall 8 Jos-ull B you Lo
16.2 What does the collimator do?
¢ agadl 6;'9.43 Jedy 13la
16.3 How does the grating separate wavelengths?
Sazsall Jlsbill jo3oall Lody 4.5
16.4 What does a telescope or detector measure after the grating?
$39meall asy S of yUsiall udy 13Lo
16.5 Why can an emission spectrum help identify an unknown element?
o820 e asd e wiledill cads selug 150
16.6 How can a spectroscope assist gemstone analysis?
$day Sl oYl S 58 Bldaall selug bS
16.7 A gemstone removes selected wavelengths from white light. What spectral features should be sought?
Slee codl wglhall Lo )l oslad! Lo .uéz,gf}!l cgall o diuno glsbi S s> i
16.8 Why is comparing a complete set of spectral features better than matching one line?
Saxlg bas daslhae e dalS daall olawd] degano dylao Jads 13kl
16.9 Compare prism and grating spectroscopes in their wavelength-separation mechanism.
J935allg sodiall Bldra 5 dumsall Yol Lad &1 o518

16.10 A spectroscope’s slit is widened too much. What happens to nearby lines?
§ 8zl bohasll easg 13ke .a3MI o ST BLbaall g s
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EXAM QUESTION 16 - ANSWERS
Grating Spectroscopes

16.1 It provides a narrow source image so spectral lines can be resolved clearly.
7909 & hll bolasl juad) 4800 ya00 By50 3892
16.2 It makes the light incident on the grating nearly parallel.
Slote 4 3g3omall e b3l cg2ll Jasms
16.3 Constructive interference occurs at different angles for different wavelengths.
.‘.. et 'J‘wa «.I“. L{'g}-j ;‘.U.f.” JD."_\.';.” oo oe ““
16.4 The directions and intensities of the separated spectral features.
Agilazg dhadidl daall oladl oslalsl
16.5 Its characteristic line wavelengths can be compared with reference spectra.
gz yo BLLL 5isaall abglas Jlgbl &)lia oSay
16.6 Characteristic absorption features can reveal colouring ions or help distinguish materials.
lsall s desadl] Lle aelud ol @5lall @bgl 83small olazadl @law (iS5 13
16.7 Dark absorption lines or bands at those wavelengths.
JlsbAl el e dalle olazal Bl of baks

16.8 Different substances may share or overlap a line; a full pattern is stronger identification
evidence.

sl ¢o8l Lds JolSIl baddl dgboghas J3lazi of Uas dalises slga o ylacs 48

16.9 A prism uses dispersion by refraction; a grating uses diffraction and multi-wave interference.
Baasis Olxga 31089 sgundl jgioeall PSSl g olSOIL cesacd! yguicall pAS Ly

16.10 They broaden and may overlap, making them harder to distinguish.
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EXAM QUESTION 17 - QUICK REVISION
Reflection & Convex Mirrors

dysomall Ll yallg LolSaiyl

Learning Outcomes qls:l xilgs
1. Part 1: State the reflection law and use ray diagrams
and calculations.

2. Part 2: Define principal axis, focal point and focall
length.

3. Part 2: Draw convex-mirror images and explain their
virtual reduced nature.

4. Part 2: List applications of concave and convex
mirrors.

Quick Notes .l doMs

Incident ray, reflected ray and normal lie in one plane,
with equal angles to the normal.

Convex mirrors diverge rays; backward extensions locate
an upright reduced image behind the mirror, between its
surface and F.

0/ = Or; convex mirror: f < 0,di < 0,0 <M <

Plusdly @yl dddaig yulSeidl gild S5 ZJQ‘}U el

Convex Mirror

Ray 1

Ray 2

......

