Solve equation chapter one
Q

1.4 If the refractive index for a piece of optical glass is 1.5250, calculate the speed
of light in the glass. Ans. 1.9659 x 108 m/s

Solution:

c 3x 108

n=-= =1.9672 * 10 8 m/s
v v

1.5 Calculate the difference between the speed of light in kilometers per second in
a vacuum and the speed of light in air if the refractive index of air is 1.0002340.
Use velocity values to seven significant figures.

Q15

Solution:

c= 2= L32KMm _ 3994 105 km /s
t 1/180005

C=3*10%ml/s

C
n=-

v
1.000234= 312

4

C=299931.01586635= 2.99931015 x 10°> km/s

1.6 If the moon's distance from the earth is 3.840 x 105 km, how long will it take
microwaves to travel from the earth to the moon and back again?

QL6

Solution



C=dn

_3.84x10%km
3%105 km/s

2t= 2.56 sec.

QL7

Solution:

1 min =60 sec.

————=2t=1.28 *2 secC

c
n=-
v

d
v=?=1.5* 108 km

,_d_15x10°
_17_ 3% 105 = sec.

=8 min 20 sec.

1.8 A beam of light passes through a block of glass 10.0 cm thick, then through
water for a distance of 30.5 cm, and finally through another block of glass 5.0 cm
thick. If the refractive index of both pieces of glass is 1.5250 and of water is
1.3330, find the total optical path.

Q18

Solution:

Oplel + A2 + A3 - n1d1 + nzdz + n3d3

=1.525*10 cm + 1.333*30.5 + 5*1.525= 63.5315 cm

1.9 A water tank is 62.0 cm long inside and has glass ends which are each 2.50 cm
thick. If the refractive index of water is 1.3330 and of glass is 1.6240, find the
overall optical path.



OpI:A]_ + A2 + A3 = n1d1 + nzdz + Tl3d3

=2.5%1.624+62 *1.333+2.5*1.624
=90.766

1.11 A ray of light in air is incident on the polished surface of a block of glass at an
angle of 10°. (a) If the refractive index of the glass is 1.5258, find the angle of
refraction to four significant figures. (b) Assuming the sines of the angles in Snell's
law can be Replaced by the angles themselves, what would be the angle of
refraction? (c) Find

the percentage error.

Q111
Solution
n,sinf; = n,sin6,
1 *sin10° = 1.5258 sin 6,
Sin 6, = 0.113807955
6, = 6.53487°

o7
¢i‘

2=

b)
10 1.5258

@' 1

@' =6.5539°

6.5539-6.5348
6.5539

ERROE=100% *

0.29 %
Q1.13



n,sinf; = n,sin6,
1*sin 54 = 1.5152 sin 6,
Sin 6, = 0.53393

1.13 Aray of light in air is incident at an angle of 54.0° on the smooth surface of a
piece of glass. (a) If the refractive index is 1.5152, find the angle of refraction to
four significant figures. (b) Find the angle of refraction graphically. (See Fig.
P1.13).

Ans. (a) 32.272°, (b) 32.3°

Q1.4

Solution:

n="<= 3"V1°8 =1.9672 * 10 & m/s




Q15

Solution:

d_ L73%km _ 3124 105 km /s
t  1/18000s

C =
C=3*108m/s

c
n=-
v

3%10°
v

C=299931.01586635= 2.99931015 x 10°> km/s

1.000234=

Q1.6
Solution

C=d/t

«105
=380k ——==91— 1 28 *2 sec

" 3%105 km/s

2t= 2.56 sec.

Q1.7

Solution:

c
n=-
v

d
v=?=1.5* 108 km

_d_ 15100
v 3w105 0T

1 min =60 sec. =8 min 20 sec.



Q1.8

Solution:

Opl=A1 4+ A2 + A3 = nyd; + n,d, + nsd;
=1.525*%10 cm + 1.333*30.5 + 5*1.525= 63.5315 cm
1.9

A water tank is 62.0 cm long inside and has glass ends which are each 2.50 cm
thick. If the refractive index of water is 1.3330 and of glass is 1.6240, find the
overall optical path. (2-marks)

OpIZA]. + AZ + A3 = n1d1 + nzdz + n3d3

=2.5%1.624+62 *1.333+2.5*1.624
=90.766

Q111
Solution
n,sinf; = n,sin6,
1 *sin10° = 1.5258 sin 6,

Sin 6, =0.113807955

0, = 6.53487°
¢ n
¢ n

b)



10 1.5258

@' 1
@' = 6.5539°

6.5539—-6.5348
6.5539

ERROE= 100% *

0.29 %
Q1.13

n,sinf; = n, sin6,
1*sin 54 = 1.5152 sin 6,
Sin 6, = 0.53393

1.12 Find the answers to Prob. 1.11, if the angle of incidence is 45.0° and the
refractive index is 1.4265.

PROBLEMS



Q1: Aray of light is incident on a piece of glass at an angle of 45.0°. If the angle
of refractionis 25.37°, find (a) the refractive index and (b) the critical angle. (c)
Solve (b)graphically (See Fig. P2.1). Ans. (a) 1.6504, (b) 37.30°, (c) 1.650 and
37.3°

Solution :
a) ny;sin@; =n,sin@’.
1 * sin45° = n, sin 25.37°
sin45° 0.707106

_ — = 1.65034
"2 = §in2537° 042846

b) sinf,. = n—lsm 0; > a) nysin@; =n,sin@’,
2

1
0, = sin‘116505 sin90° -» = 0.6058

0. =3729° = 373°

?

