Giant Cylinder Challenge!!
Student Pages

You are a museum exhibit designer charged with creating an experience for museum guests about
mirror anamorphosis. You will be inviting guests to help create a "morphed up image" that will then
be viewed in a giant mirror cylinder. See the picture below.
You know that your mirror cylinder measures 2m high by .75m diameter. Now you need to decide
how wide the "morphed" image needs to be in order for all your museum guests to comfortably
view the resolved image in your cylinder.
Work through the following tasks to find the answer.

1. The Law of Reflection

You know that light travels in a straight line and obeys the law of reflection: the angle at which
light hits the mirror (angle of incidence) is aways equal to the angle at which light reflects
from the mirror (angle of reflection) .
Using rules of geometry, PROVE THAT THE LAW OF REFLECTION applies to the diagram below.
Annotate the diagram and show your reasoning in the box below the diagram.
NOTE: Points A (the image) and B (the object) are equidistant from the mirror.

2. Construct and measure angles
Use the diagram you constructed in #1 to help you with this.
A. On the diagram below, mark the position of the image of the dot as it would appear in the
mirror. The image dot appears the same distance away from the mirror as the original dot. Use
a ruler to measure the distances.

B. Draw a line to mark the position on the mirror that the person needs to look at to see the
image of the dot.
C. Using a protractor, find the angle with the horizontal (angle EDC from #1 that the person
looks at the mirror from.

3. Calculate Angles

A .The diagram below is NOT TO SCALE. Work out the height above the floor of point C.

B .Calculate the angle with the horizontal (the angle EDC) that the person look at the mirror
from.

4. Build and use a field of view formula

A. Use the diagram below to CONSTRUCT A FORMULA for α (the field of view) in terms of h (the
height of the person's EYE LINE above the ground) r (the width of the picture) and d (the
distance the person stands away from the picture.

FIELD OF VIEW is used in self driving car technology as a definition of
range what a sensor can detect from any particular location. Like your
eyes, a sensor can only detect light that lands on it. The light that can
be detected from any one position (by eyes or another sensor) is
defined as the Field of View!
B.
i) Use your formula to estimate the field of view that you would have if you stood right next to
a picture that is 3m wide.
ii) Calculate what your field of view would be if you were 20cm taller. Remember, h is the
height of a person's EYE LINE, not the top of their head!!
iii) Calculate what your field of view would be if you stood 1m back from the picture.

5. Solve the design problem!
A. In this case, the field of view you are concerned with are the points on the cylinder that will
be visible to nearby guests to the exhibit. It would be ideal to view at least 15 ̊ for every visitor
standing adjacent to the picture.
Assume all visitors have an eye line of at least 1m above the ground, and the tallest visitor
has an eye line of 2m above the ground.
Using the GeoGebra graph, find the maximum width and minimum width that you can make the
picture and fill in the inequality below to show the possible range of values for the width (r).
......................< r < ......................
B. For a picture of width 1m, find the eye line height that will give a person standing adjacent
to the picture the best possible (largest) field of view, and the corresponding maximum angle
of view using
i) the graph in the GeoGebra file
h=
α=
ii) an agebraic method. Use the fact tan&' ( differentiates to give '
(The chain rule for differentiation will also be useful.)
h=

=

α

Giant Cylinder Challenge!!
Background:

Teacher Pages & Solutions

Art grounded in optical illusions dates as far back
as we know. One specific type of optical illusion
art involves creating what are known as
Anamorphic images. An Anamorphic image is one
that is created via an interdisciplinary process
spanning art, mathematics and optics so as to
distort the image in a such a way that the correct
reading of the image is only possible by looking at
it from a defined fixed position, or in the reflection of an appropriately designed mirror. These
images define and record complex rules of geometric transformation of real images into
anamorphic images.
There are two basic types of Anamorphic Images: surface and reflective. Surface anamorphic
images must be viewed from a specific angle while reflective anamorphic images require the
use of a specially designed flat or curved mirror.