4

263584l adlg 838l Ll I yaomall cayyei: JLI 232l

44009 lgisS sewdiy Dasall B1sall 9.0 @y i Sl 2 3ol
RECICY

gaomallg 8 yasiall Ll sall eoligdad 1S3 3Ll 23l

‘.b-lg S Shun Q_Q J9A9J|9 w&sudlg sl ff_l.m‘ZJl
Sgasll 2o glugl Il goluctis

5y90 dalsl olalazedl susdg il dasall 3340
.Fo ol o gals 8 ko0 datise

Object
=

Xo

Source: supplied Physics Grade 10 Advanced textbook, p. 13. olsll ;e @uwy

10 Practice Questions

17.1 Part 1: State the full law of reflection, including the plane condition.
soall by ad lag MalS ulSaidl gils jS31: oYl e 3ol
17.2 Aray strikes at 28° to the mirror surface. Draw the normal and find 6i, 8r and the angle between ray arms.
eeleadl elyd o duglillg Or, 01 .)..}919 sgasdl @yl 3l yall xaw 2o °28 dyglys ¢ o Jadug
17.3 The incident and reflected ray arms enclose 72°. Find their angles to the normal and surface.
by sgaell go lagaisgly axof 072 dygly LuSiallg 8lull ucloadl lelyd yomey
17.4 With the incident ray fixed, a plane mirror rotates by 5°. Through what angle does the reflected ray rotate?
¢ Szl ¢ leidl youy @S .°5 dygrus 8lye youi (bl ¢ leddl il go
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17.5 Two plane mirrors are perpendicular. A ray reflects once from each in the plane perpendicular to their
intersection. Compare final and initial propagation directions.

Sl ool (B lagab el s e g3gac gotma b lagia JS (e B0 gl (uSany . Usalate luygtus o l3a
lasdly JSlgd!
17.6 Part 2: Define principal axis, focal point and focal length for a spherical mirror.
39S 81300 03841 a=dlg 83841y Lyl somall Bie Sl e 3ol
17.7 Draw two rays to locate an image in a convex mirror: one parallel to the axis and one aimed toward the focus
behind the mirror.
Lgals 343841 9o docin 33 ¥g ygall 3lga lagas| 1dyae 8130 8yg0 Ayasd el @yl
17.8 Why do convex mirrors not form a real image of a real object?

§ i asend i B350 Gpasmall 3553 3Ll
17.9 Why are convex mirrors used at blind road corners and in vehicle viewing mirrors?
TolSyally 438301 Lilye 89 dgmaall G kall Lol aie dyamall paseiwd 131al

17.10 Give two concave-mirror uses and state the required object location for each.

Lagio IS0 Colhall awsdl 290 3usg 8 yedall (yalaseinl (S5l

EXAM QUESTION 17 - ANSWERS

Reflection & Convex Mirrors

17.1 The incident ray, reflected ray and normal are coplanar, and 6i = 0r.
.0i=0r RIS SEPRCS PRI v & soally uSeiallg 8L tl.v.;b.” 8

17.2 0/ = 90° — 28° = 62°
Or = 62°% ray-arm angle = 2(62°) = 124°

72° ,
5 =36

Angle to surface = 90° — 36° = §4°

17368/ = Or =

17.4 Reflected-ray rotation = 2 x §° = 10°

17.5 The final ray is antiparallel to the initial ray: its propagation direction is reversed.
oyl o] uSazy ¢ lamdl ¢ lasd) LiSlaas U3lge Liled! ¢ laidl meas

17.6 The principal axis passes through the mirror vertex and curvature centre. The focus is where
paraxial parallel rays meet, or appear to originate. Focal length is the signed vertex-to-focus
distance.
laygae w290 ol ygmall o doydll &3l guall deadl il 590 83841 1o ysSH 3Ss09 81sall Cudaiy yay uiy)l ygomall
83801 I dadl cpa gLy d3luall 63841 andl g 3alall

17.7 The parallel ray reflects as if from F; the F-directed ray reflects parallel. Extend both reflected
rays backward to find the upright reduced virtual image.

Aasall deangll By gl ayased A pwSsiall as Gilge uSsi F 9o aadly F oo slo @ls sileall uSaiy
8yl
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17.8 Their reflected rays diverge rather than converge; only backward extensions intersect.
Jad dalsdl olslaiey] gblasi pasii Yo §34:5 duSsuall lgunal
17.9 They provide a wide field of view with upright reduced images.
83200 dausa a0y lawls 438y Jlors 4845
17.10 A magnifying shaving mirror uses an object inside F. A reflector producing an approximately
parallel beam places its light source near F.

F oy cadll yran iy dplgzall au daiod] LuSleg F 515 qundl g 85Sall @83l 8130
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EXAM QUESTION 18 - QUICK REVISION
Refraction & Thin-Lens Calculations

48,38 JI olwasll Oblusg LSl

Learning Outcomes qls:l xilgs

1. Part 1: Describe and draw refraction at a boundary. I CIRCURCSE WA O (PWETSE-ET SR P | R EN
2. Part 1: State and apply Snell’s law, including critical- Ol S 5 lay ddedaiy Jiw 938 S5 Jo¥l il
angle calculations. Aoyl duglyll

3. Part 2: Calculate magnification of convex and concave .3 y=dallg d&asall 488 I ol 1.uST Ol 1 Sl 3l
thin lenses.
4. Part 2: Apply the thin-lens equation with correct signs. alyladl d8.8 )l dwaedl dsloa Faodai: SN 3

Quick Notes 7l doMs

Toward higher n: bend toward the normal. Toward lower A9y :Jéi 9559 agall 9o e gl 1Sy :U_Lc,;l Joloa g

n: bend away. Frequency stays constant across the ol yee Bl sayill iy e

boundary.