FIGURE P2.1
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Q2: Calculate the lateral displacements of rays of light incident on a block of glass
with parallel sides at the following angles: (a) 5.0°, (b) 10.0°, (c) 15.0°, (d) 20.0°,

(e) 30.0°,and (f) 40.0°. (g) Plot a graph of versus ®@. Assume the glass thickness to
be 5.0 cm



Solution:

a) 5°
d=tsing [1— L
n, sin@; = n,sin@’..
1* sin5° = 1.5 sin @',
sin@’ = 1SN 0.0581
1.5
@' = 3.3307°
J—csi 50[1 1cos®]
— oS 1.5 cos®’
d=cs 50[1 1 cos5°
— s 1.5 c0s3.3307
~d=0.1417 cm
~d=1417 mm
b) 10°
d=tsin® [1 — %CCZSS;,

n, sin@; = n,sin@’..
1% sin5° = 1.5 sin @',



1*sin 5°

sin@’ = T 0.0581
@' = 3.3307°
d = 5 sin 10° [1 1 C0510°]
— s 1.5 c0s6.65°
oo [4_ L 09848
- oS [ 1.5 0s3.3300.9933
~d=0.2943 cm
o~ d=2944 mm
c) 20°
d=tsin® [1 - i,cosw
n’ cos@r
n, sin@; = n,sin@’..
1% sin20° = 1.5 sin @',
sin@’ = 229 2280

0’ =13.18°
J =  sin 20° [1 1 cos20
- 2sm 15c0513.18
d = 0.6098

~d=61mm
d) 30°



4= tsing [1- 10
n’ cos@r
n,sin®, = n,sin@’..
1% sin30° = 1.5 sin @,
sin @’ = X220= 0,94281
@' =19.47°
d = ssin20° |1 1 cos30°
— oS 1.5 c0s19.5°
d =0.203cm
~d=203mm
e) 40 °
d=tsin® [1 - i,cosw
n’ cos@r
n, sin@; = n,sin@’..
1* sin20° = 1.5 sin@’,.
sin@’ = ~“220= 0.42853

@' =25.374°

1 cos40°
1.5 co0s25.374°

d = 5sin40° [1—



d =1.3943 cm
~d=14cm

.Q3: A 55.0° prism made of dense flint glass is used at an angle of incidence of ¢1
= 60.0°. Using the refractive index for D light given in Table IA, find (a) the angle
of deviation 4 at the first surface, (b) the angle of deviation vat the second surface,
and (c) the total

deviation by the prism.
Solution:
Table Dlight n=1.6705
B = @, — @' ,angle of deviation

n, sin @; = n, sin @’

FIGURE IH
The geometry of a light ray ifraversing a
prism at minimum deviation.

1#sin60 = 1.6705sin @',

0866
SN0’y = 175705
sin@’; = 0.518
@', = 31.226°
a) p=0,—0"
= 60°— 31.266°

B =28773°



b) The angle of deviationy = @, — @'

@1’ = (Z),z
A=) +0', - 55 —31.226° = @',
@', = 23.774°

n, sin@, = n, sin@’,
1 *sin@, = 1.6705sin 23.774 °
sin®, = 0.67342° - @, = 42.3322°

y= 0,—0", =42.3322°—23.774°
y = 18.55
C) 6, = B +y=47.3316°

Q4: A 45.0° flint glass prism has a refractive index of 1.6705 for sodium yellow
light, and it is adjusted for minimum deviation. Find (a) the angle of minimum
deviation and (b) the angle of incidence. (c) Solve graphically.

Solve problem 2.7
Dmord =4An—-1)
=(1.6705-1)*45

=30.1725
=30.2°0
b)i = anrA _ 30.22+45 — 3760

Q5: A 60.0° prism produces an angle of minimum deviation of 43.60° for blue
light. Find

(a) the refractive index, (b) the angle of refraction, and (c) the angle of incidence.

Solution



n _sin (6, + o) _ b + &
n sin da @
8= — a
) Thin prism in air
sin(43.6 + 60) _
, 2 _ sin51.8° 15717
A (@) ~ sin30°
2
=1.572
b)  The angle of refraction
A=2r
=60°

r=A/2=60/2=30°
c)  Theangle of incidence
0=21—-A or Dm

21=0+tA
S+A _ 43.6+60
2

i = = 51.8° the angle of incidence

PROBLEMS

3.1 The left end of a long glass rod of index 1.6350 is ground and polished to a
convex spherical surface of radius 2.50 cm. A small object is located in the air and
on the axis 9.0 cm from the vertex. Find (a) the primary and secondary focal
lengths, (b) the power of the surface, (c) the image distance, and (d) the lateral
magnification.

Ans. (a) +3.937 and +6.43cm,(b) +25.40D,(c) +11.44cm,(d) -0.777



e
%]

Figure 1 >
-
-
e o
-
-
B>
< f > \
n ny,—nq
a) F = R
1 _ nz - 1
f R
1 = r
f B n, — 1
2.5
fl = m = +3.937 cm

2)the secondary focal length
n, mnp—1

f R
1.635 1.635— 1
25
1.635  0.635
f, 25
np,—1 _ 1.635—1

1 —
b) the power of the surface p = T TR T oos

¢) c¢) the image distance

n n'_ n'-n

S S

! T

1 1.635 1.634-1
- _|_ -
9 s/ 2.5

= 2540 cm



1.635__ 1.635—-1 1

S/ 2.5 9

S’=+11.443 cm

(d) The lateral magnification
s'—r

S+r

1144 -2.5

M= 1144+ 25

8.943

1392 071

m =

3.3 The left end of a long plastic rod of index 1.530 is ground and polished to a
convex spherical surface of radius 2.650 cm. An object 2.50 cm high is located in
the air and on the axis 16.0 cm from the vertex. Find (a) the primary and secondary
focal lengths,

(b) the power of the surface, (c) the image distance, and (d) the size of the image,

Solution
a)l-
ng, nN;—n
fi R
1 153-1
fi 265
1 053
fi  2.65
fi1= +5cm

2) the secondary focal length
n, n,—1

f, R




153 1.53—-1 _ 0.53_

£ 2.65 2.65
fo =+ 7.65cm
1 _my—1_ 153-1
b) the power of the surface p = o R YT
1 _my—1_ 153-1 _ 053
P=%m "R 00265 00265

P=+20 Diopter

C) the image distance

n n_

n
-+ ==
S S f

1 . 1.53_ 1.53-1

16 N 2.65

1.53_ 053 1

N 2.65 16

S’=+11.12 cm

(d) the size of the image,
The lateral magnification

/

S —-r !
m= — :y—
s+r y

11.12 -2.65__yr

16+2.65 hY%

8.4772 _ yI
18.65 2.5

’=-1.136 cm



3.5The left end of a water trough has a transparent surface of radius - 2.0 cm. A
small object 2.5 cm high is located in the air and on the axis 10.0 cm from the
vertex. Find (a) the primary and secondary focal lengths, (b) the power of the
surface, (c) the imagedistance, and (d) the size of the image. Assume water to have

an index 1.3330.

