Thin lenses and optical instruments
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Easiest lenses to make have two different spherical sides, one from
sphere of radius R;, other with radius of R,. These radii can be positive
or negative, in which case one has respectively convex or concave lenses.
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Converging and Diverging Kinds of Lenses
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Diverging lenses




Converging Lens

parallel rays focal points
optical axis ': \ F
« parallel rays converge at F 4 >

« each lens has a unique f focal length f



Two Sides - Two Focal Points
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Biconvex Convex— Plano- Biconcave Convex— Plano—
concave convex concave concave
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1/S1°+1/S=1/f
1/7.5+1/S" =1/5
1/S1°=1/5-1/7.5=1/15
S1'=15cm

Liia 5 yeall dun 5o L5V
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S2 =d-S1° =10-15=-5cm
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1/S2° + 1/S2 =1/f2

1/52° +1/-5=1/10

1/S2° =1/10+1/5=1+2/10
S2° =10/3=3.33cm
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40l duaall e 22553.33 cm

M1=-S1/S1=-15/7.5=-2
M2 =-52/S2 =(10/3)/-5 =
2/3
M=M1M2
=(-2)(2/3)=-4/3 ;
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Figure 36.34 Spherical aberration
caused by a converging lens. Does
a diverging lens cause spherical
aberration?
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Figure 36.35 Chromatic aberra-
don caused by a converging lens.
Rays of different wavelengths focus
at different points.
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Solution
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I

R1>R2 R1>R2 R2>x R1I<R2 R1<R2 Rl>»w
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“aﬂd:alj)ﬁaﬁii\ zdad) 9 10 cm aJh%MJQAMLHAk“hih& (7-2
42 )84 o) Azada e of g sl LAy uual 1,54 g Lgdala jLusi) Jalaw 520Cm

Solution

1 _(n- 1)( 1 1 j

f Ry R, 1/f = (1.54 — 1)(1/10 — 1/20)
1/f = (0.54)(2-1/20)
1/f = 0.027
f=37.037 cm
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b b Lhaig e AY) Ghulb 10 cm o_kd cial g s aadaw da) duss (7-3
1.6 o busi) Jalaa Lilad Jibu (2 Cay 154 94 Lhale lesi) Jalaag20cm
48 84 o) dzana g 58 (g U3 Ly

Solution

1f = ( 1.6/1.54 — 1)(1/10 - - 1/20)
1/f = ( 1.6/1.54 — 1)(1/10 +1/20)

1/f = (0.038)(3/20)

1/f = 0.0057
f=175.438 cm
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Solution
Aaslia g b puSa ABda 3 ) guall 2F > § > f My S acaad) (1S 1)

aad) dga (i g dlvina b e AILA B gall s < f g Lo aadl 1S



sl JLui) Jalaag 30 CmM Wegg Go JS oSSl Cualy (g sl) Assas dass (7-7
1.33 oSS Jaloa (533\ s Lall 2 ot Ladis g & 94! (2 ¢ 5 )l Gl 1,50 52

Solution
E:(n—l L 1 _
f )(Rl Rz) 1/f = (1.5-1) (1/30--1/30)
1/f =1/30
f=30 cm
1_(%_1}[ 1 1 j 1/f = (1.33/1.5-1) (1/30+1/30)
f \n R, R, 1/f =-17/2250

f=-132.35cm
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&uM\SJLAJLuSJ\JAU.AG,\uA‘ 30 cm Meuiﬁ“-ﬁéﬁabam“ﬁﬂ%%cm

Solution

1 1/f = (1/25) +(1/30)
; 1/f =11/150
f=150/11
f=13.63 cm
_1{ 1 1 j 1/13.63 = (n-1) (1/20+1/15)
1/13.63 = (n-1) (7/60)
n=1.62
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Solution

1 1/f = (1/30) +(1/10)
N 1/f = 4/30
f=30/4
' f=7.5cm
M=—=—=— M = (-10/30)= 0.33
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Solution
1 1 N 1 1/-30 = (1/18) +(1/S")
PR 1/S° = 1/30 — 1/18
Fos s 1/S°=-1/45
. . S =45cm
M_n__S M = (-45/18)= 2.5
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Solution
i_1.1 1/-6 = (1/12) +(1/S))
f s s 1/S° =-1/6 —1/12
1/S°=-1/4
S=-0.25cm
S, =d-S} 1/12 = (1/S)+(1/S)).
1/S=0
S =00
S=12cm

d=12-0.25=11.75 cm
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Solution

1/f = (1/-6) +(1/12)

1 1 1 1/f =-1/12

f f f, f=-12cm
P=1/12x10%=8.33 D.
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Solution
1 1 n 1 yseus=u 1/52° +1/52 = 1/f2 1/S" +1/S = 1/f
- 1/S°+1/30=1/20 . .
f s ¢ 1/5°=1/20-1/30=1/60 1/52" +1/-10=1/5 1/S +1/4=1/4
S = 60 e 1/S2° =1/10+1/5=1+2/10 1/S°=0
) S2° =10/3=3.33cm S =0

dila 3 ) guall Ao ga B_LEY)
82=d—81 Al dutnll auas A3liay B ) gual
S$2 =d-S1 = 50-60=-10 cm

Adia B ) gual) A ga B LAY
Al dwtad) (& 259 3.33 ¢cm

1

P= r3 1/f = (1/20) +(1/5)
1.1 1 1f = 1/4
f f f, f=4cm

P=Y4x 10°=25D.
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AS ganall 5 4389 g )5l 3l a6l +30 cm, -20 cm

Solution
it 1 1/f = (1/10) +(1/-20) + (1/30)
LI CR P Uf =1/12
f=12cm
5L P=1/12x 10-2 = 83 D.
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A 008 dadd) Guall dadal ol Al o) caale 13) Adand) S b Lag 3 Sa g daudl g B g gl LS
. 25 cm A8lesa a2y

Solution
i_1.1 1/25 + 1/S = 1/10
f s s 1/S=1/10-1/25=3/50
, , S =16.66cm
Mo _ S
h S

M = (25/16.66)= 1.5
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Solution
111 1/40 + 1/25 = 1/f
f s s 1/§=13/200
f=15.38 cm
1
f P=1/15.38x102 = 65 D.
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Solution

-(24/0.5)( 25/3) = M
M=400