For real objects do > 0. Convex f > 0; concave f < 0. Real Al 3y28allg > g0 fa_, =l .do >0 -2 ! RWES J
images on the outgoing side have di > 0; virtual images di P di JlCols s I3

<o da00lly crgo Al zosl il 9 duiidind] §y9.0l)

ol

. . ] Nz
n1sinB1 = nysinBy; sinbc = —
N1

hi ai
=+t — M= — = ———

f do di’ ho do

-~
-~
-~

10 Practice Questions

18.1 Part 1: Draw refraction from air into glass at oblique incidence. State how speed, wavelength and frequency
change.

3y3lg o gall Jabllg de sl 15 izl 3l I els@ll cya Moo 3Ll syl 2 J oY1 32

18.2 Light enters glass n = 1.50 from air at 30°. Use Snell’s law to find ..
02 sy Jw paseinl P30 wie clggl o = 1.50 55 coall I3

18.3 Light enters water n = 1.33 from air at 45°. Find 0..
02 a50l 245 wie clgg)l o = 1.33 2lo codl 5y

18.4 A ray entering an unknown medium from air has 8, = 50° and 6, = 30°. Find n.
n A:;-gi 0z = 3009 01 =50° clagll Y gg@:xa LEzu.yg J_‘>..U &l&‘ul

18.5 Find the critical angle from glass n = 1.60 into water n = 1.33.
N =133:ckb JIN =160zl o dxyodl dglill sl

18.6 Part 2: A convex lens has f = 12 cm, do = 36 cm and ho = 4 cm. Find di, M and hi.
Jhig Mg diasgi.ho=4cmgdo =36cmyf=12cm duse dwas) : S 3ol
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18.7 A convex lens has f = 10 cm and do = 6 cm. Find di and M, and classify the image.
B3y5.a)l aiog Mg diasgl.do =6 cmgf=10CmM daso dwis

18.8 A concave lens has f = =15 cm, do = 30 cm and ho = 6 cm. Find di, M and hi.
Jhig Mg di ssei .ho =6 cmgdo =30cmgf=—15cm 5,060 dwssl

18.9 Alens forms a real image at 40 cm of an object at 20 cm. Find f and M.
My fasgl.cm 20 wic auwss) €M 40 sic @b d> §yg0 duss 553

18.10 A convex lens of f = 15 cm forms a real image at 45 cm. Find do and the image height for ho = 2 cm.
o =2 cm 13] 53500 ¢ laiylg dO ax ol .CM 45 wic ddd> 8 00 £= 15 CM daso duse 5Ss
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EXAM QUESTION 18 - ANSWERS
Refraction & Thin-Lens Calculations

18.1 Draw the refracted ray closer to the normal. Speed and wavelength decrease; frequency stays

the same.

s 33531 g s sall Jobllg de yudl passi sgasll | oyl suSaall gyl

182 sing, = 00 5M30° _ 5 3233

1.50
6, = 19.5°

sinqS°
1.33

\

18.3 sinB, = 0.5317

0, = 32.)°

= <oin”! — o
18.5 8¢ = sin ( 1.60 ) = 56.2

12 x 36
36 - 12

= -0.50

186 di = =+l em

_18
36
hi = Mho = =2.0 em

M=

_loxé
18.7 di = =70 - 1S em
-1S

M = - = +2.50; virtual, upright, enlarged.
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EXAM QUESTION 19 - QUICK REVISION

Double-Slit Fringes & Wavelength
s>sall Johlly paiall Olsal

Learning Outcomes qls:l xilgs

1. Recall fringes and constructive/destructive 2lagly Gl J31adly Claa¥l ¢ oyl

interference.

2. Explain coloured spectra with white-light double-slit uo,u' coiy il Belo] aue Dglall BLLYI yuss

illumination.

