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ABSTRACT 
Mathematics has diverse applications as decision making tool. This study investigated the use of a 
proposed pure mathematical foirnulation (is. excluding human factor) for citing appropriately the loca- 
tion of political capital c i t p f  an inhabited designated area. Digitized data of Scale map of Nigeria as a 
case study was used as input to a FORTRAN 90 programme codes of an equivalent least squares 
method mathematical fornulation. The resulting simul$neous equations involving the political capital 
city coordinates as unknown variables were solved using Gauss Elimination Algorithm. The political 
capital city Cartesian coordinate prescribed as (26,24) in grids unit for the studied case of scale map 
of Nigeria compared visually satisfactorily with Abuja location on the Map. The Nigeria land area cover 
was under-estimated by 2.3% referencing 923,768 sq !un obtained from Microsofi Encarta Premium 
(2009). Similarly the Nigeria coastline was estimated,as 25.3% of the country's estimated perimeter 
(3369 km). This mathematical tool can be used to cite the centrally located capital city or capital city 
relocations economically, timely, accurately and reliably. This programme can also be used for citing 
of capital cities for other countries and center of any irregular shapes on two dimensional plane. 
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INTRODUCTION 
Mathematics plays several in~porrant roles 
in dkersc disciplines including political de- 
cGion making. It helps us not 0111~7 to count 
votes, b~i t  also sheds ltglrt on the question 
of whether same voting and apportioilment 
systems are fairer than others, 13ennett and 
saggs (2001). 

For political reasons among others the ac- 
ceptable mathematical statement h a  t 12 2/3 
approxh~atcd 13 d h g  t l ~ c  petition pro- 
ceeding of Nigeria 1979 Presidential elec- 
tion was a subject of post election llot de- 
bate, Reserved Judgements of the Supreme 
Court of Nigeria (1979). The inherent dan- 

ger of not acce$ng this mathematical settle- 
inent is better imagined t l ~ a i ~  witnessed. Ni- 
geria may have been unable to move forward 
provided that the stalemate can be managed. 
Political stalemate of this nature may degen- 
erate the nation to a war torn country. 

Political office holders ruling group of peo- 
ple living together on designated Lznd area 
herein referred to as "state" u s d y  have 
their operating offices located at political 
capital city. The political capital city, not nec- 
essarily the economic state capital, is any lo- 
cation mithin the designated 'land area as 
weeable to aU state inhabitants' representa- 
tives. 
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A substitute circular bouddafy close to 
Gellaally, the state bounda~y used to be points on the irregdat boundary was sought. 
irregular. T l ~ e  irreguhdty coupled with pa- The cintxe of the circular boupdvg is the 
litical factors can make political capidl sty ?sable' a$ the political cgpital city locarion. 
location tasking. Associated pxoblerns; oE T& formdation procedure is andogous to 
political capital city location nx2y discourage finding best line of fit to expedmental data 
tile creation of newer states and makes state using least squares method. Least squares 
slower development inevitable. Nige~ia en- linear regression method uses a rigorous 
joyed tiewPer states creation in 1939, 1963, mathematical procedure to kid a line that is 
1967, 197G and 1987 respectively, Jaiyeskni dose to all die data points (Holmapple and 
(2009). Although netvex state creation is Dan Reece, 2003). 
good for Jcvelopmcr~tal purposes, tlzc con- 
tinued agitation for more new statc crcation Purposely, all the state inhabitants living 
in Nigeria in recent times rclnaincd unim- along be edge of he state bound- 
plernented. The reasons may not be more ary are ~~i,..~ consideEed for access 
than political, among others. . . . ..; distance to ~ofitical~c1t-v locatidh'in economic 

5- 2; i"G4k-+= 3 CL, .- -- 
The present study proposes a inathematical 

rate per kilomkff;cA@$~$$~.~~,hh@nced con- 

fomddon hat is capable sideration may lead$o=x&riius agitations and 

appropriate polidcal capital city location tensed state. 
' 

using rigorous procedure and the Cartesian 
coordinates of the state irregular boundary, 

. . . ' -.. 
Let the Cottesian coordinate of political capital dty be represented as P C ~  (x, yC). 
Let Pi be an arbitrary point on the iL-regular boundary wih3@qt-e'_siaa:?a.dr&aw (xi, yi). 
l.cr lt be the radius of a substinlte ckcuhr boundary with centre!&J& (&,-J~): 
I,et Gi be the radii line that connects 13, and PCC. 

