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Sets of linear equationsSets of linear equations
Real world problems are presented through a set of Real world problems are presented through a set of 
simultaneous equationssimultaneous equations

Solving a set of simultaneous linear equations needs Solving a set of simultaneous linear equations needs 
several efficient techniquesseveral efficient techniques
We need to represent the set of equations through matrix We need to represent the set of equations through matrix 
algebraalgebra
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Matrix notationMatrix notation

MatrixMatrix : a rectangular array (n x m) of numbers: a rectangular array (n x m) of numbers

Matrix Addition:Matrix Addition:
C = A+B = [C = A+B = [aaijij++ bbijij] = [] = [ccijij],  where ],  where 

Matrix Multiplication:Matrix Multiplication:
AB = C = [AB = C = [aaijij][b][bijij] = [] = [ccijij], where ], where 
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Matrix notation contMatrix notation cont……

*AB*AB BABA
kAkA = C= C, where, where

A general relation for Ax = b isA general relation for Ax = b is
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Matrix notation contMatrix notation cont……
Matrix multiplication gives set of linear equations as:Matrix multiplication gives set of linear equations as:
aa1111xx11+ a+ a1212xx22++……++ aa1n1nxxnn = b= b11,,
aa2121xx11+ a+ a2222xx22++……++ aa2n2nxxnn = b= b22,,
.. .. ..
.. .. ..
.. .. ..
aan1n1xx11+ a+ an2n2xx22++……++ aannnnxxnn == bbnn,,

In simple matrix notation we can write:In simple matrix notation we can write:
Ax = b, whereAx = b, where

,

...
..
..
.

...

...

21

.
22221
11211

nmnn

m
m

aaa

aaa
aaa

A ,

.

.

.
2
1

nx

x
x

x ,

.

.

.
2
1

nb

b
b

b



Matrix notation contMatrix notation cont……

Diagonal matrix ( only diagonal elements of a Diagonal matrix ( only diagonal elements of a 
square matrix are nonzero and all offsquare matrix are nonzero and all off--diagonaldiagonal
elements are zero)elements are zero)
Identity matrix ( diagonal matrix with all Identity matrix ( diagonal matrix with all 
diagonal elements unity and all offdiagonal elements unity and all off--diagonaldiagonal
elements are zero)elements are zero)
The order 4 identity matrix is shown belowThe order 4 identity matrix is shown below

.
1000
0100
0010
0001

4I



Matrix notation contMatrix notation cont……

fec
db

a
L 0

00Lower triangular matrixLower triangular matrix::
if all the elements above the if all the elements above the 
diagonal are zerodiagonal are zero

Upper triangular matrixUpper triangular matrix::
if all the elements below the if all the elements below the 
diagonal are zerodiagonal are zero

TriTri--diagonal matrixdiagonal matrix: if : if 
nonzero elements only on nonzero elements only on 
the diagonal and in the the diagonal and in the 
position adjacent to the position adjacent to the 
diagonal
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Matrix notation contMatrix notation cont……

ExamplesExamplesTranspose of a matrix A Transpose of a matrix A 
(A(ATT): Rows are written as ): Rows are written as 
columns or columns or visvis a versa.a versa.

Determinant of a square Determinant of a square 
matrix A is given by: 211
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Amatrix A is given by:
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Matrix notation contMatrix notation cont……

Characteristic polynomial Characteristic polynomial ppAA(( )) andand eigenvalueseigenvalues
of a matrix:of a matrix:

Note:Note: eigenvalueseigenvalues are most important in applied are most important in applied 
mathematicsmathematics
For a square matrix A: we define For a square matrix A: we define ppAA(( ) as) as

ppAA(( ) = ) = AA -- II == det(Adet(A -- I).I).
If we set If we set ppAA(( ) = 0, solve for the roots, we get ) = 0, solve for the roots, we get 
eigenvalueseigenvalues of Aof A
If A is n x n, then If A is n x n, then ppAA(( ) is polynomial of degree ) is polynomial of degree 
nn
EigenvectorEigenvector w is a nonzero vector such that w is a nonzero vector such that 
Aw=Aw= ww, i.e., , i.e., (A(A -- I)w=0I)w=0



Methods of solution of set of equationsMethods of solution of set of equations
Direct methods are those that provide the solution in a finite and pre-

determinable number of operations using an algorithm that is often 
relatively complicated. These methods are useful in linear system of 
equations.

