
PHYSICS 2P51: Assignment 4 - Due: Wed., March 1, 2017

1. Draw the principal planes inside a thick equiconcave lens and show how
a parallel ray, a focal ray and a chief ray, all coming from the tip of an
extended object, are (assumed to be) refracted at these planes.

2. Two thin lenses, one of 20 diopters power and the other of 8 diopters,
are separated by a distance of 10 cm.

(a) Determine equivalent focal length of the system.

(b) Determine the back and front vertex focal lengths of the system.

(c) Determine the positions of the principal planes of the system.
Give the position with respect to the vertices of the front and
back lenses.

3. Two thin lenses of focal length +30 cm and +10 cm, respectively, are
separated such that the system becomes afocal. What is the separation
of the lenses?

4. A meniscus lens has surface powers P1= 8 diopters and P2=-5 diopters,
glass of n=1.55 and an axial thickness of 25 mm.

(a) Determine equivalent focal length of the system.

(b) Determine the back and front vertex focal lengths of the system.

(c) Determine the positions of the principal planes of the system.
Give the position with respect to the vertices of the front and
back lenses.

(d) Do problems (a) and (b) using matrices

5. How far from a concave mirror of 10 cm radius of curvature must a real
object be placed so that its image is real and four times the size of the
object?

6. If an object is placed halfway between the focal point and the vertex
of a concave mirror, how much will the image be magnified?

1



7. A -2.00 diopter lens is held in contact with a mirror of +80 cm focal
length and the same diameter as the lens. What is the power of the
combination. Assume the lens is thin and use the matrix method.

8. A fortune teller’s spherical crystal ball has a refractive index of 1.50
and a diameter of 16 cm.

(a) Find the system matrix for the crystal ball, assuming it is sitting
in air.

(b) Where will sunlight be focussed by the crystal ball? Specify with
respect to the back vertex of the crystal ball.

(c) Show that H2 lies at the center of the sphere.

(d) Consider an incident ray that is parallel to and a distance 1 mm
from the optical axis. When the ray emerges from the sphere,
what is its distance from the optical axis and what is its direction
(in degrees) with respect to the optical axis. Do the calculation
using the system matrix.
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