4 %  . ,, 
. - 

Espand the right hand side of equation (I) yields: 
.. ,' . . ~. 

. . 
. ',. . - . - .  ., 
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PREDICTION OF CENTIML LOCATION OF . . .. 

THEORY AND METHOD 

Substitqte 
Circle 

Figure 1: Arbitrary Designated Region Superinlposed with Substitute Circle of 
ratlius (R) - I . .  . . 

Source: Senior Secondary Atlas, 13dogun (2009).' 
- 

-- - .- m 

* 
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T.A.O. S;\T.AU' AND A.E. AFE1,EKEz . 

Using &quntion (3) ewor squarc toe11 \viU be: 

\ -# 

Where N iu the nu~nber of poi~lt Pi used to represent the irregular state boundary, Use 
equation (2) in equation (4) and Ict lt ,  be: 

. < 

The right hand side of equation (5) is now a function of 3-wllcnown constants: Ro, x, and 

To rnininjze err-or square total the following conditions must be satisfied: 

Implemkntation of equations (6) yields three (3) simultaneous equations in Ro, x, and y, as 
in equation (7). . - 

scale map of ~ k & ~  obt;rincd from Gauss Elimination method. Digitized data of 
Senior Secondary Atlas, Balog111(2009) and Scak m P  of Nigeda as case study was 
digitized using 3.5 rnm by 3.5 rnm square used input to a ~ O ~ ~ N  90 -Pro- 

gnds photocopied on atmspaxcncy at room gramme (AP~en&ces 1 and 2) codes of m 
temperature. The integer VdUc Cartes& equivalent least. squares method mathernati- 

coodinatcs ol+xined with thc grids (see Ta- ~ " 1  formulation. 
blc 1) was used in equations (7) to yield 
equation. (8). Equation (8) was solved using 
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. . 

RESULTS AND DISCUSSION 
Results for this study aie presctltcd in tables and figures as follows: 

Table 1: Cartesian coordinates of the Digitized Scale map of Nigeria in Grids 

Coordinates Coordinates Coordinates Coordinates 
S /  S/ x Y s /  x Y S/No x Y 
No s Y No 0 No 

1 16 1 26 13 7 51 38 I I ' 76 42 18 
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Table'l: Cartesian coordinates of the Digitized Scale map of Nigeria in Grids 
(Coritd.) 

Coordinates Coordi~lates . Coordinates Coorditliltes 

s /  S/ H y S /  x Y S/No x Y 
No s Y N o  N o  

101 48 28 126 51 37 151 50 39 176 18 41 

Centre 26 24 
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PREDICTION OF CENTRAL LOCATION OF . . ., 

Solving for tlze three unknown parameters in equation (8) yielded respectively % =-804.21 
grids, ~ ~ 2 5 . 8 7  grids, and yc=24.47 grids. In addition using equation (5) yields best repre- 
sentative radius (R ~21.54 grids) 

Figure 2: Digitized Scale map of Nigeria 

Digitized Scale Map of Nigeria With Centre Location fndicated 

J. Nat. Sci. Eng. Tech. ma, 10(2): 1-15 
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T.A.0. SALAUf AND A.E: ADELEIW 

~ e k t r i n ~  to Table I and F i p c  2 political ment. It is important to note that Abuja r e  
capital city coordinate location (i.c. (26, ,24) placed Lagos as the political capid of N i p  
in grids) prescribed fall to within the re- ria in 1991, a new city, built over< a decade [5, 
gional location of Abuja by visual asscss- 61 for 'equal access' to 2111 Nigerians. 

Figure 3: Digitized Scale Map of Nigeria Superimposed by Prescribed 
Circle of Radius 22 grids 

Scale Map of Nigeria and Superimposed by Prescribed Circle 
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PREDICTION OF CENTRAL LOCATTON OF . . .. 
Estimate of Land Arez Coeer aod 
~ o u n d a ~  ~erimerer 
ECS~ circlc substitute for scillc map of Nige- 
r-ia refers. The circle radius was cstinlated as 
21.54 grids. For a grid ofesizc 3.5mm the 

21.54x3.5=75.39inm 
circle radius is or 
7.5 Clll. 