_ xmd . . . xm d
3. Use mA = — to locate bright fringes and solve Jog dzeinall Olsalll ayamd = mA Al sl
interference problems.
JE el Bl
Quick Notes .l doMs

At small angles, bright-fringe positions are proportional to a5yl g dipaall Claadl eblgs canslisd §ysall Ligil
order, wavelength and screen distance, and inversely el aels - Sceo daladl ae I I
proportional to slit separation. s P8O HunEs i °>9AJ Joklls
White light gives a white central fringe. Away from the NobYl Joas ae s UMI U330 Laa ol Jlasy
centre, different wavelengths separate; red is farther out 5 45,0 2l oo _wi)';\__}w

than violet for one order.

o = M)\L;szi')\= Xm

] d (small angles)

d’ mlL

10 Practice Questions

19.1 Explain why the central double-slit fringe is white with white-light illumination.
2l 9 il Belo] e ol 38 sall Cagll (oS 13l i
19.2 In the first-order white-light spectrum, which is farther from the centre, red or violet? Explain.
yeisd § madid] ol 3031 53S 50l e aayl lagal (¥l cgall Jo¥l gyl b
19.3 State the bright-fringe path-difference condition and explain why dark fringes occur between bright ones.
leo dalBall 5g> g b g (diwaall wlaaW jluall 88 by 4S5l
19.4 For A =600 nm, L = 2.0 m and d = 0.30 mm, find the first bright-fringe position.
espo 0 Jol 2590 axol d =0.30 mmg L = 2.0 mg A = 600 nm Loic
19.5 For A =500 nm, L=1.5m and d = 0.25 mm, find Xs.
Xz a39/.d=0.25mmgL = 1.5mgA =500 nm loa:c
19.6 The first bright fringe is 2.4 mm from the centre for d = 0.20 mm and L = 0.80 m. Find A.
A sl .L=0.80mg d =0.20 mm losie 3Syall e MM 2.4 ¢ o0 sa Jol a2y
19.7 For A =550 nm and L = 2.0 m, adjacent bright fringes are 2.2 mm apart. Find d.

A as ol .mm 2.2 5y glozall dcinall Glaa¥l sels L =2.0mg A =550 nm e

19.8 A bright fringe at 12 mm is formed by A = 600 nm with d = 0.30 mm and L = 2.0 m. Find its order.
iy asgl L =2.0mgd =0.30 mm g A = 600 NM cg.i) MM 12 sic = Lae wua oyoSi
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19.9 Slit separation doubles and screen distance triples while wavelength stays fixed. Find the new-to-old fringe-
spacing ratio.
S agasdl laadl aels dews .x>,9i o=>sall Jahll ol 2o JLAI W danladl sy uayg cdddl aels e lay
Lazadl

19.10 For d = 0.40 mm and L = 2.0 m, find the separation of first-order red (650 nm) and blue (450 nm) fringes on
the same side.

sle M 450 5,331 NN 650 a5 oWl a5yl a0 st @lall azgl L = 2.0 Mg d = 0.40 mm e

dwd’ ol

EXAM QUESTION 19 - ANSWERS

Double-Slit Fringes & Wavelength

19.1 The path difference is zero for every wavelength, so all colours reinforce together there.
Ao 20 @IS o1l j3018 (dxr gall Jlobl IS sho yluall 330
19.2 Red; its longer wavelength gives a larger x for the same order.

gt @530 3 ST X sy 3 SYI > gall dgbs 3a>Yl

19.3 Bright: Apath = mA\. Half-integer wavelength differences produce opposite-phase arrival and
destructive interference.

Lalae a1 iy yshall uSlaie Joooll Jend Johll o g i §938 Lol M jluall 38 ol
600 x 107° x 2.0

19.4 X1 = 0320 X107 = 0.0080 m = 4.0 mm
3x8500x10° xS _ _
195 x3 = 025 X 10° = 0.0090 m = 9.0 mm
-3 -3
log A = 2 X107 x 020 X107 _ (5 1070 = 600
0.80
AL $50 x 107° x 2.0 _
19.7 d = o - 55 X 05 = 0.50 mm
108 m = xd _ 12 x 1072 x 0.30 x 1073 -3
' AL 600 x 1079 x 2.0
DAxnew 3 _
19.9 od -2 " 1.S

(650 — 450) x 1070 x 2.0

0.0 X 10°3 =1.0x107%m = 1.0 mm

19.10 Ax =
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EXAM QUESTION 20 - QUICK REVISION

Single-Slit Diffraction & Gratings

ilygimallg sydall §adl sgu>

Learning Outcomes qls:l xilgs

1. Part 1: Describe single-slit patterns for green, red and
white light.

2. Part 1: Develop and apply central-band width 2x; =
2AL
-

3. Part 2: Discuss grating production and uses.

4. Part 2: Apply mA = d sin® to grating bright orders and
solve problems.

Quick Notes .l doMs

Asingle slit gives a wide central bright band and weaker

side maxima. At small angles its width is %

A grating is made with many equally spaced grooves or
openings. Larger wavelength gives larger angle at the
same order.

