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Consider two transparent media having indices of refraction n, and ny,
where the boundary between the two media is a spherical surface of radius R.
We assume that the object at O is in the medium for which the index of
refraction is n;. Let us consider the paraxial rays leaving O. As we shall see,
all such rays are refracted at the spherical surface and focus at a single point
I, the image point. Figure 36.19 shows a single ray leaving point O and
refracting to point I. Snell’s law of refraction applied to this ray gives Because
0; and 6, are assumed to be small, we can use the small-angle
approximation

o]
C A
R
=
’/
~
p
-
L—
b

‘

q

Y

Figure 1.

Figure 1 shows a single ray leaving point O and refracting to point I. Snell’s
law of refraction applied to this ray gives

Nn1SinB;=n,SinB; (1)
Because 6 1 and 62 are assumed to be small, we can use the small-angle
approximation sin 8(with angles in radians) and say that

n191:n292 (2)

Now we use the fact that an exterior angle of any triangle equals the sum of
the two opposite interior angles. Applying this rule to triangles OPC and PIC in
Figure 36.19 gives

©1=a+p

B=6,+y 3)

If we combine all three expressions and eliminate 61 and 62, we find that
ni0+n2y=(n1+n2)P (4)

From Figure 1, we see three right triangles that have a common vertical leg of
length d. For paraxial rays (unlike the relatively large-angle ray shown in Fig.1

We substitute these expressions into Equation 4, and divide through by d to
give



"?1 +%2 =(n,-n,)/R (5)

Because the refracting surface is plane,
R =
n;=1.33 n,=1 P=d

g=-(n2/nl1) p=(-1/1.33) d =-0.75 d

Consider a lens having an index of refraction n and two spherical surfaces with
radii of curvature R; and R;, as in Figure 1. (Note that R; is the radius of curvature of
the lens surface that the light from the object reaches first and that R, is the radius of
curvature of the other surface of the lens.) An object is placed at point O at a
distance p; in front of surface 1. because the lens is surrounded by air, we find that
the image |; formed by surface 1 satisfies the equation

1 n _ n— 1

i 1 Ry (1)

where q ; is the position of the image due to surface 1. If the image due to

surface 1 is virtual ,Fig. 1, q 1 is negative, and it is positive if the image is real
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Figure 1.



Taking p , as the object distance for surface 2 and g, as the image distance gives

¥ 1 1 —

e o k) o

2)
We now introduce mathematically the fact that the image formed by the first

surface acts as the object for the second surface. We do this by noting from Figure 1
that p,, measured from surface 2, is related to g, as follows:

pe=—q +1 (g is negative)

3)

By replacing (3) in (2)

This is the lens maker’s equation.
2-

B-

P=30CM f=-20 cm
Using the lens equation

1/30+1/q =-1/20

Q=-12cm the image is virtual

M=-q/p = -(-12)/30=0.4 cm

’ ’
0.4=h /h=h /2

7
h =0.8 cm
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