


A glass positive lens works by bending or refracting light as it passes
through the lens.

Figure 3 – Light moving through a positive refracting lens

Figure 4 – A laser moving through the left side of the telescope eyepiece lens is
refracted, bent and exits to the right

A positive lens can also be made from reflecting materials. A common
reflecting material in your home is a mirror.

Figure 5 – The laser on the left reflects off a flat mirror and strikes the paper on
right



If the flat mirror is curved, the reflected light will also bend. Common
curved reflecting mirrors in your home is a shaving mirror and a woman’s
make-up compact.

Figure 6 – A common curved shaving mirror

These mirrors are called magnifying mirrors. Like the positive glass
refracting lens, they magnify images between zero and one focal length
from the mirror-lens.

Shaving mirrors are inexpensive and can be purchased at a local drug or
five-and-dime store for around $4 U.S. in 2006. Commonly, two varieties
are available – a small 3x or 3 power shaving magnifier and a larger 5x
vanity mirror magnifier.

A positive reflecting curved mirror acts like a positive single refracting
glass lens.

Figure 7 – A laser approaching from the right strikes the curved mirror, is
reflected or bent and exits to the left – just as in a refracting glass positive lens

The glass refracting positive lens is called convex because it “sticks out”.





Figure 10 – A single positive reflecting lens mirror – a chess piece held close to
the mirror is magnified, but the image is virtual

This is just what a positive glass lens does.

Figure 11 - Magnification where a positive glass lens is held less than 1 focal
length from an object – a virtual erect image is created

Where a positive concave mirror differs is what occurs when the object
moves more than one focal length from the mirror. The image becomes
real but remains erect.

Figure 12 – When the chess piece is moved more than one focal length from the
mirror, the magnified image in the mirror is real, but remains erect

With a positive refracting glass lens, the image becomes real, but is turned
upside down, or inverts.



Figure 13 – A positive refracting lens moving past one focal length – the real
image inverts – the picture on the wall is upside down

o Case 2 magnification – looking at an object more than one focal
length of the mirror distant

From one to two focal lengths, the mirror lens acts similar to a positive
glass refracting lens between zero and one focal length when looking at
distant objects more than one focal length away. Near one focal length in
the mirror and zero focal lengths in a positive refracting lens, the image is
unmagnified and erect.

Figure 14 – A single positive reflecting mirror (left) near one focal length and a
positive refracting lens (right) at less than one focal length looking at a distant

object more than one focal length away

In the mirror on the left is an image of a web camera looking at the mirror.
The image of the web camera is erect – the light on the top of the web
camera is at the top of the image, as occurs in the actual object. On the
right, the glass lens shows the image of picture on a wall on the far side of
a room.

In the “Exploring Hand-Magnifier” handout, when objects are further than
one focal length distant – we called this “Case 1 magnification.”

As the positive reflecting mirror moves form 1 focal length closer to 2 focal
lengths and the positive refracting lens moves closer to one focal length,
the image magnifies but remains erect.



Figure 15 – A single positive reflecting mirror (left) moving towards two focal
lengths and a positive refracting lens (right) moving towards one focal length –

the image of the object magnifies

In the mirror at 2 focal lengths, the mirror image magnifies to infinity. That
same occurs in the glass lens at one focal length.

Figure 16 – A single positive reflecting mirror at 2 focal lengths

At more than 2 focal lengths in the mirror and more than one focal length
in the glass lens, the image inverts and is magnified.

Figure 17 – A single positive reflecting mirror (left) moving past two focal lengths
and a positive refracting lens (right) moving past one focal length – the image

inverts

Here, the image in the mirror is inverted. The light on the top of the web
camera now appears at the bottom of the image. The image of the
picture on the wall, seen through the glass lens, is upside down.

As the mirror moves further than one focal length and the glass lens more
than one focal length from the eye, the image becomes smaller than the
apparent size of the object.





Figure 19 – Setup to find the focal length of a positive mirror

The light from the distant bulb will reflect off the mirror and cast a circular
outline on the white card stock.

Figure 20 – Faint reflected light from the mirror casts a circular outline on the
cardstock

Slowly move the card further from the mirror. When the circle of light is
the same size as the outline of the mirror that you traced on the card, the
card is 2 focal lengths from the mirror.

Figure 21 – A two focal lengths, the faint reflected light from the mirror casts a
circular outline on the cardstock equal to the mirror size

The positive mirror focal length is ___________ inches or _____________
centimeters.





Figure 22 – Set up for making the Herschelian telescope

Measure off the focal length of the mirror lens on the yardstick. Now,
imagine a circle with a center at the center of the mirror and its radius at
the focal length of the mirror. Imagine a circular arc along this circle.
About 3 to 5 degrees off of this centerline guess about where one focal
length from the mirror is.

Figure 23 - The eyepiece is moved slighty off-axis to make the Herschelian
telescope

Now hold the small lens in your hand. At your estimated off-axis focal
point, direct the small lens at the center of the mirror and move the small
lens back and forth until a magnified image comes into focus.

The telescope will come into focus, but be slightly distorted, when you are
holding the two lenses apart as the same distance as the “Sum of the
focal lengths.”

Because the Herschelian telescope is off-axis, the images will have more
distortion than seen in the Galilean or Keplerian telescopes. This is
particularly noticeable if you focus your telescope on a street lamp at
night. This distortion can be minimized by moving the eyepiece the
smallest feasible angle off the axis of the primary mirror.






