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We will explore three rea life situations proposed in Eugene F. Krause's book Taxicab
Geometry. First a dispatcher for Ideal City Police Department receives a report of an
accident at X = (-1,4). There are two police cars located in the area. Car C is at (2,1) and
car D isat (-1,-1). Which car should be sent? Second there are three high schools in Ideal
city. Roosevelt at (2,1), Franklin at ( -3,-3) and Jefferson at (-6,-1). Draw in school district
boundaries so that each student in Ideal City attends the school closet to them. For the third
problem a telephone company wants to set up payphone booths so that everyone living
with in twelve blocks of the center of town is with in four blocks of a payphone. Money is
tight, the phone company wants to put in the least amount of payphones possible such that
thisis true.

What makes these problems interesting is that we want to solve them not as the
"crow flies', but with the constraints that we have to stay on city streets. This
means the distance formula that we are accustom to using in Euclidean geometry
will not work. Fortunately there is a non Euclidean geometry set up for exactly this
type of problem, called taxicab geometry. This system of geometry is modeled by
taxicabs roaming a city whose streets form a lattice of unit square blocks (Gardner,
p.160).

Hermann Minkowski first seriously proposed taxicab geometry around the turn of the
century. He was born in Russia and was young Albert Einstein's teacher in Zurich
(Gardner, p160). Hermann published a whole family of "metrics’, that is, examples of
spaces in which a way of measuring distance is defined so that it fulfills the axioms of a
metric space. Among these metrics is one that is referred to as taxicab metric. The distance
formula in this metric is the same used today in taxicab geometry. (Reynolds, 77). It was
not until the 1952, when Karl Menger established a geometry exhibit at the Museum of
Science and Industry of Chicago that taxicab geometry actually got its name.
Accompanying the exhibit was a booklet, entitled You Will Like Geometry, in which the
term "taxicab" geometry was first used (Golland, 326).

Taxicab geometry is a nonEuclidean geometry that is accessible in a concrete form and is
only one axiom away from being Euclidean in its basic structure. The points are the same,
the lines are the same, and angles are measured the same way. Only the distance function is
different. In Euclidean geometry distance between two points P and Q are defined by:
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d(P.Q) = ((w.y1),0%.Y2)
d(P,Q) = O((xe-x2)* + (y2-y1)? )

The minimum distance between wo points is a straight line in Euclidean geometry.. In
taxicab geometry there may be many paths, all equaly minimal, that join two points.
Taxicab distance between two points P and Q is the length of a shortest path from P to Q
composed of line segments parallel and perpendicular to the x-axis. We use the formula:
d(P.Q) = [(x.y1),(x,Y2)]
d(P,Q) = 1/2(2-X11/2+]/%/2-y11/2

Letslook at the distance between points L(3,2) and M(4,6)
d(L,M) = ¥4-3Va+Y6- 2
= VYA YA
=5
Hereis agraph of two of the possible minimal paths from L to M.

8+
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There are three more paths that are a distance of five. Can you find them?

Using our new distance formula, we will now set out to find the solutions to the problems
proposed at the beginning of this paper.

Problem One

A dispatcher for Ideal City Police Department receives a report of an accident at X
=(-1,4). There are two police cars located in the area. Car Cisat (2,1) and car D isat (-1,-
1). Which car should be sent?

First lets graph the problem to see what we are looking at:

st

accident X
[] 4+
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The police cars cannot drive through peoples houses. They have to stick to the streets.
Taxicab geometry will be the best choice to solve this problem. One ssimply needs to
compare the distance in taxicab geometry from the dispatcher to each patrol car.

The distance between accident X and car Cis:
d(X’C) = [('1’4)’(2’1)]
=12-(-1)Ye+YA-4
=Y3Y%+ 143V
=3+3
=6
The distance between accident X and car D is:
d(X’D) = [('114)’('1"1)]
=12 1-(-1)Ye+ Y% 1-4%
= VPY+ 12514
=0+5
=5

Thus we can clearly see that car D is one block closer to accident X.

Problem Two

We want to draw school district boundaries such that every student is going to the closest
school. There are three schools: Jefferson at (-6, -1), Franklin at (-3, -3), and Roosevelt at
(2,2).
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Franklin
[

L]
Roosevelt

Jefferson

8+

Taxicab geometry will be alogical choice to find the solution because students will have to
stick to the streets when traveling to school. The solution to this problem can not be found
a once. The problem needs to be broken down into sections.