Ans. (a) - 6.01 and - 8.01 em, (b) -16.65 0, (c) - 5.0 cm, (d) +0.938 cm

a) solution
a)l-
1 _ nz - 1
R
1 _ 1.33—-1
fi —2
1 _ 0.33
fi -2

f1= —6.01cm

2) the secondary focal length

Ny  MNp— My
f2 R
133 _ 133-1 _ 0.53_
fr -2 265
fo =—8.01cm
1 _mp—1_ 1333-1
b) the power of the surface p = TR T o0
OR p=—=-——1665D

f(m) 6.01

C) the image distance

n n'_ n

s s f



1.33__ 1.333-1
s/ -2

b)1—10+

1.33__ 0.33 1

s/ -2 10

c) §’=-5.001 cm

d)
(d) the size of the image,
e) The lateral magnification

) m=-—ST=2
s+r y
_ _5+2—L'
10-2 2.5
PROBLEMS

3.1 The left end of a long glass rod of index 1.6350 is ground and polished to a
convex spherical surface of radius 2.50 cm. A small object is located in the air and
on the axis 9.0 cm from the vertex. Find (a) the primary and secondary focal
lengths, (b) the power of the surface, (c) the image distance, and (d) the lateral
magnification.

Ans. (a) +3.937 and +6.43cm,(b) +25.40D,(c) +11.44cm,(d) -0.777

Figure 1 ™ Mz
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r

f1=

n, —1

2.5
fi= —=—== +3937cm

0.635

2)the secondary focal length
nz nz - 1

f, R
1.635 1.635— 1
25
1.635  0.635
f, 25

ny—1 _ 1.635-1

e) the power of the surface p = ——=
f) c) the image distance

n n_ n'-n

S S

fom) R 0.025

! T

1 1.635 1.634-1
- _|_ ol
9 s/ 2.5

1.635__ 1.635-1 1

S/ 2.5 9

S’'=+11.443 cm

(d) The lateral magnification

st
R
114425
M= T1144+ 25
8.943
m= —-0.71

1394

= 2540 cm



3.3 The left end of a long plastic rod of index 1.530 is ground and polished to a
convex spherical surface of radius 2.650 cm. An object 2.50 cm high is located in
the air and on the axis 16.0 cm from the vertex. Find (a) the primary and secondary
focal lengths,

(b) the power of the surface, (c) the image distance, and (d) the size of the image,

Solution
a)l-
ng, n;—n
fi R
1 153-1
fi 265
1 053
fi  2.65
fi1= +5cm

2) the secondary focal length
n, n,—1

/2 R
153 153—-1 _ 0.53_
f, 265 265
fo =+ 7.65cm
n,—1 153—1
b) the power of the surface p = —= —2— =
f(m) R 0.0265
1 _my-1_153-1 _ 053
P=%m "R 00265 00265

P=+20 Diopter

C) the image distance



" n
+S—7

w3
| S

1 . 1.53_ 1.53-1

16 Y 2.65

1.53_ 053 1

N 2.65 16

S’=+11.12 cm

(d) the size of the image,

The lateral magnification
,_

m = S r:y_r
s+r y

_ 1112 -2.65_y/

16+2.65 y

8.4772__ yr

18.65 2.5

Y’=-1.136 cm

3.5The left end of a water trough has a transparent surface of radius - 2.0 cm. A
small object 2.5 cm high is located in the air and on the axis 10.0 cm from the
vertex. Find (a) the primary and secondary focal lengths, (b) the power of the
surface, (c) the imagedistance, and (d) the size of the image. Assume water to have
an index 1.3330.

Ans. (a) - 6.01 and - 8.01 em, (b) -16.65 0, (c) - 5.0 cm, (d) +0.938 cm

g) solution

a)l-




1 033

i -2

f1= —6.01cm

2) the secondary focal length

n, nN,— ny

f2 R
133 133-1 _ 0.53_
f, =2 265
fo =—8.01cm
1 _my—1_ 1333-1
b) the power of the surface p = S YT
OR p=—=-——16.65D

f(m) 6.01

C) the image distance

n n_n

s s f

1 1.33 1.333-1
hy —+12=

10 N -2

1.33_ 0.33 1

S/ -2 10

i) $’=-5.001 cm

J)
(d) the size of the image,
k) The lateral magnification
s'-r_ y

) m= sy




Y=4+0.9375cm

Y’=+.938 cm

Y=4+0.9375cm

Y’=+.938 cm



4.1 An object located 12.0 cm in front of a thin lens has its image formed on the
opposite side 42.0 cm from the lens. Calculate (a) the focal length of the lens and
(b) the lens power. Ans. (a) +9.33 cm, (b) + 10.72 D

Solution
1 1 _ 1
u v f
uxv 42%12 504
Q) f= T - T = 19333cm
_ _ 100
b) P=—— (m) 5333 = 10.72 D

4.2 An object 2.50 cm high is placed 12.0 cm in front of a thin lens of focal length

3.0cm.
Calculate (a) the image distance, (b) the magnification, and (c) the nature of the

image.(d) Check your answers by a graph.

=» we draw the rays as though they refract at the center - this is OK for ‘thin’ lenses

optic axis

S S
Solution
a)
1 1_1
u v f
a) v= %= 13i23_ +32 = vaem
b) P—$= ==3333D



We know this lens is real, inverted and minimized

4.3 The two faces of a thin lens have radii'l =+ 10.0 cm and'2 = - 25.0 cm,
respectively. The lens is made of glass of index 1.740. Calculate (a) the focal length
and (b) the power of the lens.

Solution

L _m—nfl_1
f_(n l)("l "2)

1 =(1.74-1 1 1
f_( ' T —25)
1 1
- = (174 - 1)(E - TS)
1 1 1
? = (074)(E + 2—5)
1 25410 _ 25.9
o (0.74)( 250) )_250
1 35
f=9.65 cm
b) P=—— = —= =10.36D

f(m)  9.653

4.4 An object 3.50 cm high is located 10.0 cm in front of a lens whose focal length
f=- 6.0 cm. Calculate (a) the power of the lens, (b) the image distance, and (c) the
lateral magnification. Graphically locate the image by (d) the parallel-ray method
and (e) the oblique-ray method.