How wide must an image be in order to be comfortably
viewed by museum guests of any height?
All Morphed Up is an investigation of the fascinating phenomenon of Mirror (or reflective)
Anamorphosis; the Giant Cylinder Challenge invites students to imagine that they are the
Exhibit Designer for a museum installation about mirror anamorphosis. They need to design
images that will be morphed and resolved in a giant (2m X .75m) cylinder. In order to do that,
they must first use their knowledge of geometry and law of reflection to solve a complex
problem: How wide must an image be in order to be comfortably viewed by museum guests of
any height?
Using Geometry, Algebra and GeoGebra, students work through a series of tasks that allow
them to answer the question.

Materials
Mirror Cylinders - one per student
Sample "Morphed" images
Sample pixel drawings
Blank "Morphed Grids"
Blank square grids
Protractor
Ruler
Access to GeoGebra program

Prerequisites

High school level geometry
High school level algebra
Law of Reflection (curved surface)
How to use GeoGebra

Introduction to Mirror Anamorphosis

1. Give each student a foil mirror and show them how to assemble it. Instructions above.
2. Give each student a "morphed up" image (included) to view with the mirror. Invite students
to collaborate in dyads or triads to come up with an explanation as to what is happening.
3. Give students a blank piece of paper and ask them to draw three parallel lines and
experiment with viewing them from different angles and positions relative to the mirror and to
their vantage point. Once they have had some time to try, invite them to once again explain
what is happening.
Light bounces in a straight line. Light follows the
rule of reflection: angle of incidence = angle of
reflection. When light bounces off a curved surface,
the image we see is distorted. When we start with a
distorted image, the same rule is followed, but in
REVERSE! This is why the image is resolved in the
curved mirror.

4. Have students create a simple line drawing on a square grid and transfer it to the "Morphed"
Grid and observe the image in the cylindrical mirror, See below for examples.
Position the grids as shown below and note that:
The image is mirrored left-to-right.
The image is stretched horizontally but NOT vertically
Corners and edges are fixed
The image is more distorted the further away it is from the mirror -

Introduce the challenge!

Now that students have a hands on understanding of the phenomenon of Mirror Anamorphosis,
they can begin working through a series of tasks to solve the overall problem. The tasks are
increasingly challenging and are meant to be completed in order as they build on one another.

How wide must an image be in order to be comfortably
viewed by museum guests of any height?
Invite students to discuss the possible factors to
consider in solving the challenge:
The height of the viewer
The viewer's distance from the mirror
The angle from which the mirror is viewed
How wide the picture is
Use the top half of this GeoGebra File https://www.geogebra.org/m/nakg5kfh to explore
together, as a class, how each of these factors affect the person's view of the picture. For this
investigation, untick all of the boxes.
See how the reflection works by moving point A: the piece of the picture that is reflected
directly into the viewer's eye. As point A moves, C (the point on the mirror that the person would
need to look at to see point A) changes position and the angle they need to look a the mirror
with also changes!!
The distance the person is from the picture, their height and the width of the picture can also all
be varied by changing the sliders labelled d (distance) h (height) and r (width of the picture). You
can see that if we keep the spot (A) on the artwork on the artwork fixed as we vary h, d and r,
then the point C and the angle you need to look at the mirror with will change.

Task 1: Prove the law of reflection

This task requires the employment of basic geometry including knowledge of congruent
triangles and vertically opposite angles.
The angel between the line segment BC and the horizontal is vertically opposite x, therefore is
equal to x.

The triangles OBC and OAC are congruent because they share two sides and a right angle.
They share side OC, and we are told that B and A are equidistant from the mirror so OB and OA
must be equal in length.
As they are congruent, the angles their hypotenuses make with the horizontal (marked x and y
on the diagram must be equal to one another, and x = y.
There are other way of reaching this conclusion - consider challenging your students to find
other methods and discuss as a class.