Section |
Lets first focus on a boundary between Franklin and Jefferson school. The boundary line
needs to fall on the points were the distance between Jefferson and Franklin are the same.
So we need:
d(Jefferson) = d(Franklin)
di(-6,-1),(x.y)] = d[(-3,3),(x,y)]
Yx+6Yat Vy+1Y/=Y/x+3Y+Yy-3Y>

Solving for x and y becomes more difficult with the absolute values. We need to look at
the cases were x+6<0 P x<-6, y+1<0 b y<-1, x+3<0 b x<-3, and y3<0 b y<3. This
trandates into nine different cases:
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-1Ey£3 y<-1 y>3
—-6E£XE-3 case | cae |V case VI
X< -6 caell caseV casellX
X>-3 case I cae VI case X

We look at these cases because the absolute values will change the solutions.

Casel:-1£y£3and—6£XE-3
Since ¥x+6¥2 0when —6 £ X £ -3, ¥x+6Y= x+6
Yy+120when -1 £y £ 3, Wy+1v= y+1

Yx+3¥£0when -6 £ X £ -3, ¥x+3Y/= -X +3
Yy-3V£0when -1 £y £ 3, Ya-3Y=-y +3

Now under the conditions-1£y £ 3and 6 £ x £ -3,
X+6+y+1=-Xx-3-y +3
X+ty+7=-X-Yy
y=-x—=7/2
When we make our table of values we see:

Casell: -1Ey£3andx <-6
Since ¥x+6%<0 when X < -6, ¥x+6Y= -x-6
Yy+120when-1£y £ 3, Yy+1V= y+1
x+3Y=<0 when x < -6, ¥x+3Y/= -x -3
Yy-3v£0when -1 £y £ 3, ¥-3Y= -y +3

Now under the conditions-1 £y £ 3and x < -6,
-X—6+y+1=-x-3-y+3
-X+y-5=-x-y
y =5/2
When we make our table of values we see:

Ceselll:-1£y£3andx>-3
Since ¥x+6Y2>0 when X > -3, ¥x+6Y= x+6
Yy+120when -1 £y £ 3, Yy+1V= y+1
Yx+3Y3 0 when x >-3, ¥x+3Y= x +3
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Yyy-3¥<0when-1£y £ 3, ¥y-3= -y +3 X y
-3 -1/2
Now under the conditions-1 £y £ 3and x > -3, -2 -2
X+6+y+1=x+3-y+3 -1 -1/2
X+y+7=X-y+6 0 -1/2
2y=-1
y=-1/2
When we make our table of values we see:

Below | have plotted the points and lines so far that follow d(Jefferson) =d(Franklin)

84

Franklin
°

[
Roosevelt

} } } } } } } } } } + } } } } } } } } }
-10 5 \ g 10

o
Jefferson

Cases 1V-1X: No solutions exist when we look at these cases. You may do the algebra
yourself to be convinced of this, but it is not necessary. By looking at the graph above, one
can obviously see that there will not be any more solutions. If you look in quadrant I11 and
IV, obviously any one living in the outer area will be closest to Jefferson school. Also
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looking in quadrants | and II, anyone living in these outer boundaries will be closer to
Franklin school.

Section 2:
We will now look at the boundary between Franklin and Roosevelt school. Again we want
to find the points that are equal distance from the two schools to create our boundary. We
are looking for :
d(Franklin) = d (Roosevelt)
d[(-3.3).(x.y)] =d[(2,2),(x.y)]
Yx+3Yaty-3Y= Yx- 2o+ Yy- 1Y

Again there are going to be different cases we need to look at., these cases are:

1£y£3 y<1 y>3

-3EXE?2

X>2

X<-3

Casel: 1£Ey£3and-3£XE2

Since ¥x+3¥2 Owhen -3 £ X £ 2, ¥x+3Y= x+3
Yy-3Y£0when 1 £y £ 3, Yy-3Y/= -y+3
Yx-2£0when -3 £ X £ 2, Yx-2Y= -x+2
Yy-120when1£y £ 3, Wy-1/=y-1

Under the conditions 1Ey£3and-3£x£2
X+3-y+3=-x+2+y-1

X-y+6=-x+y+1 X y
"2y =-2X-5 0 5/2
y:X+5/2 1 3/2

plug into atable of values:

Casell: x<-3 and y<1

Since ¥x+3Yx 0 when x<-3, ¥x+3V= -x-3
Yiy-3Y<0 when y<1, ¥y-3Y= -y+3
Yx-2Y<0 when x<-3, ¥x-2V= -x+2
Yy-1Y<0 when y<1, Yy-1V= -y+1

Under the conditions x<-3 and y<1,
-X—3-y+3=-x+2-y+1
-X—y=-X—-y+3
but0! 3 so thereis no solution for x<-3 and y<1
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Caselll:-3£x £ 2and y<1

Since ¥x+3¥2 Owhen -3 £ X £ 2, ¥x+3Y= x+3
Yy-3Y<0 when y<1, ¥-3Y= -y+3
Yx-2Y£0 when x<-3, ¥x-2Y= -x+2
Yy-1%<0 when y<1, ¥y-1V= -y+1

Under the conditions-3 £ x £ 2 and y<1, -3/2 1
X+3-y+3=-x+2-y+1 -3/2 0
X—y+6=-X—-y +3 -3/2 -1
2x=-3 32 -2

x=-3/2
Now plug into a table of values:

CaselV:-3ExE2andy 33

Since ¥x+32 Owhen -3 £ x £ 2, ¥x+3Y= x+3
Yy-3v2 0wheny 3 3, Vy-3Y=y-3
Yx-2%£0 when x<-3, ¥x-2Y= -x+2
Yy-1¥>0 wheny 3 3, Vy-1v= y-1

Under the conditions-3£X £ 2andy 3 3,
X+3+y—-3=-x+2+y-1
X+y=-x+y+1
2x=1
X=%

Yo
Yo
Yo

[GIE ML

plug into atable of values

Below | have plotted the points and lines so far that follow d(Roosevelt) = d(Franklin) with
adotted line.
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Cases V-1X: No solutions exist when we look at these cases. Again you may do the algebra
yourself to be convinced of this, but it is not necessary. By looking at the graph above, one
can obvioudy see that there will not be any more solutions. If you look in quadrant | and
IV, obviously any one living in the outer area will be closest to Roosevelt school. Also
looking in quadrant Il and 111, anyone living in these outer boundaries will be closer to
Franklin schooal.

Section 3
L ets now focus on a boundary between Roosevelt and Jefferson school. The boundary line

needs to fall on the points were the distance between Jefferson and Roosevelt are the
same. So we need :
d(Jefferson) = d(Roosevelt)
d[('G"1)1(X1y)] = d[(211)1(x1y)]
Yx+6Yar Yy +1Y=Yx- 29 Y12
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Again there are going to be different cases we need to look at., these cases are:

1Ey£1 y<-1

y>1

-6EXE 2

X>2

X<-6

Casel: -6Ex£2and y<-1

Since ¥x+6¥2 Owhen -6 £ X £ 2, ¥X+6%= x+6
Yy+1V/< Owheny < -1, Yy+1V/= -y +1
Yx-2v£ 0when -6 £ X £ 2, Yox-2Y= -X +2
Yy-1¥< Owheny < -1, Yy-1v= -y +1

Now under the conditions-6 £x£ 2and y <-1,
X+6-y—-1=-x+2-y+1
X—y+5=-x-y+3
2X=-2
x=-1

plug into atable of values:

Casell:-6Ex£2and-1£y£1

Since ¥x+6¥2 Owhen -6 £ x £ 2, ¥x+6Y= x+6
Yy+12 Owhen -1<y £ -1, Vy+1V= y+1
Yx-2%£ Owhen -6 £ X £ 2, YX-2Y= -X +2
Yy-1Y£0when-1£y £ -1, Vy-1V= -y +1

Now under the conditions-6 £x £ 2and -1 £y £ -1,
X+6+y+l=-x+2-y+1
X+y+7=-Xx-y+3
X+y=-x-y-—-4
y=-x-2
plug into atable of values
Caselll:-6Ex£2and y>1

Since ¥x+6¥2 Owhen -6 £ X £ 2, Yx+6Y= x+6
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Yy+1v> 0when y > 1, Yy+1Y= y+1
Yx-2v£ 0when -6 £ X £ 2, Yax-2Y= -X +2
Yy-1¥2> Owheny > 1, Yy-1v=y -1