Solution



1 100

P=——— = — —=-16.66 D
8) P=—— 6.66
r ﬂ_le—6_ _@__
b) v = u+f 1046 16 3.75 cm
) v 3.75 0.375
com= ——= ——=0.
u 10
d)
Objec -
t = -..--'
T 3
25 e e ol 5
| P . Bl T :-
) 10 cm I -
I
Front mage Back
|
d)

4.5 An equiconcave lens is to be made of flint glass of index 1.750. Calculate the
radii of curvature if it is to have a power of - 3.0 D. Ans. Both 50.0-cm radius

Solution

P=(n—l)(—1~—l)
ri ra

-1 -1



4.6 A plano-convex lens is to be made of light flint glass of index 1.680. Calculate
the radius of curvature necessary to give the lens a power of 4.5 D

P=(n-1)(—1~—l)
ry r =0

1 1
p= (n—l)(ZZ;)

1.68—-1
p=—T——"

6]

45=22

T

ri=15.11 cm the radius of curvature

4.7 Two lenses with focal lengths f; = +5.0 cm and f, = + 10.0 cm are located 5.0
cm apart. If an object 2.50 cm high is located 15.0 cm in front of the first lens, find
(a) the position and (b) the size of the final image.

Ans. (a) +2.00 cm from second lens, (b) -1.0 cm

Solution



1 1 1

u; v fi

_Jfixu; _ 15x5
ul—fl 15-5

= +7—5= +7.5cm
10

Uyp=d—v, =5—-75= -25cm

= — = = 42

v

me-mima= (32 (32) = (35) (55)
y' _ —15
y  15x25
y _ 1
25 25
y'= —1cm

4.8 A converging lens is used to focus a sharp image of a candle flame on a screen.
Without

moving the candle flame a second lens with radii'l =+ 10.0 cm and'2 = -20.0 cm
and index 1.650 is placed in the converging beam 30.0 cm from the screen. (a)
Calculate

the power of the second lens. (b) How close to the second lens should the screen
now

be placed to obtain a sharp image of the flame? (c) Make a graph of this

experiment

4.48A converging lens is used to focus a sharp image of a candle flame on a screen. Without

moving the candle flame a second lens with radii'l = + 10.0 cm and'2 = -20.0 cm

and index 1.650 is placed in the converging beam 30.0 cm from the screen. (a) Calculate
the power of the second lens. (b) How close to the second lens should the screen now
be placed to obtain a sharp image of the flame? (c) Make a graph of this experiment.

4.9 A double-convex lens is to be made of glass having a refractive index of 1.580. If one

surface is to have twice the radius of the other and the focal length is to be +6.0 cm,
find the radii.



Solution

1. Ri=2R, p= 1/f(m) ~f=6cm
L R A

2. i (n 1)(R1 Rz)
1_ e L

3. o= (1.58 1)(2R2 + Rz)

R2=5.22 cm, R1=10.44 cm

Ri=2R; =2*3.9

Ri=7.8 cm

4.10 Two lenses having focal lengths f1 = 4+9.0 cm and f2 = -18.0 cm are placed 3.0 cm

apart. If an object 2.50 cm high is located 20.0 cm in front of the first lens, calculate
(a) the position and (b) the size of the final image.

Solve problems

Q1: An object located 12.0 cm in front of a thin lens has its image formed on the
opposite side 42.0 cm from the lens. Calculate (a) the focal length of the lens and
(b) the lens power.

Solution
1 1 1
u v f
) f= =222 42— 19333cm
u+v 42+12 54
d) P=—— = —> =10.72D

fim) ~ 9.333

Q2: An object 2.50 cm high is placed 12.0 cm in front of a thin lens of focal length
3.0 cm.Calculate (a) the image distance, (b) the magnification, and (c) the nature of
the image.(d) Check your answers by a graph.



=» we draw the rays as though they refract at the center - this is OK for ‘thin’ lenses

optic axis

s S
Solution
a)
1 1_1
u v f
d)vzfﬂz 2 = 2= t4em
u-f  12-3 9
1 100
e) P/———= —=33.33 D
3
f) f_()_Z__i__l
m= =32~~~ 73

We know this lens is real, inverted and minimized

Q3: The two faces of a thin lens have radii r, =+ 10.0 cm and r, = - 25.0 cm,
respectively. The lens is made of glass of index 1.740. Calculate (a) the focal

length and (b) the power of the lens.

Solution
I o nfl_1
f = g ("1 "2)

L_ . el 1

f_( 4= )(10_—25)
1 1

=174 - 1D (——-——

10 —25)



1 1
= (0. 74)(— +—

- 10 ' 25)
1 25+10 \ _ 25.9
r (0.74)( 250) )_250
L (074
f = )(250
f=9.65 cm
0) P=—— = =2 =10.36D

f(m) ~ 9653

Q4: An object 3.50 cm high is located 10.0 cm in front of a lens whose focal
length f= - 6.0 cm. Calculate (a) the power of the lens, (b) the image distance, and
(c) the lateral magnification. Graphically locate the image by (d) the parallel-ray
method and (e) the oblique-ray method.

Solution
- _ 10 _
b)Pf() 16.66 D
byv' = LL 106 _O_ _375cm
T u+f 1046 16
_ 1]_3.75_0375
cym= ~=70 -

Object goaico S e

d) - B f T\\



Q5: An equiconcave lens is to be made of flint glass of index 1.750. Calculate the
radii of curvature if it is to have a power of - 3.0 D.

Solution
P=(n—l}(—1~—l)
rp I
-1 -1
3= (175 1) (— - —)
5x 2 T
—0.75x
3= —— r=05mM oy '=50CmM
T
Oh|ject \T
. Image ~ =
¢

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

Q6: A plano-convex lens is to be made of light flint glass of index 1.680. Calculate
the radius of curvature necessary to give the lens a power of 4.5 D

P=(n—l}(—1~—l)
ry, r

1 1
p= (n—l)(EZ;)

_168-1

p= "



45=22

T1

ri=15.11 cm the radius of curvature

Q7: Two lenses with focal lengths f; = +5.0 cm and f, = + 10.0 cm are located 5.0
cm apart. If an object 2.50 cm high is located 15.0 cm in front of the first lens, find
(a) the position and (b) the size of the final image.

Solution
1 1 1
u; fi
V11 han 1% 75 L75em
ul—fl 15-5 10

faxu;  10x—25 +25

_ = = 42
V2= W~ f T —25-10 —125

;: 15x 2.5
y'_ -1
2.5 25

y'= —-1cm

Q8: A converging lens is used to focus a sharp image of a candle flame on a
screen. Without moving the candle flame a second lens with radii r; = + 10.0 cm
and r, = -20.0 cm and index 1.650 is placed in the converging beam 30.0 cm from
the screen. (a) Calculate the power of the second lens. (b) How close to the second
lens should the screen now be placed to obtain a sharp image of the flame? (c)
Make a graph of this experiment



4.10 Two lenses having focal lengths f; = +9.0 cm and f, = -18.0 cm are placed 3.0
cm apart. If an object 2.50 cm high is located 20.0 cm in front of the first lens,
calculate (a) the position and (b) the size of the final image. (c) Check your
answer graphically.

