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On Monday, May 09, 2016, Mercury will transit the Sun for the first time since 2006. Here we
describe a fun way to observe this interesting astronomical phenomenon.
WARNING: Never look at the Sun through a lens or a telescope! Not only will you
lose your eye but you could also burn a hole through your head.

I. EXPERIMENTAL SCHEME

The idea (communicated to me by Dr. Robin Shelton)
is to use some kind of a simple hand-made optical system
to project a reasonably large image of the Sun (together
with the transiting Mercury) on a remote screen. Here
we propose one implementation which consists of just two
converging lenses, 1 and 2, as shown in Fig. 1. Lens 1
(focal length f1) is operating in the regime of a camera;
it produces a real, inverted, reduced image of a far away
object (in our case, the Sun) in the focal plane, F1. This
image plays the role of the “object” for Lens 2, which, in
turn, is set to operate in the regime of a projector. In this
regime, an “object” is placed between F ′2 (the conjugate
focal plane of Lens 2) and 2F ′2, with the corresponding
enlarged projected image located on a far away screen —
ideally, much further away than the focal length f2.

We use the following notation:

• θ is the angular diameter of the Sun as seen from
the Earth;

• f1 and f2 are the focal lengths of Lens 1 and Lens
2, respectively;

• ho is the size of the image produced by Lens 1
(which also plays the role of the “object” size for
Lens 2);

• do is the distance between the “object” and Lens
2;

• hi is the size of the projected image on the screen
produced by Lens 2;

• di is the distance between the projected image and
Lens 2;

• |m| = |hi/ho| = |di/do| is the linear magnification
produced by Lens 2.

Now a bit of algebra:

The size of the image produced by Lens 1 is

|ho| = f1 tan θ. (1)

If we want the size of the image on the remote screen to
be |hi|, then we need magnification by Lens 2 to be

|m| = |hi|
f1 tan θ

. (2)

Applying the mirror equation,
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to Lens 2 gives
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which results in the following parameters of our experi-
mental setup:

di = (|m|+ 1)f2 (5)

do =
|m|+ 1

|m|
f2. (6)

With the angular size of the Sun being

θ = 0.5◦, (7)

the desired projected image size of

|hi| = 15 [cm], (8)

and the focal lengths of the two lenses (from our demo
room) being

f1 = 35 [cm], f2 = 7.5 [cm], (9)

we get

|ho| = 3.1 [mm], (10)

|m| = 49.1, (11)

di = 3.76 [m], (12)

do = 7.7 [cm]. (13)

This shows that the proposed experiment is feasible and
can potentially be performed on the roof of the Physics
& Astronomy building.
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FIG. 1: Ray tracing diagram for the proposed experiment.
Not to scale. In reality, we should make do just a bit greater
than f2, in which case we’ll have di � f2; see Eqs. (9), (12),
and (13). Same scheme should also work if Lens 1 is replaced
with the objective mirror of a portable telescope-reflector.

II. EXPERIMENTAL CHALLENGES

Here’s the list of possible experimental challenges that
need to be addressed:

1. Problem: Brightness of the projected image of
the Sun will most likely obscure the tiny image of
Mercury.

Possible solution: May need to use a filter to dim
the projected image.

2. Problem: Brightness of the ambient light may
overpower the projected image, especially if a fil-
ter is to be used.

Possible solution: The system should be shielded
from direct sunlight; the screen should be in a
shaded area; only the light that passes through the
optical system should fall onto the screen.

Ideally, it would be nice to have an 7-meter long

tube (or something like that), with the lenses on
one end and the screen on the other, with the sur-
rounding area shielded.

3. Problem: Tracking the Sun.

Possible solution: ???

4. Problem: Various types of aberrations.

Possible solution: ??? (Actual problems will be-
come apparent once the system is set up and tried
out.)

III. PROOF OF CONCEPT

The results of trials with a light bulb in the audi-
torium are shown in Figs. 2, 3, 4, and 5.
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FIG. 2: General view of the trial experiment performed in the
auditorium.

FIG. 3: The optical system. (Old version. Now replace with
the one shown in Fig. 6.)
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FIG. 4: With lights off.

FIG. 5: The image of the light bulb projected onto a remote
screen. Main problem: the image brightness is very low.
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FIG. 6: Currently used optical system. Trial run of May 8,
5:40pm EST.

FIG. 7: Projected image of the Sun; trial run of May 8,
5:56pm EST.