Direct methods of solutionDirect methods of solution
Gaussian elimination methodGaussian elimination method

Step1Step1: Using Matrix notation we can represent the set of equations as: Using Matrix notation we can represent the set of equations as
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Methods of solution contMethods of solution cont……
Step2: The Augmented coefficient matrix with the rightStep2: The Augmented coefficient matrix with the right--hand side hand side 
vectorvector

Step3: Transform the augmented matrix into Upper triangular formStep3: Transform the augmented matrix into Upper triangular form

Step4:Step4: The array in the upper triangular matrix represents the The array in the upper triangular matrix represents the 
equations which after Backequations which after Back--substitution gives the solution the values substitution gives the solution the values 
of xof x11,x,x22,x,x33

13311
8413
15124

bA

,
13311
8413
15124

371120
7719100
15124

31
21

4)1(
43
RR
RR

2167200
7719100
15124

32 102 RR



Method of solution contMethod of solution cont……

During the During the triangularizationtriangularization step, if a zero is step, if a zero is 
encountered on the diagonal, we can not use encountered on the diagonal, we can not use 
that row to eliminate coefficients below that that row to eliminate coefficients below that 
zero element, in that case we perform the zero element, in that case we perform the 
elementary row operationselementary row operations
we begin with the previous augmented we begin with the previous augmented 

matrixmatrix
in a large set of equations multiplications in a large set of equations multiplications 

will give very large and unwieldy numbers to will give very large and unwieldy numbers to 
overflow the computers register memory, we overflow the computers register memory, we 
will therefore eliminate awill therefore eliminate ai1i1/a/a1111 times the first times the first 
equation from the i equation from the i thth equationequation



Method of solution contMethod of solution cont……
to guard against the zero in diagonal elements, to guard against the zero in diagonal elements, 
rearrange the equations so as to put the rearrange the equations so as to put the 
coefficient of largest magnitude on the diagonal at coefficient of largest magnitude on the diagonal at 
each step. This is called each step. This is called PivotingPivoting. The diagonal . The diagonal 
elements resulted are called pivot elements. elements resulted are called pivot elements. 
Partial pivoting , which places a coefficient of Partial pivoting , which places a coefficient of 
larger magnitude on the diagonal by row larger magnitude on the diagonal by row 
interchanges only, will guarantee a nonzero divisor interchanges only, will guarantee a nonzero divisor 
if there is a solution of the set of equations.if there is a solution of the set of equations.

The roundThe round--off error (chopping as well as rounding) off error (chopping as well as rounding) 
may cause large effects. In certain cases the may cause large effects. In certain cases the 
coefficients sensitive to round off error, are called coefficients sensitive to round off error, are called 
illill--conditioned matrixconditioned matrix..



Method of solution contMethod of solution cont……
LU decompositionLU decomposition of Aof A

if the coefficient matrix A can be decomposed if the coefficient matrix A can be decomposed 
into lower and upper triangular matrix then we into lower and upper triangular matrix then we 
write: A=L*U, usually we get L*U=Awrite: A=L*U, usually we get L*U=A’’, where A, where A’’ isis
the permutation of the rows of A due to row the permutation of the rows of A due to row 
interchange from pivotinginterchange from pivoting
Now we get Now we get det(Ldet(L*U)=*U)= det(Ldet(L)*)*det(Udet(U)=)=det(Udet(U))
ThenThen det(Adet(A)=)=det(Udet(U))

GaussGauss--Jordan methodJordan method
In this method, the elements above the diagonal In this method, the elements above the diagonal 
are made zero at the same time zeros are are made zero at the same time zeros are 
created below the diagonalcreated below the diagonal



Method of solution contMethod of solution cont……

Usually diagonal elements are made unity, Usually diagonal elements are made unity, 
at the same time reduction is performed, at the same time reduction is performed, 
this transforms the coefficient matrix into this transforms the coefficient matrix into 
an identity matrix and the column of the an identity matrix and the column of the 
right hand side transforms to solution right hand side transforms to solution 
vectorvector

Pivoting is normally employed to preserve Pivoting is normally employed to preserve 
the arithmetic accuracythe arithmetic accuracy



Method of solution contMethod of solution cont……

Example:GaussExample:Gauss--Jordan methodJordan method
Consider the augmented matrix asConsider the augmented matrix as

Step1: Interchanging rows one and four, dividing the first Step1: Interchanging rows one and four, dividing the first 
row by 6, and reducing the first column gives

65616
71034
22322
01020

row by 6, and reducing the first column gives

01020
1133340.4466670.30
466670.3566670.10
183335.0116667.01



Method of solution contMethod of solution cont……

Step2: Interchanging rows 2 and 3, dividing the Step2: Interchanging rows 2 and 3, dividing the 
22ndnd row by row by ––3.6667, and reducing the second 3.6667, and reducing the second 
column givescolumn gives