Now under the conditions-6 £x£ 2and 1<vy,

X+6+y+1=-x+2+y-1 i(3 32/
X+y+7=-x+y+1 313
x=-0 3 |4

Xx=-3

plug into atable of values:

Below | have plotted the points and lines so far that follow d(Roosevelt) = d(Jefferson)
with athick line.
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Cases 1V-1X: No solutions exist when we look at these cases. Again you may do the
algebra yourself to be convinced of this, but it is not necessary. By looking at the graph
above, one can obvioudy see that there will not be any more solutions. If you look in
quadrant | and 1V, obviously any one living in the outer area will be closest to Roosevelt
school. Also looking in quadrant 11 and I11, anyone living in these outer boundaries will be
closer to Jefferson school.

Section 4

Now we need to look at the information and use some basic logic to interpret the
information we have. The previous figure has al the boundaries between two school

districts on it. We must first find the point were the three boundaries intersect. Thisisat (-
1/2,-1/2). Now we will look at each boundary from this point. | will label the boundaries
for ease of explanation as follows:
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Franklin -7
/-
+ °

\ m Roosevelt
Il I Il e Il Il

Jefferson p

First look at boundary kK, it is obviously a correct boundary because there is no other
boundary close that would properly divide Franklin and Jefferson. Boundary | was
intended to divide Jefferson and Roosevelt, this oundary is not necessary because the
points on this line are closest to Franklin. Since we removed |, m must stay to maintain a
boundary between Roosevelt and Franklin. Now boundary n is not necessary because it is
the boundary between Jefferson and Franklin. Roosevelt school is closer, so we can
remove n. Our boundary p is for Franklin and Roosevelt. But we are closer to Jefferson
and Roosevelt so we will disregard this boundary. Now o is left. We will keep this
boundary since p was removed, 0 must stay to maintain the boundary between Jefferson
and Roosevelt. After removing some of the boundaries, we have our final solution to a
school district such that everyone is attending the school they live closest to. Below is the
graph of this solution:
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ProblemThree

The telephone company wants to set up pay phone booths so that everyone living with in
12 blocks of the center of town is with in four blocks of a payphone booth. Money is tight,
the telephone company wants to put in the least amount of booths possible such that thisis
true.

Taxicab geometry is the logical choice for solving this problem. For the people can not
walk through backyards or jump over buildings to use the phone. They must stick to the
Street.

We must break this problem down into different sections.
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Section 1:

We must first draw the boundary lines that are with in 12 blocks of the center of town. To
do this we will need to find the areas that are £ 12 blocks. We need to look at the lines that
are adistance of 12 from the center of town. To do this look at the equation:
d((0,0).(x,y)] =12
Yx —QYa+ Yy-0y= 12

As in the previous problem, we must evaluate this formula with different cases because of
the absolute values. We must look at the following cases:

-12=x£0 12=x30

-12=y£0

12=y3 0

Casel:12=x3 0and12=y3 0
since ¥x-02 Owhen 12 =x3 0, ¥x-0v¥= x-0
|ly-0|=0when12=y 3 0, |y-0|=y-0

when12=x3 0and12=y 3 O,
x-0+y-0=12
y=-x+12

Casell:12=x3% 0and-12=y £0
since¥x-0v2 Owhen 12 =x 3 0, ¥x-0¥= x-0
|y-0|=0when-12=y £0, | y-0|=-y+0

when12=x3 0and-12=y £0
X—0-y+0=12
x-=12=y

Caselll:-12=x£0and-12=y £0
since ¥x-0%= 0when -12 =x £ 0, ¥x-0%= -x+0
|y-0|=0when-12=y £0, | y-0|=-y+0

when-12=x£0and-12=y £ 0,
-X+0-y+0=12
-x-12=y

CaelV:-12=x£0and 12=y3 0O,
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since ¥x-0%= 0when -12 =x £ 0, ¥x-0%= -x+0
|ly-0|=0when12=y 3 0, |y-0|=y-0

when-12=x£0and 12=y 3 O,
-Xx+0+y-0=12
y=x+12

We have found four lines, each in a different quadrant, that have a distance of 12 to the
origin. Below | have graphed our four cases to see the boundary were everyone with in
these lines are within twelve blocks of down town.