Rcfcrring to the scalc map oh Nigeria 4.2cm 
is eq~u~ralent to 300 km, tl~ercfore the circle 

7.5x3008536knr 
radius is 4.2 

capial city location or relocation econorni- 
cally, timely, accurately, n d  reliably. In addi- 
tion developmental activities with its atten- 
dant clullenges involving engineers will im- 
plicitly suffez little or no delay thereby 
broadening knowledge bank at a faster rate. 
It is recommended that this propafna~e can 
be used kor citing of a central capital city or 
for relocating an existing capital city to a 
central location. 

REFERENCES 
Balogun O.Y. 2009, Senior Secondary At- 
bs, Lonpan Publishers, Ilceja, Lagos, Nige- 

Thercforc true estimated land Rrca cover of ria, 
Nigeria a t  substitute circle raciius of 536 km 
is ''Countties" Microsoft Encarta Preniium 

n~' = n x 536 x 5360 90293 1 sq kr~r 2009: Microsoft Corporation, 2008. 

In here 

22 n=- ccGovernment" Microsoft Encartst Kids 
2009: Microsoft hrporation, 2008. 

and' radius (R) is 536 km. 
If 923768 sq km quoted 1a11d nru cover of, Y. 2009, ?he Divy of currmt ~ f -  

Nigeria in the Microsoft Encrrta Premium f- and ~~~~~~l ~ ~ ~ ~ l ~ d ~ ~  on ~ i & ,  
(2009) is taken as standard the relative per- ~ f -  alld he world, ~ ~ ~ d ~ e ~ ~  pubhhus, 
centage under estimation enor due to the 26-28 scout camp shopping ~ ~ & ~ l ~ ,  C ~ J -  
present cstimate is 2.3Yo. lenge, Ibadan, Nigeria. 

Similarly the estimated perimeter of scale Jefftey O.B., William L-B. 2001, Using and 
m a p 0 f N i g e r i a i s Understanding Mathematics A.Quantitative 

Reasoning Approach, 24 Edition, Addison 
Wesley Publishing Company. 

The coastline (853 km) is thaeforc 25.3% 
of the estimated perimeter using t l~c Micro- Mark T.H., Dan Reece W. 2003, Founda- 
soft Encarta Premium (2009) figure as stan- tions of Engineering, 2nd Edition, McGraw- 
dard. Hd, pp. 221-223. 

CONCLUSION Reserved Judgements of the Supreme 
This study has shown that mathcrnatics can C o w  of Nigeria 1979,6-9SC, pp- 51-72. 
help in taking good decision about political 

J. Nat. Sci. Engr. Tech. 2011,10(2}: 1-l5 -9 -- , 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



'1'.,%.0. S;II,;\U' AND ,-\.E, ADELEKJZ3 
,- - 

App&-I= Flow Ch* Used to Generate the SO& ~cides ia ~ ~ ~ d r i v - 1 1  

Read Nrows and lvar 

Read Nx,(Xt(i), j=I,Nx) 

1 
Np =Np+ 1 , X(Np)=Xt(j) 

YWp) =float(i) 

10 / 

. , 
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PREDICTION OF CENTRAL LOCATION OF,. . . 

Write (Arr(1S) j = 1,3 ), Vect (i) 

I 
I 

I Call Gauss I I 
I 

% 
Write rsdius(I20) = Ac (1) 

1 

I 

Write best radius is R ,writ- 
best centre location (Xc,Yc) 
that minirnises error is &ac * 

I 
I 

Smgte = Pi2/72 

I 
I = 1.73 1 

1 
Angle=Sangle*float(i-1) 

' Xc=R*cos (angle) 
Yc=R*sin(angle) 

Write Nint(at(2) + Xc) ,Nint.(ac(3) + 
J 

. . 

. - - c 4 ,  ,", .s- " 
i r C 1  I ,  
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I A(1,J) ;art (IJ) 1 I A(1,J) 7 Vect (I) I 

I 
K = I, ivar 

I 
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PREDICTION OF CENTRAL LOCATION OF . . .. 
Appendix 11: FORTRAN Source Codes for solving centre location coordinate of 

Dd~~ignated Region Such as Scale Map of Nigeria 

C... This programme uses the cartesian coordinates of the boundary 
C....of any designated area to formulate 3-simultaneous linear equations 
-C....invoIving the best centre coordinate of a substitute &ular 
C .... bauntlary and the Radius. 
C....Thc resulting equations wvas solsrcd using Gauss Elimination Algorithm. 

