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Over its storied and intriguing history, Hollywood has
entertained us with many mathematical moments in
film. John Nash in “A Beautiful Mind,” the brilliant
janitor in “Good Will Hunting,” the number theory
genius in “Pi,” and even Abbott and Costello are just
a few of the Hollywood “mathematicians” that come
to mind. Here are just a few examples of mathematics
in film...

McClane (Bruce Willis) and Zeus (Samuel L.
Jackson) find a puzzle with a bomb, beside a fountain
in a city park. They are given a five gallon jug and a
three gallon jug, and have to measure out exactly four
gallons of water on a scale to keep a bomb from
exploding. They only have 2 minutes to figure out
how to do this...

Can you figure out in two minutes how they did it with just the two buckets? (Use the buttons
below the "buckets" to fill them, pour their contents into the other, or empty them.)
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V Solution
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. Fill the 3 gallon bucket and then pour it into the 5 gallon bucket

. Fill the 3 gallon bucket again

. Pour water from the 3 gallon bucket into the 5 gallon bucket until it is completely full
. You now have exactly 1 gallon left in the 3 gallon bucket

. Empty the full 5 gallon bucket

. Now pour the 1 gallon of water into the empty 5 gallon bucket

. Fill the 3 gallon bucket again

. Finally pour those 3 gallons into the 5 gallon bucket which still has 1 gallon in it

. EXACTLY 4 gallons are now in the 5 gallon bucket

V Cast Away - Approximation and Area

The plane had been flying from Memphis for
11.5 hours at 475 miles/hour. He estimates

that after the plane went out of radio contact, e N
it flew around in a storm for about an hour ! loss of radio
before crashing, a distance of about 400

miles.

Assuming the search area is centered around
the last point of radio contact, he calculates

Area=m 1 by approximating it to 3.14:

Chuck Noland (Tom Hanks) is flying somewhere over
the south Pacific when his plane crashes into the ocean.
He floats on a liferaft to a deserted island.

In one scene, he uses the famous formula for the area of

. 2 .
a circle, 4 =m 7 to calculate how large an area his
rescuers would have to search.

P plane's path

contact

avelling 1 hour
off course at 475
milesthour

"...400 miles squared is 160000...times pi..."

160000-3.14 = 5.0240000 10°

This is a very good approximation. We can see Maple do the calculation and approximation:

A=nr

evaluate at point
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at 20 digits
—

5.0265482457436691816 10 2.3)

Tom estimates that the area is twice that of Texas. Wikipedia gives the area of Texas as 261,797
square miles.

261797-2 =523594

Again, not a bad estimation!! Maple can calculate 7, theoretically, to infinitely many digits. Here are
the first 10 000:

#First 10 000 digits of pi...

V The Fugitive - Rates and Units

Dr. Richard Kimball (Harrison Ford) has been wrongfully
convicted of the murder of his wife, and is being
transported to death row in a bus with other inmates. An
escape is attempted by the others, and the bus jumps a
guardrail and crashes onto a set of train tracks. Kimball
escapes from the scene and is on the run.

He is pursued by Deputy US Marshall Samuel Gerard
(Tommy Lee Jones). Arriving at the wreckage of the bus,

Gerard states, "Listen up, ladies and gentlemen. Our fugitive has been on the run for ninety
minutes. Average foot speed over uneven ground barring injuries is 4 miles an hour and that gives
us a radius of six miles." Is he correct?

#Initialization

We can use the rate equation for this question:
(Rate of Travel) - (Time Traveled) = Distance Covered

mile

h
convert one of these values such that the units math, but we can simply assign the values, and their
units, to names in Maple:

Where the rate is 4” ” and the time is 90 [min]. Normally, you would need to manually



Time := 90 [min] :

mile
R =4 :
ate H 2 ”

... and substitute into the rate equation to solve for distance:

replace units

Rate-Time =31680 [[ft] 6 [mi]
Maple automatically simplifies the units in our calculation and returns an appropriate result. Using
the right-click menu we can convert from feet to miles for the final answer.

V Speed - Projectile Motion and the Range Equation

A city bus in L.A. has been rigged with a bomb
that arms when the speed exceeds 50 miles/hour
and will explode if it then drops below 50
miles/hour. While driving on the freeway, the bus
is forced to jump a 50 foot gap where the road is
unfinished. Being Hollywood, of course the jump
is successful, but just how realistic is this?