AL

331y 123 M 5 yaall gadl blail o : Jodl el
edllg

2L ‘
w - 2x1 3S3all wagll pose Blazal : Sl e3a]
Adgdaig
aolaszalg joiall Zls] dadlis 1 3Ll e3adl

dpaall jg3oall ciy) MA = d SING Fdai: S el
Jluall J>9

sl il Ulaaly Lagye 13S5e Gan syaall gadl laey
2AL
T wdse Bygall Llgsl
w
aeladl dyglucia 8338 wloud ol sl jg3ouall gray

et 43300 58T g5 ey 55U Joball

First minima: w sin® = \; x1 & — Wcentral = 2x;

w
. _ s 3 —_ ’ .
Grating: m\ = d sin®; d = T do

A<d

P, (first

I dark band)
- -
. 2
TE0 ol r l
%f‘—\‘ 18 iy Pg (central
h % bright band)
A

-
)

l :

Single slit

Screen

Source: supplied Physics Grade 10 Advanced textbook, p. 52. oSl o @)

10 Practice Questions

20.1 Part 1: Describe the central and side bands in single-slit diffraction. Compare red and green light and describe

white-light colours.

20.2 Starting from the first-minimum condition w sin@ = A, derive the central-band width for small angles.
Byl Llg3l ¢3Ssall Cagll (oye Gual W SING = A sl s> Jol by (o Bollal

0506428618
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20.3 For A =600 nm, L = 2.0 m and slit width w = 0.20 mm, find central bright-band width.
el ¢3Ssall wagl ose axgl W =0.20mm gadl oyeg L =2.0mgA =600 nm e
20.4 A 500 nm beam gives a central band 10 mm wide on a screen 1.5 m away. Find the slit width.
Sl oy amgl M 1.5 sed dala Lle MM 10 ab e 3S 50 Gaa NM 500 doj> s
20.5 A single slit 0.25 mm wide gives first minima at +4.0 mm on a screen 2.0 m away. Find A and the central width.
&3Ssall oo A asol M 2.0 wed dala Lle MM 4.0% wie syl s Jol Jlaey MM 0.25 abse 55d0 G
20.6 Part 2: Describe one way to make a diffraction grating and one scientific use.

Jaslg Lale laluseinlg 394> 393w 2l diy b ho u.JLJl eyl

20.7 A grating has 500 lines per mm. Find d, then the first-order angle for A = 600 nm.
A =600Nnm e Jo¥l &yl dgly @ d sl mm JSI bas- 500 g 30wl

20.8 A grating has d = 2.0 ym. Find the second-order angle for 500 nm light.
20.9 First-order light appears at 20° from a grating with 600 lines per mm. Find A.
A ..&:;91 Jam ) s 600 63 jgima 0 °20 nie u.]ggﬂl A3yl cgo selis

20.10 Ford = 1.5 ym and A = 600 nm, determine the greatest possible integer order and test whether third order
exists.

A Ay agmg s ly &San doous ddy 3STsa> A=600nNmg d = 1.5 pm sc

EXAM QUESTION 20 - ANSWERS

Single-Slit Diffraction & Gratings

20.1 The central band is widest and brightest; side bands are weaker. Red gives a wider central
band than green. White light gives a white centre and coloured side structure.

dle oSlyig panl S0 (o 3233l o (o sel UiSsa ey yas Yl ndl dusladly 8elo] waly (o)el ¢3S sall

gle
N X1
20.2 sinB = tanB = T
X oy, = M
L ' w
W= 2)(1 = &
w
2 x600x10°x20 _ _
203 W = 020 X 107 =0.012 m =12 mm
04w = 2AL _ 2 x 500 x10° xS = 015 wm
' W 10 x 1072 '
_oxaw 4.0 x 1072 x 0285 x 107 _
205\ = T 30 = 500 nm

W= 2x, = 8.0 mm
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20.6 Rule many equally spaced grooves on a reflective surface, or fabricate equally spaced
transmitting structures. Use it to separate spectral wavelengths in a spectroscope.

duadal |J19bsﬂ| bad) pasciugg . dabhiin 8380 o Syi gual ﬁngSLc.@muLc.\.cl{_‘le aggma}ﬁzs.\g.slsi yas

207 d = 10~ =2.0x10% m
' S00 )
.~ 600 x10° B 0
S/We = W = 030 36 = ,75
A 2x8500 %100 _
20.8 sinB = 20 x J0°¢ = 0.50
0 = 30°
209 d = 10~ = 1.667 x 1076 m
' 600 )
A =dsin20° =570 x 1007 m = 570 nm
d 1.5 x 1076
20.10 m < 7 = W —25

bladl b

mmax = 2; third order would require sin® = 1.2, so it cannot occur.

0506428618
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