Solution:
1,1 _1
So1 S,il fi
Q)s'y =2 = 220 — L 180 4 16363cm
SOl_fl 20-9 11

So2 =3 —16 =3 —-16.363 = —13.363 cm

The position of the final image

foxs —-18 x—13.636 +240.545
s, = =2 = = = +51.875 cm
Soz2— fa -13.636+18 4.637

_(=siy ~stin\ _ [(—16.363 —-51.875
Mme=mym;= - _
So1 So02 20 13.636

(b) The size of the final image

Y _ —3.1124
y
yl
— = —3.1124
2.5

y'= =7.781 cm

4.11 A lantern slide 8.0 cm high is located 3.50 m from a projection screen. What
iIs the focal length of the lens that will be required to project an image 1.0 m high?

4.12 An object is located 1.60 m from a white screen. A lens of what focal length
will be required to form a real and inverted image on the screen with a
magnification of - 6.0?



Ans. 19.59 cm

. .1 1 1
Thin lens equation is— + — = —
Up Vi f

1.6 — x
X

The distance of object u, = x = 0.2286 m

The distance of image v; = 1.6 —x = 1.3714 m

D 1
x(D—x) ]7
1.6 1

0.2286(1.3714) f

~ f=01959m = 19.59 cm

4.13 Three thin lenses have powers + 1.50, - 2.80, and 3.40 D, respectively. What
are all the possible powers that can be obtained with these three lenses using one,
two, or three at a time in contact?



4.14 Two thin lenses having the following radii of curvature and index are placed
in contact. For the first lens ry =+ 12.0 cm r, =-18.0 cm, and n = 1.560, and for the
second lens r; =-30.0 cm, r, = +20.0 cm, and n = 1.650. Find their (a) individual
powers, (b) combined power, (c) individual focal lengths, and (d) combined focal
length.

Solution:
P=lfn—l)(;l——rl)
a) 1 2
1— P, =(156—1 1 1
1= (@ )(0.12 ( 0.18)
P,=7.78D
2— P, =(1.65—-1 1 1
2= (1 )(0.3 (0.2)
P,=-5.41 D
P=P+P,

P =+ 2.361 Diopter

4.15 An object 2.50 cm high is located 15.0 cm in front of a lens of + 5.0 cm focal
length. A lens with a focal length of -12.0 cm is placed 2.50 cm beyond this
converging lens. Find (a) the position and (b) the size of the final image.

Ana. (a) +8.57 cm, (b) -2.143 cm

4.16 An object 2.50 cm high is located 8.0 cm in front of a lens of - 2.40 cm focal
length. A lens of + 5.0 cm focal length is placed 1.50 cm behind the first lens. Find
(a) the position and (b) the size of the final image

1 1 1

+ —=—=
So1 S'iq fi

g = - 220 10— 116.363cm
SOl_fl 20-9 11




Sop =a—5;=5—-75= —-25cm
The position of the final image

r_ faX S0z —-18 x—13.636 __ +240.545

Si27 T r T Tizeseris | ae3r +51.875 cm

_(-Ss1 ~stiz\ _ (—16.363 —-51.875
me=mymyp= B _
So1 So02 20 13.636

(b) The size of the final image

~

—3.1124

<=

= —3.1124

N
&

y'= =7.781cm

4.17 Three lenses with focal lengths of +8.40, -4.60, and +6.20 cm, respectively,
are located one behind each other in this order and 2.0 cm apart. (a) If parallel light
Is incident on the first lens, how far behind the third lens will the light be brought
to a focus? (b) Draw a scale diagram.

4.18 An object 3.50 cm high is located 8.0 cm in front of a lens of -7.0 cm focal
length. A lens of +4.50 cm focal length is placed 3.5 cm behind the first lens. Find
(a) the position and (b) the size of the image. (c) Make a diagram to scale

1 1 1

+ —= =
So1 S'iq fi




XS —7x8 180
s'in =f1¥%1 = +— = —3.733cm

Soi—fi  8+7
Sgz =a—5";; =3.54+3.733 = 7.233cm
The position of the final image
1 faxSo2 __ 45x7.233 _ +32.5485

Si2% T r T 7233-45 2733 +11.91 cm

Mo T T = (— S’il) ( —sriz) _ (—11.91) (3.733)
=" So1 So2 7.233 8

(b) The size of the final image

~

Y _ —0.7683
y
yl

= —0.7683
3.5

y'= —2.68cm

4.7 Two lenses with focal lengths f; = +5.0 cm and f, = + 10.0 cm are located 5.0

cm apart. If an object 2.50 cm high is located 15.0 cm in front of the first lens, find
(a) the position and (b) the size of the final image.

Ans. (a) +2.00 cm from second lens, (b) -1.0 cm



L Lz
Solution
1 N 1 1
So1 S’il fi
1 _fixso1 __ 15x5 7_5 _
7= o5 t = +7.5cm
Sop=a—5S;=5—75= -25cm
The position of the final image
7 _ fzxsoz _ 10 x-2.5 _ +25 _
Si2= T r T Tis10 . —1z2s +2 cm

memim= (52) (52) = (55) (55)
t= 1 2 So1 So2 15 —-2.5

(b) The size of the final image

y'  —15
y  15x2.5
y' -1
2.5 25
y'= —1cm

Q 4.9 A double-convex lens is to be made of glass having a refractive index of
1.580. If one surface is to have twice the radius of the other and the focal length is
to be +6.0 cm, find the radii.

Solution



Ri1=2R, p= 1/f(m) ~f=6cm
= (' - DG~ )

4.

5,
1 1

6. 7= (158~ DGz + 3)

IR |k

R2=5.22 cm, R1=10.44 cm
R1=2R; =2*5.22

R:=10.44 cm

4.11 A lantern slide 8.0 cm high is located 3.50 m from a projection screen. What
Is the focal length of the lens that will be required to project an image 1.0 m high?