Task 2: Construct and measure angles
See the diagram below:
A. Draw the dot on the other side of the mirror the same distance from the mirror as the
original dot, using a ruler to measure.
B. Draw a straight line between the dot on the other side of the mirror and the person's eye.
Mark where the line crosses the mirror. This is where the person needs to look at the mirror.
C. Measure the angle EDC with a protractor. Angle = 27.5o

Task 3: Calculate Angles

A. Note the two similar triangles OCB and FDB in the diagram below.

The similar triangles are then draw separately here:
1.8m
1.2m

2m

h
1.2m

3.2m

The length labelled h is the missing length
3.2/1.2 = 2.67 (scale factor)
1.8/2.67 = 0.675
h = 0.675m

B. Using right triangle trigonometry, students can use the triangle BDG, shaded below, (or the
similar triangle CDE that sits within it) to find the angle marked 𝜃.
Alternatively, they might notice that triangle BDG is congruent to triangle FDB and use this (or
the smaller similar triangle OCG that sits within it to find the angle marked 𝜃.

tan(𝜃) = opposite/adjacent = 1.8/3.2
𝜃

= tan -1 1.8/3.2 = 29.4 degrees

Task 4: Build and use a field of view formula

This investigation can be completed as a class all together, or in small groups if students have
access to the GeoGebra file.
If students do have access to GeoGebra, you could provide them with more structure - for
example, a list of "settings" for each variable that they can try - to ensure that they cnage one
variable at a time. This will help them see what effect the variable has on the field of view.
It'd important that students don't confuse 𝜃 for the FIELD OF VIEW. 𝜃 is the angle to the
horizontal that the person looks at the mirror with in order to see the image of point A. The
field of view is the RANGE of angles being traced out by the shading in the GeoGebra file. Its
value is recorded as it changes on the top of the diagram.
The further away you are, the smaller your field of view will be, regardless of the other variable.
However, increasing the height of the person will increase their field of view up to some
maximum, after which it will then begin to decrease. However, for quite a few of the
situations, the height at which this maximum occurs is unrealistic and so often it is
effectively true that the taller you are, the larger your field of view.

The field of view is found by subtracting the angle BDG from the angle ODE.
Angle ODE = tan-1 h/r+d
Angle BDG = tan -1 h/2r+d
Field of view ⍺ = tan-1 h/r+d - tan -1 h/2r+d

i) The method is outlined below, using an eye line height of h=1.5m. See the table below to ee
answers for various other values of h. Students need to note that h is NOT their height, but
the height of their EYE LINE!!
r = 3m, h = 1.5m, d = 0m
Field of view ⍺ = tan-1 1.5/3 - tan -1 1.5/6
Field of view ⍺ = 12.53
Value of h
(meters)

1.4

1.5

1.6

1.7

1.8

1.9

Value of ⍺
(degrees) 11.88 12.53 13.14 13.72

14.26

14.78

Students with access to the GeoGebra file can use the graph to check their work.
ii) Students add 0.2 to their h value from the last question, see table above. So, the field of
view increases as the person's height increases by a small amount, when the picture is 3m
wide.
iii) The value of d is now 1m. See the table below for the results for the field of veiw with this
new value for d, for each of the values for h.
Value of h
(meters)

1.4

1.5

1.6

1.7

1.8

1.9

Value of ⍺
(meters)
7.98 8.46 8.93 9.34
9.81 10.22
So, the field of view decreases as the person moves back from the picture.

Task 5: Solve the design problem!
A. Using the GeoGebry file set d=0, then varify the value of r (the width of the picture) and see
how the graph of height agains field of view changes.
There are some very small values of r that mean that taller visitors (with h close to 2m) will
have a field of view that is less than 15 degrees and there are some larger values of r that
mean that shorter visitors (with h just bigger than 1m) will have a field of view that is less than
15 degrees. Use the graph to spot the interval of values for r where the field of veiw is equal
to or above 15 for every visitor.
The graph below is when r=0.66. Values of r that are lower than this cause the field fo view to
dip below 15 for taller visitors

The graph below is when r = 1.52. Values of r that are greater than this cause the field fo view
to dip below 15 degrees for shorter visitors.

The acceptable range of values for r are described by this inequality 0.66 < r < 1.52