#Initialization

The bus's jump is simply an example of projectile motion: the motion of an object projected into the
air at an angle. Other examples include a soccer ball being kicked or a baseball being hit into the air.

The range equation is used to calculate the horizontal distance covered by a projectile (neglecting air
resistance):

Vgsin(2 0)
R=—

g
v, sin(20)

R= @.1)
g

where V|, is the projectile's initial speed, 0 is the angle the projectile launches at, and g is of course the

acceleration due to gravity, 32.174 ft/s”. From the movie, we know that the length of the gap is 50
feet, and the initial speed is 68 miles/hour. From the equation we can see that if the launch angle is
zero, the range will also become zero. It is necessary for the bus to launch at some angle greater than
zero to make the jump.

We can isolate the launch angle, 6, in the range equation:



v,>sin(26)

R= isolate for theta 0= i arcsin R7<2g
g 2 Vs
...assign values to the variables:
g = 32.174"%" :
s
R := 50[ /] :
mi

Vo= 68” T ]] :
...and solve numerically for 6:
0 := 1 arcsin Rg

2 Vg

0.08122245880 4.2)

By default Maple works in radians but we can easily convert to degrees:

#Convert to degrees

4.653704088 degrees

In theory, then, if the bus left the road at an angle of approximately 5 degrees, it would be possible
for the bus to jump the gap!

It is interesting to note that the Wikipedia page about this movie states that a ramp was used to enable
the bus to jump the 50 feet. The bus was to jump over a regular section of highway, which was edited
out of the film with some careful CGI.The director mentions in the DVD commentary that as much
as possible was removed from the bus to make it as light as possible. On the first attempt, the bus
driver missed the landing, crashing the bus. On the second attempt, the bus was only expected to
travel 20 feet, and cameras were placed accordingly. However the bus traveled much further than
expected and landed on top of the camera: fortunately a second camera was also filming.



V Good Will Hunting - Linear Algebra and Graph Theory

Although Will Hunting (Matt Damon) works as a
janitor at MIT, he has genius-level intelligence
and a great aptitude for mathematics. Professor
Gerard Lambeau (Stellan Skarsgard) leaves a
challenge problem on a corridor blackboard for his
students, hoping one of them will solve it by
semester's end. He describes this problem as an
"advanced Fourier System", but it is in fact a
problem in algebraic graph theory, to be solved in
four stages (shown below). Will solves the
problem the next night.

What can Maple do with this problem?

Problem Statement:

4)
Given the graph ‘
O—2_ B

Find:

1. The adjacency matrix A of the graph G

2. The matrix giving the number of 3 step walks in G
3. The generating function for walks from points i to j
4. The generating function for walks from points 1-3

V Solution

#Initialization

We will use Maple's GraphTheory package to solve this problem.

V Part 1 - The adjacency matrix A of the graph G

Create a weighted graph using Maple's GraphTheory package:



G:= Graph({[{1,2}, 1], [{1,4}, 11, [{2,3},2], [{2,4}, 11}); DrawGraph(G)

Graph 1: an undirected weighted graph with 4 vertices and 4 edge(s) (5.1.1.1)
1
1
]
4 1 2
]

The WeightMatrix command will return the adjacency matrix, A:
A = WeightMatrix(G)

(010 1]
1021
0200
1100

(5.1.1.2)

V Part 2 - The matrix giving the number of 3 step walks in G

To start, let's look at the number of 2 step walks in G. Here, M is a symbolic representation of
the adjacency matrix:

my | My o My 3 My oy

My | Ny 5 My 5 My 4

My | My 5 My 3 My y

My | My o My 3 Ty 4
... where M essentially counts the number of walks of length 1 between vertices.
[Mz]ij is by definition the matrix product of the sum M., Mlj +M, sz +..+ M, Mnj:

N = M

2
[ [ml, pEmy oy oty gms oy gy g my o my o e my sy, (5.1.2.1)



tomy gmy pmy my gty iy s my smy s tmymy g my o my

+m1,2mz,4+m1,3m3,4+m1,4m4,4]’
[mz,lml,1+m2,2m2,1+m2,3m3,1+m2,4m4, 1am1,2mz,1+m§,2+mz,3m3,2
Ty gmy g My Iy gty My 3y gy gy gy g my
+m2,2m2,4+mz,3m3,4+mz,4m4,4]=
[m3,1m1,1+m3,2m2,1+m3,3m3,1+m3,4m4, My My T my oy,
+m3,3m3,2+m3,4m4,2am1,3m3,1+m2,3m3,2+m§,3+m3,4m4,3:m3,1m1,4
+m3,2m2,4+m3,3m3,4+m3,4m4,4]’
[m4,1m1,1+m4,2m2,1+m4,3m3,1+m4,4m4, p My Iy oty o m,

Ty yms o tmy g my g my my gty my sy yms g my ymy s,

2
my 4y +m2,4m4,2+m3,4m4,3+m4,4”

The number of paths of length 2 between nodes 1 and 3 is[Mz]1 3 Or [N] 5

(N)[1,3]
my o m 4 + ny oMy 4 + ny 3 my 4 + nmy 4 my 5 (5.1.2.2)

This formula counts the number of walks of length 2 from vertex 1 to 3:

(# walks of length 1 from 1 — 1) x (# walks of length 1 from 1 —3) +
(# walks of length 1 from 1 —2) x (# walks of length 1 from2—3) +
(# walks of length 1 from 1 —3) x (# walks of length 1 from 3 —3) +
(# walks of length 1 from 1 —4) x (# walks of length 1 from 4 — 3)

We can see that similarly, (M ]l. ; is the number of paths of length n going from i to j.

For instance, it is easy to see that walks of length 3 are represented by M. The formula for the
number of walks of length 3 from points 1 to 3 is:

(# walks of length 1 from 1 — 1) x (# walks of length 2 from 1 —3) +
(# walks of length 1 from 1 —2) x (# walks of length 2 from 2 —3) +
(# walks of length 1 from 1 —3) x (# walks of length 2 from 3 —3) +
(# walks of length 1 from 1 —4) x (# walks of length 2 from 4 — 3)

The matrix representing the number of walks from points i to j of length 3 for our graph G is
A



(2 7 23]
7 212 7
(5.1.2.3)
212 02
37 22

V Part 3 - The generating function for walks from points i to j

#Initialization

Here is a generating function for the number of walks of length k, expressed as an expression
for the summation of a geometric series:

F-Ejfk—

_Alz—l
where M is the adjacency matrix and z is a placeholder.

This formula also holds for matrices!

)]ij:Z,O[ iz _[ZMZ] (1 —Mz) l]ij

For our graph G, we can write:

— -z

-1+52 z 27

H 4227 72 +1 42 —6F—z41 42 —6F—z+1

_ Z(4£—Z—1) l

47 —272-17+1

[ z i -1+z . 2z(-1+2)

47 —67—z+41 472—67—z+1 472 —62—z4+1

(5.1.3.1)

|
42 —62—z41 ]
[ 27 2z(-142)  (2z—1) (1 +2)

42—6£—Z+1, 4;—6£—z+1’ 42—6£—z+1,

2z l
472 —672—z+1 |



_ 2(422—2—1) z 27
47 —27—72+1 42 —6F—z+1 47 —6F—z+1
i -1+57 H

4277241

V Part 4 - The generating function for walks of length k from points 1-3

The generating function for the number of paths of length k from point 1 to 3 is thus:

K[1,3]
2
2 (51.4.1)
47 —6z7 —z+1
series in z
224272 +147+182 +94° + 1467 +6382° + 11382 (5.1.4.2)

We are using Maple's series command to expand the generating function (5.1.4.1) back into an

infinite series. The coefficent of 7* gives the number of walks of length k. For instance, the st
2 terms are zero as there are no paths of length 0 or 1.

We can simply look at the coefficients of the series expansion terms to determine the number
of walks of length £ between points 1 and 3.

‘ Calculate # Walks Clear All

4
between points

14
walks of length

1

There are and
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Legal Notice: The copyright for this application is owned by Maplesoft. The application is intended to
demonstrate the use of Maple to solve a particular set of problems. It has been made available for
product evaluation purposes only and may not be used in any other context without the express
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