Solution
1+ 1 B 1
s s f
S, yl
m= —— = —
s Yy
s’ _1m
3.5m 0.08m
S’ =-43.74
B s'xs
Cos—5'

—43.75x0.08 m *x m
0.08 — (—43.75)m




3.5m

~ 43.83
f=0079m
f=798cm

4.13 Three thin lenses have powers + 1.50, - 2.80, and 3.40 D, respectively. What
are all the possible powers that can be obtained with these three lenses using one,
two, or three at a time in contact?

Solution

P= p1+p2+ps
=+15-28 +34
P-2.1D

4.15 An object 2.50 cm high is located 15.0 cm in front of a lens of + 5.0 cm focal
length. A lens with a focal length of -12.0 cm is placed 2.50 cm beyond this
converging lens. Find (a) the position and (b) the size of the final image.

Ana. (a) +8.57 cm, (b) -2.143 cm

Solution
1 N 1 1

So1 Slil fi

=l = IS T8 g5,
501—f1 15-5 10
S, =a—S;;=25—-75= -5cm
The position of the final image
-12x-5  +60
s'iz = fo¥ S > = = +8.57 cm
So2— f2 —5+12 7

_ (S _S,iZ _ -7.5 —-8.57
Mp MyM,= = -
So1 So2 15 5



(b) The size of the final image
y'  —64.275

25 75

y' = —2.1425cm

The properties of the final image is inverted real and minimized

4.17 Three lenses with focal lengths of +8.40, -4.60, and +6.20 cm, respectively,
are located one behind each other in this order and 2.0 cm apart. (a) If parallel light
Is incident on the first lens, how far behind the third lens will the light be brought
to a focus? (b) Draw a scale diagram

Solution:

1114
f-h f Af
1 1 d

1
FT 84 T46 B4r—46

F system = '21.5 Cm

11 N 1 2
frina —215 62 —215%6.2
f final optical system = + 7.7 CM




D =2cm

b— =k —

PROBLEMS

5.1 An equiconvex lens located in air has radii of 5.20 cm, an index of
1.680, and a thickness of 3.50 cm. Calculate (a) the focal length and (b)



the power of the lens. Find (c) the distances from the vertices to the
focal points and (d) the principal points.

Ans. (a) +4.43 cm, (b) +22.59 D, (c) A1F =-3.222 cm, and AoF = +3.222
cm, (d) AiH =+ 1.206 cm, and AoH" =-1.206 cm

Solution:

a)
1 . _ 1 " 1 . (n—l)t
== DGt~ urr)

1

B B 1, 1 (1.68-1)%3.5
- = (168~ )5

~5.2 1.68*—5.2*5.2)

F=+4.43cm

b) P= 1/f(m)
=+2257D

c)
1- first focal point A F, = —f (1 B fL)
2’

n n—-n

fi T
1.68 _ 1.68—-1
f, =52
2- second focal point  A,F, = +f (1 - fi/)
1




1.e8 1.68-1

fi 5.2

t
f
A Fy = +3.222 cm

d) The principal points.
t
1 — first principle point A{H, = f —

f2
AH = 443 —2
YT 1284
A{H; = 1.2068 cm
2 — second principle point A,H, = — F
1
2.
second principle point A, 3 12847

A,H’’=-1.2068 cm



5.3 A plano-convex lens 2.80 cm thick is made of glass of index 1.530.
If the second surface has a radius of 3.50 cm, find (a) the focal length of
the lens and (b) the power of the lens. Find the distances from the
vertices to (c) the focal points and (d) the principal points.

Solution: anther Method

lz(n—l)(1+1 _(n—l)t)

f R1 R2 anRZ

1 _ 1, 1 (1.53-1)%238
r (153 -DGHr; 1.53*00*—3.5)
f=- 6.605cm

b) P= 1/f(m)

=-15.44D

c) 1 — first focal point

AF, = g4 oD
1Fir= —f "R,
(153 — 1) * 2.8

=-4.7733 cm
2 — the second focal length

A,F,or A,F'" = f (1 _ (Tl—l)t)

an

n—1)t
AyF, = f<1 ~ )




d) The principal points.

1-  The first principle point hy or At Hi or

_ -1
AirH=-f R,
_ (1.53-1)%2.8
At H=-6.603 153, 35
hior A H: or A1 H=1.8298
=1.83 cm
2-h2 The second principle point h: or A2 Hz or
Ao H’=—f (n71)t
LA %

H2 or A2 H2=0

Secondary

Figure 2. Primary and secondary principal planes of a thick lens. A; and A; are the
vertexes.

5.5 A glass lens with radii r = +2.50 cm and r, = +4.50 cm has a
thickness of 2.90 cm and an index of 1.630. Calculate (a) the focal
length and (b) the power of the lens.



Find the distances from the vertices to (c) the focal points and (d) the
principal points.

Ans. (a) +5.73cm,(b) +17.46D,(e)A1F=-7.163 cm, and A,F = +3.162cm,
(d) AiH =-1.433 cm, and A;H" = - 2.568 cm

5.7 A glass lens with radii =+ 6.50cmand r, =+ 3.20 cm has a
thickness of 2.80 cm and an index of 1.560. Calculate (a) the focal
length and (b) the power of this lens in air. Find the distances from the
vertices to (c) the focal points and (d) the principal points.

11, (L56-1)s2. 8‘
) (1 560- 1) 3.2 + 1.56%6.5%3.2

F=-16.207 cm

b) the power of this lens in air

P= P= 1/f(m)= -6.223 Diopter
c) 1 — first focal point

AF, = L
1Fir= —f "R,
(1.56 — 1) * 2.8

A{F;=+21.2925 cm

2 — the second focal length

AF, or A,F'" = f(1 _M>
nRk4
A,F, = —16.207 (1 _ (156~ 1)2'8>
1.56 * 6.5



A,F, = —13.7008 cm

d) The principal points.

1-  The first principle point hy or At Hi or

AL H = _f (n—-1)t

nRz

_ (1.53-1)%2.8
ArH=—-(—-16.603 T

hior Ai Hior Al H= 1.8298

=1.83 cm
2-N2 The second principle point hy or A2 Hz or
n—-1)t
A H’= —f( )
g0

H2 or Ao H2-o °

5.9 A thick lens with radiir = - 4.50 cm and r, = - 3.60 cm has a
thickness of 3.0 cm and an index of 1.560. Calculate (a) the focal length
and (b) the power of the lens.

Find also the distances from the vertices to the corresponding (c) focal
points and

(d) principal points.



