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Modern Optics, Prof. Ruiz, UNCA
Chapter F Homework Solutions. Thick Lenses

HW-F1. Front and Back Focal Lengths. Find the front focal length f, and the back focal length f,

interms of f,, f,, and d for the two-lens system below.
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SoZ = d _Sil

1 1 1 1
=—+——>— andwe have s, = f,.
1 Sil Sil

The object distance for the second lensis s,, =d —s,, =d — f,.

1 1 1

Substituting this s,, =d — f, into —=—+— gives
f2 S02 Si2

1 1 1
= +— with s;, now being the back focal length s,, = f, .
f, d-f s,
W t to sol L L +— for f
e want to solve — = — for f,.
f, d—f f °

i:(d_fl)_fz and fb: fz(d_fl)
f,  f,(d-f) d-f)-f,

f(d-1)
Ty f



http://doctorphys.com/

For the front focal length (SHORTCUT): Turn the system around so f, <> f,. Then
fid-1,)
At f,
For the back focal length (LONG WAY): start again with
1 1 1 1 1 1
< -t < -t Sozzd_sil'
fl Sol sil f2 Soz s|2
. 1 1 1 1 .
and take s, >« sothat s, —» f,.Using s,, >0, —=—+——>— with s, = f,.
f2 S02 Si2 Soz
But s,, =d —s,, . First substitute s,, = f, in s, =d —s,,.

Then f,=d-s, and s; =d - f,.

1 1 1
We can substitute into — = —+ — the two replacements s, = f; and s, =d - f,.

1 Sol Sil
1 1 1
—=—1
f, f, d-f,
1t 1 1
fo f, d-f,
i (d_f )_fl
f, f,(d-1f,)
1 d-f,-f ERACERM]
f, f(d-1,) 'od-f -,
. _ fz(d_ fl) _ fl(d — f2)
Summary: b —d Y and rTgo s .
| | _fy(d—nf) _ fi(d-nf,)
For a thick lens, in the text: d-n(f,+f,) and| f 4 —n(f +f,)/

Let n =1 and you get our formulas, which makes sense since air separates our effective surfaces.




HW-F2. Effective Focal Length. Find the effective focal length f intermsof f, f,,and d .
S, (to object) «——

——» s (to image)
|| f
—f——fi—  FH— F
] F1 F’1 FZE F,2 |
ff : fb
f f
| |
d
1 1 1 S.
—_—t — = — M=-—-—1L
So si So
1 1 1 1 1 1
_t — = — _t — = —
ol Sil fl SoZ Siz f2
S S.
|\/|1 — il M , = _ iz
S01 S02
S. S S, S S.
M=MM=__|1_|2=|1 i2 M:__|
12 { 501}{ 502:| S, S, must match s,
1 1 1
In general S_+ S_ T Solve for S; .
S, +s 1
S, S f



fs, + fs, = s_s;

fs, =s.(s,— f)

To find the effective focal length take Sy; —> © in S_ + S_ = T .Then S;; = ..

S, =d—s, >d—-1

f.s

S = 202
From “i2 — f
SoZ - 2

S _h@-1) _ f(d-f)

S, =
* s, —f, (d-f)-f, d—(f+f)

02

To keep our bearing, we summarize the parameters. For large S,, Sy; = S, .

So1 = Sy Sy =T, So, =d — 1, ;=1
M _LS'_Z__i _ :
Then - - , with the above values gives
ol S02 So
iSI_Z_L i for the left sid d_i__if h ht sid
- or the left side an - or the right side.
So1 So2 S d-— fl So So
f. s f S.

: S ) VA f_Si2 __f
Putting these together, s, d— f1 S , sSimplifying to "1 d—_f .

0 1



s, f(d—f)
The result f1 d— f1 =—f leadsto Siz — f1 .
S, = f2 (d _ fl) oS = _M
We need our former formula *i2 d — ( f1 + fz) and use it with *i2 f1 .

fz(d_ fl) _ f(d — fl)
d—(f,+f,) f,

f(d-f)f,
d_(f1+ fz)

—f(d-f,)

The (d - fl) factors cancel.

f2f1 _
d_(f1+ fz)

. f11:2
d_(f1+ fz)

f f

1°2

f—
(f,+f,)-d

f f
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f,+f,—d