Tmplicit rcal*8(a-h,o-z) 
Common ~rr(3,3),~cct(3)~\~(3),1vnr 
Dimension X(2000),Y(2000),St(200> 
Opcn(unit=I ,~e='Polificsh.Iaths',S~tus='old~ 
Opcn(writ=~file='l'oli ticsha ths.out') 
Open(unit=3,file=Toli&~tl'1Tmage.out~ 
l'i2=6.0*acos(0.5) 

C... Rcacl J~lix~t ~ W ~ P B M C ~ C ~ S  from filc (~lnit=i) 
C....as follow: 

Np=O 
ltead(1 ,*)Nrows,Ivar 
Do 10 i=l,Nrows 
lLead(1 ,*)Nx,@t(j),j=l ,Nx) 
Do 10 j=l,Nx 
Np=Np+l 
S(Np>=St(j) 
Y (Np)=float(i) 
\/ri tc(3,30)Tn t(x(Np)),Tnt(y(Np)) 

10 Continue 
C....Prcparc A m y  Entries as folloxv 

Arr(1 ,l)= float(np) 
Do 20 i=l,Np 
h r ( l  ,2)=Arr(1,2)+2*x(i) 
r\rr(l,3)=Arr(1,3)+2*y (i) 
Vcct(l)=Vect(l)+x(i)*+2+y(i)**2 . 

Arr(2,1)=0.5*Arr(lY2) 
~\rr(Z,Z)=Arr(2,2)+2"x(i)"'2 
Arr(2,3)=Arr(2,3)+2*x(i)?(i) 
Vec t(2)=Vect(2)+x(i)**3+s(i)*y(i)**2 
Arr(3,1)=0.SXAn(l ,3) 

A*(3,2)=Arr(2,3) 
Arr(3,3)=Arr(3,3)+25(i)*2 
Vcct(3)=Vect(3)+ y (i)*3+y (i)*x(i)**2 

30 (:otltit~iie . 

Do 40 i=1,3 
Wl*ite(2,35)(Arr(i,j),j=1,3),Vect(i) 

- -- 
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T"A.0. S--iL;\ U I AND X.E2 ADElJIKE2 

40 Cotltinue 
, 35 I~ormat(4(f12.2,2x)) 

C....Call Subroutine Gauss for Sulu tion of Resulting 3-si~nultaneous equatiot~s 
Call Gauss 
\Vtitc(*,*)'lhdius (Ro)=',l\c;(l) 
62=ac(2)%*2+ac(3)**2 
1U=Ac(l)+C2 
RzSqrt(R2) 
Write(*,*)%es t Radius 03) is =', 11 
Wxite(*?*) 
LVrite(*,*)'Best Centre Locntiotl (xc,yc) that h4iniwGse error is =', 
&ac(2) ,ac(3) , 
Write(3,*) 
\rVrite(3,30)Nint(ac(2)),Nint(2~(3)) 
Wsite(3,*) 
Smgle=pi2/72 
130 50 i=1,73 
Angle=Sangle*floa t(i-1) 
Sc=R*cos (angle) 
Yc=K*sin(nngle) 
W~ite(3,30)Nint(ac(2)+sc),Ninr(ac(3)+yc) 

50 Continue 
30 Fo1mat(2(i3 ,lZx))' 

Stop 
End 

C...SubroutL~e fox Implementing Gauss Elinlinatian Algorithm. 
Subrorttine Gauss 
Implicit real *8(a-h,o-2) 
Corninon Arr(3,3) ,Vect(3),llc(3),Ivar 
?Jirnension A(3,4) 
Do 10 i=l,iv~r 
Do 10 j=l,i=vsr+l 
If(j.le.ivar)then 
A(i,j)=arr(i,j) 
Else 
A (i,j)=Vect(i) 
Endif 

10 Continue 
Nnzivar-k 1 

Do 20 k=l,ivar 
klr = k+ 1 
Do 20 j=kk,lm 
A(lc,j)=a&>j>/aO~k) 
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,, .. . PREDICTION OF CENTRAL LOCAT1914 OF . . .. 
110 20 i=l ,bar 
1 f(k-il30,20,30 

30 il (i,j)=a(ij)-a(hk)*ill(k,j) 
30 Continue 

110 40 i=l ,ir~ar 
Ac(i)=n(i,nn) 

40 Continue 
I<: tun1 
l h d  
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