Ans. (a) + 14.64 cm, (b) +6.83 D, (c) ALF = -10.26 cm, and A2P" = +
18.14 cm,
(d) A1H = +4.38 cm, and A2H" = +3.502 cm

Lyt Ly gy
f_ (n 1) R1 Rz + anRZ

where R; and R, are the radii of the first and the second surfaces.

d:thickness of lens. Fig 2

Primory Secondary
/ principol / principol
‘ plone ¥ plone

Figure 2. Primary and secondary principal planes of a thick lens. A; and A, are the
vertexes.

Step 2: The focal points

The first focal point AFy = — ll ' (n_Rl)dJ
2

The second focal point  A,F,"" = — ll (n_Rl)dJ
1




Step 3: The principal points

The first principal point

(n—1)d

A1H1= - f nRz

PROBLEMS

6.1 A spherical mirror has a radius of - 24.0 cm; An object 3.0 cm high
Is located in front of the mirror at a distance of (a) 48.0 cm, (b) 36.0 cm,
(c) 24.0 cm, (d) 12.0 cm, and (e) 6.0 cm. Find the image distance for
each of these object distances.

Ans. (a) + 16.0cm, (b) + 18.0cm, (c) + 24.0 cm, (d) + 12.0 cm, (e) -
12.0 cm

Solution
1 1 1 T —-24
1,1 1
48 v 12
_usf _ 4812 576
VEUZF T 18-12 36
1 1 1 -24 —24
D)y +y=70f=-5=-(5)=+12em
1 1 1



<
I
I
I
I
+
—
(0e]

u— 36 —12 24
1 1 1 T —24
1+1_1
24 v 12
_u*f__24*12_288_+24
VTUSf T 24-12 12
d) u=12 ;since f=12
1_+1 1 r (—24) 12
— —_ = — = —-— = - — ] =
u v f / 2 2 o
1+1_1
12 v 12
Cuxf  12x12 144
VLS F 12-12 0
1 1 1 T —24
1+1_1
6 v 12
uxf 6*12_72

v

u—f 6-12 -6 cm

6.3 A spherical mirror has a radius of - 15.0 cm. An object 2.50 cm high
is located in front of the mirror at a distance of (a) 45.0 cm, (b) 30.0 cm,
(c) 15.0cm, (d) 10.0 cm, and (e) 5.0 cm. Find the image distance for
each of these object distances.

Solution
1 1 1
a) ” +-= F A f

v

I
|
|
I
|
|
N—
I
+
~
U1
Q
3



_uxf  7.5%45 _337.5__I_9
“u—f 45-75 375 M

1+1_ 1
30 v 7.5
_uxf 75%30 225 10
VEU—F 30—-75 225 ‘om
1 1 1 r —-15
1+1_ 1
15 v 7.5
Cusf 7.5*15_112.5_+15
VCu—f 15-75 75 M
1 1 1 r —-15
1+1_ 1
10 v 7.5
VTu=f T 10-75 25 o
(e) 5.0cm
1



ux*f 755 375
= = = —15cm

VTuW—F 5-75 -—25

6.5 The radius of a spherical mirror is + 18.0 cm. An object 4.0 cm
high is located in front of the mirror at a distance of (a) 36.0 cm, (b)
24.0 cm, and (c) 12.0 cm. Find the image distance and image size for
each of these object distances.

Ans. (a) -7.20 cm from vertex and +0.80 cm high, (b) -6.55 cm from

vertex and + 1.092 cm high, (c) - 5.40 cm from vertex and + 1.712 cm
high.

Solution
a) 36 cm
1+ 1 T (18) 9
—_ —_—= — & == —|— )= —
u v f f 2 2 cm
1 1 1
36 v -9
_uxf =936 -—324 75
YTu—F 36+9 45 e
—(—7.2 ! !
m=¥=+0.2 o=l =2
36 y 4
y’=0.8
b) u=24 cm



1,1 _1
24 v -9
_uxf  —9x24 =216 6545
VTU—F 24+9 33 °oomm
—(—6.454 Ty
m=_. ) 40272 o= LY
24 y 4
y’=1.092
C) u=12 cm
1+1 1 T (18) 9
—_ —_—= — = = —|— )= —
u v f f 2 2 cm
1+1_ 1
12 v -9
_uxf =912 -108 & 1428
VT U—f T 12+9 21 oreeem
—(—5.1428) y' oy
= = 404285 o= — =
m 12 * CT T

y’=+1.71428 cm

6.7 The radius of a spherical mirror is + 8.0 cm. An object 3.50 cm high
iIs located in front of the mirror at a distance of (a) 16.0 cm, (b) 8.0 cm,
(c) 4.0 cm, and (d) 2.0 cm.

Find the image distance and image size for each of these object
distances.

Solution
a) u=16 cm



1+1 1 T (8) 4
— —_ = — & = —— = —|—] = —
u v f f 2 2 o
1,1 1
16 v —4
_uxf —4x16 —64 37
VT u—f 16+4 20 e
—(—3.2) y
16 ° 0T 5735
y’=0.7 cm
b) u=8 cm
1+1 1 T (8) 4
—_ —_= — = = —|—-] = —
u v f / 2 2 cm
11 1
8 v —4
_u*f_—4*8_—32_ 2 6666
VT U—F 8+a 12 _evoeoem
—(—2.666) y' oy
= = 40.3333 = —=—
m 8 * Ty T35
y’=1.1666 cm
c) u=4cm



T
Cuxf  —4x4 —16 ,
YTUu—F 4+4 g ™
—(=2) y' oy
= = +0.5 o= —=—
4 T 5 T35
y’=1.75 cm
d)u=2cm
1+1 1 T (8) 4
— —_ = — & = —— = —|—] = —
T FO T3 2 ‘o
1+ 1
2 v —4
M A2 T8 3333
VEU—FT 244 6 oueem
v —(—1.3333) y' oy
= ——= = +0.66666 &= — = —
m u 2 * - y 35
y’=2.333 cm

6.9 A concave mirror is to be used to focus the image of a tree on a
photographic film 8.50 m away from the tree. If a lateral magnification
of -1/20 is desired, what should be the radius of curvature of the mirror?
, Ans. - 85.2 cm



Solution:
Concave Mirror f = -r/2

u=8.5m
v 1_ %
m= 20 85m
_ _ r
v=f = >

v=f=425cmeor=-2f =—-2%x425=—-85cm

6.10 A thin equiconvex lens of index 1.530 and radii of 16.0 cm is
silvered on one side.

Find the (a) focal length and (b) power of this system if light enters the
unsilvered side.