12

What we have done here is graphed a circle of radius 12 in taxicab geometry.
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Section 2

Now we need to find an equation for a line such that every one living on the boundary in
guadrant | will be with in four blocks of. We can find this line by using the equation
d(x,-x-12),(x1,y1)] = 4
[ X=X + (-x+12) -y, =4
we only need to look at the cases were we are with in our original boundary. Therefore
xi=xandyr=y.Now x—x; =X —x; and (-x+12) —y; =-x+12—-y;

X—X1+-Xx+12—-y, =4
-X1+8:y1
lets call thisline |

The equation -x; + 8 = y; gives us a line to place possible payphones that is the optimal
distance from our outer boundary in quadrant |. Everything between line | and our outer
boundary will be = 4 blocks of our line |. We now need to find the boundary line for
everyone that can use a phone located on line | that lives below it. To do this we will look
at the equation :
d[(x1,x1-8),(x2.y2)] =4
VXo-Xq Vot 1/312- (X1- 8)1/F 4

Again, we only need to look at the cases were we are with in our boundary. Therefore
X2 = X1 and Yo = y1. NOW Xo — X1 = -X2 +X3 and Yo-(-X3+8) = -yo+(-X; +8)
Now our equation becomes:

-X2 +X1-y2+(-X1 +8) =4
-X2 -yo+8 =4
Xt 4=y,
lets call thislinem

Now graph this equation to see the boundaries of our possible placement of phones.
Everyone living between the two thick lines will be with in four blocks of phones located
on the dotted line.

The Montana Mathematics Enthusiast, |SSN 1551-3440
Vol2, no.1, 2005 O Montana Council of Teachers of Mathematics



TMME, Vol2, no.1, p.56

As we did before, we must find a line below line such that people living on or below this
boundary ( line m) will be with in four blocks. To do this we will use the equation:
d[(XZ"X2+4)!(X3’y3)] =4

Again, we only need to look at the cases were we are with in our boundary. Therefore
X3 =X and y3 = yo. NOW X3 — X2 = -X3 +X2 and y3-(-Xo+4) = -y3+(-X +4)
Now our equation becomes:

X3 X2 -YatH(-X2 +4) = 4
-X3=Y3
lets call thislinen

If phones are placed along this line, everyone living between this line and the previous
boundary will be with in four blocks of a phone. Now we need to find the boundary such
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that people living below our new line will be with in four blocks of these phones. We use
the equation:

d[(xs,-Xa),(Xa, Ya)] = 4

Again, we only need to look at the cases were we are with in our boundary. Therefore
X4 = X3 and ys = y3. NOW X4 —X3 = -X4 +x3 and Ys-(-X3) = -Ya+(-X3)
Now our equation becomes:

-Xa X3 Yat(-Xs) = 4
-X4-4 = y4
lets call thisline o

When we graph these two lines we will see the boundaries ( lines m and o) such that
everyone living between the two will be with in four blocks of phones located on line n.

12
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This process needs to be repeated one more time. As we did before, we must find a line
below line o such that people living on or below this boundary will be with in four blocks
of a phone. To do this we will use the equation:

d[(x,-x4-4),(%s, Ys)] = 4

We only need to look at the cases were we are with in our boundary. Therefore
X5 = Xq4 aNd Y5 = ya. NOW X5 — X4 = -X5 +Xg and Y5-(-X4-4) = -Y5+(-X4-4)
Now our equation becomes:

-X5 +X4 Y5 +(-X4-4) = 4
-X5'8 = y5
Call thislinep

If phones are placed along this line p, everyone living between this line and the previous
boundary will be with in four blocks of a phone. Now we need to find the boundary such
that people living below our new line will be with in four blocks of these phones. We use
the equation:

d[ (¥6,-X5-8),(X6.Y6)] = 4

We only need to look at the cases were we are with in our boundary. Therefore
Xg = Xs and Y5 = Y5. NOW Xg — X5 = -Xg +X5 and Ys-(-X5-8) = -y+(-X5-8)
Now our equation becomes:

-Xg tX5 —Ye+(-%-8) =4
“Xe-12 =Yg
lets call thisline g
Line q is the same line as our outer boundary in quadrant I1l. Below | have graphed the
boundaries and the line that the phones can be placed on.
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We have found optimal lines to put our phone booths on, but we do not know were on
these lines to place them. We will need to find out more information.

