
Math in Art Project 4 Postponed to 3/27/15, 3:00pm

This project involves using the Perspective Theorem to draw a perspective image of a 3-
dimensional house, and has two parts to it.

The first part is to use the Perspective Theorem, Excel (or some other spreadsheet), and 17 given
relevant points on a 3-dimensional dollhouse to draw the outline of the house in perspective.

The idea behind the second part is finish the house, first in 3 dimensions and then in two. First,
come up with 3 dimensional coordinates for some finishing touches that would actually fit
on the house. Some ideas: windows, a door or two, perhaps a yard or a chimney (where the
bottom vertices of the chimney should preferably actually lie on the roof, although that gets
hard). For the 3 dimensional coordinates, you should really be thinking about where a door
(or window, or chimney) would be: which coordinates would stay the same as the wall it lies
in, and which would be different. Once you have decided upon 3 dimensional coordinates for
your decorative features, find the perspective images of those new points and add them to your
graph of the house.

The first part of the project requires that you understand, in the Perspective Theorem, which
axis the viewer’s eye is on, and that you pay attention to the given picture of the 3D house
and use it to think about which key points on the house would have the same x-coordinate,
which would have the same y-coordinate, and which would have the same z-coordinate. Which
will have larger x-coordinates, and which will have smaller (and same for y and z)? I’m giving
you the finished picture, so this thought process will help you identify before you ever use the
Perspective Theorem which of the given points corresponds to which key points on the house.

The second part of the project asks you to expand upon the knowledge gained in the first
part and to figure out where additional features of the house would be in the 3-dimensional
coordinate system – finding the coordinates of a front door, for instance, in 3-space– and then
converting them using the Perspective Theorem.

If you are tempted to simply draw the extra features in, in 2-space, using the laws of perspective,
you might as well wait until Project 7.

For the details of this project, see the next pages.

For this project, you don’t need to write an accompanying paragraph.

Possible points: A plot of a house which has been extensively personalized using 3 dimensional
points converted to 2 dimensional points can receive up to 30 points. Converting and plotting
in 2D only the given points can earn up to 15 points.
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Part I: The goal of this part is to use the perspective theorem to draw the perspective image
of a “real” 3 dimensional feature-less dollhouse, given the xyz-coordinates of 17 key points on
that house. Both the featureless house and the points on the house are shown below.

(a) (b)

Figure 8. Applying Theorem 1 in a spreadsheet.

After this is done, the entries in columns E and F can be selected as a group, and
a scatterplot can be made to display the images of the vertices. Alternatively, the points
can be plotted by hand on graph paper. The result should look something like Figure 9.

Figure 9. Scatterplot from the spreadsheet (vertices of the house).

Finally, you can print out your result and use a pencil to connect the vertices correctly.
This will take some thought! Then you can color and shade your drawing if you like. The
result should look something like Figure 10.

Figure 10. Connect the dots and color to your taste!

2–7

Points x y z
A -12 -18 81
B -12 -6 93
C -12 3 99
D -12 -18 117
F -12 -6 105
G -30 -6 105
H -12 -6 81
I -30 -6 81
J -30 -18 81

Points x y z
K -30 -18 117
L -30 -6 117
M -21 3 117
N -12 -6 117
O -30 -6 93
P -30 3 99
Q -21 3 99
R -21 3 81

The viewpoint you will be drawing for is a viewer standing 15 units back from the picture plane.

Use Excel (or some other spreadsheet) to calculate the perspective images of the 17 points given
above, assuming the viewer is located 15 units back from the picture plane.

It may help you to get a feel for how the various features are oriented to also see the top view
and side view of the house and the viewer, relative to the picture plane and the z-axis. As you
can see, the viewer is 15 units to one side of the picture plane while the house is between 81
and 117 units on the other side of the picture plane.

5. In this more involved problem of drawing a house, we’ll use a computer to make the
work easier. In Figure 7 is the perspective setup of a viewer, a house, and the picture
plane. Since the house is small in relation to the viewer, you can think of it as a large
dollhouse. You might also want to look at Figure 10 to help visualize the shape of the
house.
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Figure 7.

(a) What are the coordinates of the point F? What are the coordinates of the point
G? If the measurements are in inches, how high is the dollhouse?

(b) The rest of this problem assumes some familiarity with Microsoft Excel, or some
other spreadsheet program. In the first 3 columns of the spreadsheet in Fig-
ure 8(a) and (b) are the xyz-coordinates of all 17 vertices of the house. In the
4th column is the viewing distance (d = 15 units). The 5th and 6th columns are
for the x′- and y′-coordinates of the images of the points. To compute the first
value of x′ (Figure 8(a)), select cell E2. The relevant formula from Theorem 1 is
x′ = dx/(z + d), but you should type =D2*A2/(C2+D2) as indicated, because d
is in cell D2, x is in cell A2, etc. Then hit the Return key. Similarly, to compute
y′ (Figure 8(b)) you should type =D2*B2/(C2+D2). Note in Figure 8(b) that
the first value of x′ should be −1.875. The other values of x′ can be computed
by selecting and copying cell E2 and pasting into the other cells in column E.
Similarly, the other values of y′ can be computed by selecting and copying cell
F2 and pasting into the other cells in column F.

2–6

Plot the resulting 2 dimensional perspective points (by hand; Excel will do it, but it looks
better if you do it by hand, and you can follow more easily which point is which, labeling them
as you go. )
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Part II: The resulting house, which should look virtually identical to the first figure, is fea-
tureless. The purpose of the next part is to add features to the real 3-dimensional house and
then use your Excel spreadsheet to calculate their locations in the perspective image.

Specifically: decide where on the house you want a door (or two), a couple of windows, a yard –
maybe even a chimney. Looking at your drawing so far and the corresponding points in 3-space,
figure out correct 3-space coordinates for each of these features. Add these coordinates to the
x, y, and z columns of your Excel spreadsheet and use it to calculate the perspective images of
each of these points.

For example: suppose you want to add a door to the front of the house. All of the points
corresponding to the front of the house have z-coordinate z = 81, so the four corners that
define the door will have to have 81 as their z-coordinates. Since the x-coordinates of the house
go from −12 to −30, the exact middle of the house has as its x-coordinate x = −21. So if you
want your door to be centered, you might use x = −23 and x = −19, or similarly spread out
points.

Add the resulting 2-dimensional perspective images to your graph, connect the relevant dots
(don’t connect a point on a door to a point on a window!), and then color and shade your
drawing if you like.
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