Solution:
n n' —n
f r
1 B 1.53 -1
f 16
f =30.1886 cm
P, = - = 3.3125D
| TR T
p, = —2n’_-2+1.53+100 _ +19.125 D
r2 —-16
P=2P;+P,

= 2*3.3125+ 19.125

P=25.75 Diopters



P= 1/f(m)
f=1/p = 1/25.75 m=3.884 cm

6.11 A thin lens of index 1.650 has radii' r1 = + 5.0 cm and r, = -15.0 cm.
If the second surface is silvered, what is (a) the focal length and (b) the power
of the system?

Solution
) e - D - )
a) —=(n-— ———
f rn n
= (1.65—-1 1+ 1
f=57cm
Y P, — n’—n_1.65—1_ 113D
)P = rn 005
—2n'_-2%1.65%
P, = o +22D
P=2P;+P,
=2*13+ 22

P=48 Diopters



6.12 A thin lens of index 1.720 located in air has radii r1 = - 6.0 cm
and r; =) -12.0 cm. If the second surface is silvered,
what is the power of the system? Use the special-case formulas (6q) and (6r).

b) P, = —= —12D
, ) Py —.06
p,= 22172 19866 D
r2 -0.12
P=2P1+P;

= 2*-12+ 28.66= -24+28.66

P=4.66 Diopters

6.13 A thin lens with a focal length of + 10.0 cm is located 2.00 cm in
front of a spherical mirror with a radius of -18.0 cm. Find (a) the power,
(b) the focal length, (c) the principal point, and (d) the focal point of this
thick-mirror optical system.

Ans. (a) +23.11 D, (b) +4.33 cm, (c) H1H = +2.50cm, (d) -1.83 cm

Solution:
a) p1= 1/f(m)
=1/0.1=10D

p= M _2*l 1D

2" r,  —018
d

c=—=20.02m

n

a)P=(1_CP1)(2P1+P2_CP1P2)
= (1-0.02%10)(2* 10+ 11.11 — 0.02 * 10 * 11.11)
P=2311D



b) f=1/P=+4.33 cm

c) The principal point
Cc
HH' =
1—-ch
_ 002 002
T1-0.02¥10 0.8

HH’=0.025=2.5 cm

d) AF1 =25-4.33
=-1.83

6.15 A thin lens with a focal length of -12.30 cm is placed 2.50 cm in
front of a spherical mirror of radius -9.20 cm. Find the power of

(@) The first lens and (b) the second power.

Calculate (c) the power of the system and (4) its focal length. Locate (e)
the principal point and (f) the focal point.

Solution
— L: - * -2

a) P4 o 1/-12.3*10

=-8.13D
-2n —2x*1
b) P, = T Tomioz 21.74 D
d 0.025
c=—=——=0.025m

n 1
C) P= (1-C P1)(2p1+P2- C P1P2)

P =(1-0.025*-8.13) (2*-8.13+21.74-.025*-
8.13*%21.74)
P=119 D

d)f== = 8.403 cm



&) HIT = c_ _ 0.025
1-cP;  1-0.025%—8.13
HH’ =2.07 cm

F.F.I=f—-HH=8.43-2.07 =6.35cm

6.17 A thick lens of index 1.560 has radii ry = + 15.0cm and

r, = - 30.0 cm. If the second surface is silvered and

the lens is 5.0 cm thick, find (a) the power, (b) the focal length,
(c) the principal point, and (d) the focal point.

Ans. (a) +14.67 D, (b) +6.82 cm, (c) HiH = +3.640 cm,

(d) HiF = +3.180 cm

Solution
p n’—n_1.56—1_ 237D
'y 015 = 7
p, = 2R ="21156 1104 D
T2 -0.3
B d B .05 0,032
€= n 156 m

a.)P= (1_CP1)(2P1+ PZ_CP1P2)
= (1—-0.032%3.7)(2%3.7+ 104 —0.032 + 3.7 + 10.4)

P =14.67D
b) the focal length
f=1= —— =6.8166cm
P 14.67
c) the principle point
0.032
HH = —— = = 3.6297 cm

 1-cP;  1-0.032#-3.7
HiF=f - HH’ = 6.849-3.6297 =+3.18 cm

6.19 A lens 4.50 cm thick has an index of 1.720 and radii



n=-6.0cmand, r, =-12.0 cm. If the second surface is silvered, find (a)
the power, (b) the focal length, (c) the position of the principal point,
and (d) the position of the focal point.

Solution
p - n’—n_1.72—1_ 12D
™, —0.06
p, = Z2h="21172 198666 D
T2 —-0.12
d 0045 002616
N T T R m

ayP=0-cP;)(2P, + P, —c P,P,)
=(1-0.02616 % —12)(2 * —12 + 28.666 — .02616 * —12
* 28.666 )
P =9375145D
b) the focal length
1 1

f=== = 10.666 cm
P 9375145

c) the principle point

c 0.02616

HH’ = = = 3.812cm
1-cP; 1-0.02616%x—12

HF=f — HH’ = 10.666-3.812 =+6.854 cm

6.21 The curved surface of a plano-convex lens has a radius of 20.0 cm.
The refractive index of the glass is 1.650, and the thickness is 2.750 cm.
If the curved surface is silvered, find (a) the power,

(b) the focal length, (c) the principal point, and

(d) the focal point.

Ans. (a) + 16.50 D, (b) + 6.06 cm, (c) + 1.667 cm, (d) +4.394 cm
Solution

Solution



P,

P

P1 = = O
L£]
= 207208 165D
r2 -0.2
_4_00275 o
“TWT 165 m
a.) P= (1_CP1)(2P1+ PZ_CP1P2)
P=165D
b) the focal length
f=2= — =6.06cm
P 16.5
c) the principle point
, c 0.01667
HH’ = = = 1.667cm
1—c Pl 1-0

H.F=f — HH’ = 6.06-1.667 =+4.394 cm

P — —_ O
1 rl
_ -2n :—2*1.65 _ +165D
r2 -0.2
_d_oo275_
“TWT 165 m

d)PZ(l_Cpl)(Zpl‘l‘ PZ_CP1P2)

P=165D



e) the focal length
f=== — =6.06cm
P 16.5

f) the principle point

HH = - zp - 0"116067 = 1.667cm
>y -

H.F=f - HH’ = 6.06-1.667 =+4.394 cm

6.23 If the plane surface of the lens given in Prob. 6.21 is silvered in
plac



