P2310 Homework #2 Solutions
5.5:

Since sum of the angles of a triangle is 180o:

2 + (180o – ) +  = 180o, so 2 = -. So sin 2 = sincos(-) + cossin(-) but since the angles are small: sin 2 ~ sin - sin = h/R – h/si. 

Similarly:

 (180o – 1) +  –  = 180o, so 1 =  +  and:
sin1 = sincos + cossin ~  sin + sin = h/R + h/so  (since angles are small)
Now rewriting Snell’s law:

n1sin1 = n2sin2, so n1(h/R + h/so) = n2(h/R + h/si), so

ni/so + n2/si = (n2 – n1)/R
5.6:

From Snell’s law: nii = n2t, so tani = yo/so and tant = -yi/si. Thus for small angles:
i = yo/so and t = -yi/si and so MT = yi/ yo = -(n1si)/(n2so).
5.8:

For the first surface: n1/so + n2/si = (n2 – n1)/R, so 1/1.2 + 1.5/si = 0.5/0.1. So we find si = 0.3 m (real image). For the second surface: so = 0.20 – 0.36 = -0.16 m (virtual object distance). Thus, 1.5/(-0.16) + 1/si = -0.5/(-0.1), si = 0.069m. The final image is real and inverted.
5.10:

Since 1/f = (n-1)(1/R1 – 1/R2) and R2 = - R1 we have:

1/f = (n-1)(2/R).  Thus:

R = (n-1)(2)(f) = (1.5 – 1)(2)(10.0) = 10.0 cm.

5.11:

For a thin lens d ~ 0 so we have:

nm/so + nm/si = (nl – nm)(1/R1 – 1/R2) so 

1/ so + 1/ si = 1/f = [(nl – nm)/ nm]( 1/R1 – 1/R2). 

For a double concave lens R1 < 0 and R2 > 0 so that (1/R1 – 1/R2) < 0. 

For an air lens in water nl < nm so that nl – nm < 0 and 1/f > 0 and the lens is converging.
5.20:

Since 1/f = (nl-1)(1/R1 – 1/R2) = (1.5 – 1)(1/20 – 1)/(-40) = 3/80, and f = 27 cm. Since 

1/so + 1/si = 1/f  and so 1/si = 1/27 – 1/40 and si = 80 cm. The magnification is thus:
MT = -si/so = -80/40 = -2. The image is real and inverted with a magnification of 2x.
5.33:

We will find si1 first and then this is used for so2. Since:
1/so + 1/ si = 1/f,  then 1/si1 = 1/30 – 1/50 = (5-3)/150  and si1 = 75 cm. Thus 

so2 = (20 – 75) = -55 cm and so:

1/si2 = 1/(50) - 1/(-55)   and so si2 = 26 cm.
5.37:

For the first lens: 1/si1 = 1/30 – 1/30 = 0 so si1 = infinity. 

For the second lens: 1/si2 = 1/(-20) – 1/(infinity) since the object distance for the second lens is at negative infinity and si2 = -20 cm and the image is virtual. The magnification:
MT = (-INF/30)(20/-INF) = 2/3