Section 3

We will repeat the exact same process as in section two. This time we will start with
finding the line such that everyone living on the boundary in quadrant 1l is with in four
blocks of. From section 1, we know the equation for our outer boundary is y = x+12

We need to solve the equation:

d[(X7,X7+12),(X8,y8)] =4

For al the solutions to the upcoming problems in this section X, 3 Xp+1 and yy £ Yne1
because we only need to work within our stated boundaries. So the lines that we will be
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solving will always have x values greater than the previous line and y values less then the
previous line. Therefore al

d[(Xn,yn),(Xn+1,yn+1)] = 4!

YXne1-XnVE O When X £ X1, SO Yn+1-XnYE= Xne1-Xn

Yanr1-Yn2 O When yn 3 Yni1, SO Y4ne1-Yn/Z= -Yne1+yn

Back to solving d[ (x7,x7+12),(Xs,Ys)] = 4,
Xg-X7-Yg+(X7+12) = 4
Xg+8 =Yg
cal thisliner
If phones are placed along this line r, everyone living between this line and the previous
boundary will be with in four blocks of a phone. Now we need to find the boundary such
that people living below our new line will be with in four blocks of these phones. We use
the equation:
dl(%e,xe+8),(%0,yo)] = 4
Xo-Xg-Yo+(Xe+8) = 4
Xgt+4 = Yo
cal thislines

When we graph these two lines we will see that the lines s and y = x+12 (our outer
boundary) are boundaries such that everyone living between the two will be with in four
blocks of phones located on liner. | have graphed this below.

The Montana Mathematics Enthusiast, |SSN 1551-3440
Vol2, no.1, 2005 O Montana Council of Teachers of Mathematics



TMME, Vol2, no.1, p.61

10T

As we did before, we must find a line below line such that people living on or below this
boundary ( line s) will be with in four blocks. To do this we will use the equation:
d[(%,%e+4),(%10,y10)] =4
X10-X9-Y10+(Xo+4) = 4
X10 = Y10
cal thislinet

If phones are placed along this line t, everyone living between this line and the previous
boundary will be with in four blocks of a phone. Now we need to find the boundary such
that people living below our new line will be with in four blocks of these phones. We use
the equation:
d[(X10,X10),(X11,Y11)] = 4
X11-X10-Y11+%10 = 4
X11-4 = y11
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cdl thisline u

When we graph these two lines we will see that the lines r and u are boundaries such that
everyone living between the two will be with in four blocks of phones located on line t. |
have graphed this below.

12

101

-10+

-12

This process needs to be repeated one more time. As we did before, we must find a line
below line u such that people living on or below this boundary will be with in four blocks
of aphone. To do this we will use the equation:
d[(X11,X11-4),(X12,y12)] = 4
X12-X11-Y12+(X11-4) = 4
X12-8 = Y12
cal thislinev

If phones are placed along this line v, everyone living between this line and the previous
boundary will be with in four blocks of a phone. Now we need to find the boundary such
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that people living below our new line will be with in four blocks of these phones. We use
the equation:

d[ (X12,X12-4),(X13,y13)] =4

X13-X12-Y13+(X12-8) = 4
X13-12 =y13

lets call thislinew
Line w is the same line as our outer boundary in quadrant 1V. Below | have graphed the
boundaries and the line that the phones can be placed on.

-12

Section 4

Now we need to ssimply interpret our graph. The dotted lines in our graph above represent
optimal places to put our phone booths. Until now we have not had a specific location,
only aline for the booth to be placed on. Notice that the dotted lines intersect. These are
the points were phone booths should be located. You can see that all the work we have
done has divided our total area into 9 sections. Each one of these 9 sections as an
intersection. By the way we constructed our graph, we know these intersections are the
optimal places to put the least amount of phone booths such that everyone living with in 12
blocks of the center of town iswith in 4 blocks of a pay phone.
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We can see the taxicab geometry is a very useful model of urban geography. Only a pigeon
would benefit from the knowledge that the distance between two buildings on opposite
ends of a city is a strait line. For people, taxicab distance is the "real” distance. Taxicab
geometry has many applications and is relatively easy to explore. | challenge the reader to
explore other ideas in taxicab geometry. What do familiar geometric figures look like in
taxicab geometry. We have aready seen that circles in taxicab geometry look like squares.
Are other figures transmuted?
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