Step3: We divide the 3Step3: We divide the 3rdrd row by 15.000 and row by 15.000 and 
make the other elements in the third column make the other elements in the third column 
into zeros

8000.44000.39998.500
8000.194000.120000.1500
4000.22000.29999.210
4000.12000.15000.101

into zeros



Method of solution contMethod of solution cont……

11970.355990.1000
32000.182667.0100
55990.127993.0010
58000.004000.0001

Step4: now divide the 4Step4: now divide the 4thth row by 1.5599 and create zeros row by 1.5599 and create zeros 
above the diagonal in the fourth columnabove the diagonal in the fourth column

99990.11000
33326.00100
00010.10010
49999.00001



Method of solution contMethod of solution cont……

Other direct methods of solutionOther direct methods of solution
CholeskyCholesky reductionreduction (Doolittle(Doolittle’’s method)s method)

Transforms the coefficient matrix,A, into the Transforms the coefficient matrix,A, into the 
product of two matrices, L and U, where U has product of two matrices, L and U, where U has 
ones on its main diagonal.Then ones on its main diagonal.Then LU=ALU=A can becan be
written aswritten as
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Method of solution contMethod of solution cont……

The general formula for getting the The general formula for getting the 
elements of L and U corresponding to the elements of L and U corresponding to the 
coefficient matrix for n simultaneous coefficient matrix for n simultaneous 
equation can be written  asequation can be written  as
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Method of solution contMethod of solution cont……
Iterative methods consists of repeated application 

of an algorithm that is usually relatively simple
Iterative method of solutionIterative method of solution

coefficient matrix is sparse matrix ( has many coefficient matrix is sparse matrix ( has many 
zeros), this method is rapid and preferred over zeros), this method is rapid and preferred over 
direct methods, direct methods, 

applicable to sets of nonlinear equationsapplicable to sets of nonlinear equations

Reduces computer memory requirementsReduces computer memory requirements

Reduces roundReduces round--off error in the solutions off error in the solutions 
computed by direct methodscomputed by direct methods



Method of solution contMethod of solution cont……

Two types of iterative methods: These methods are Two types of iterative methods: These methods are 
mainly useful in nonlinear system of equations.mainly useful in nonlinear system of equations.

Iterative MethodsIterative Methods

Point iterative methodPoint iterative method Block iterative methodBlock iterative method

JacobiJacobi methodmethod GaussGauss--SiedelSiedel MethodMethod Successive overSuccessive over--relaxation methodrelaxation method



Methods of solution contMethods of solution cont……
JacobiJacobi methodmethod

Rearrange the set of equations to solve for the variable Rearrange the set of equations to solve for the variable 
with the largest coefficientwith the largest coefficient

Example:Example:

Some initial guess to the values of the variablesSome initial guess to the values of the variables
Get the new set of values of the variables
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,1126
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Methods of solution contMethods of solution cont……

JacobiJacobi method contmethod cont……
The new set of values are substituted in the right The new set of values are substituted in the right 
hand sides of the set of equations to get the next hand sides of the set of equations to get the next 
approximation and the process is repeated till the approximation and the process is repeated till the 
convergence is reachedconvergence is reached

Thus the set of equations can be written asThus the set of equations can be written as
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Methods of solution contMethods of solution cont……
GaussGauss--SiedelSiedel methodmethod

Rearrange the equations such that each diagonal entry is Rearrange the equations such that each diagonal entry is 
larger in magnitude than the sum of the magnitudes of larger in magnitude than the sum of the magnitudes of 
the other coefficients in that row (the other coefficients in that row (diagonally dominantdiagonally dominant))

Make initial guess of all unknowns Make initial guess of all unknowns 

Then Solve each equation for unknown, the iteration will Then Solve each equation for unknown, the iteration will 
converge for any starting guess valuesconverge for any starting guess values

Repeat the process till the convergence is reachedRepeat the process till the convergence is reached



Methods of solution contMethods of solution cont……

GaussGauss--Siedel method contSiedel method cont……
For any equation For any equation Ax=cAx=c we can write we can write 

In this method the latest value of the In this method the latest value of the xxii areare
used in the calculation of further used in the calculation of further xxi
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Methods of solution contMethods of solution cont……
Successive overSuccessive over--relaxation methodrelaxation method

This method rate of convergence can be This method rate of convergence can be 
improved by providing acceleratorsimproved by providing accelerators

For any equation For any equation Ax=cAx=c we can writewe can write

,1~ 1

1 1

11 i

j

n

ij

k
jij

k
jiji

ii

k
i xaxac

a
x

ni ,...,2,1)~( 11 k
i

k
i

k
i

k
i xxwxx



Methods of solution contMethods of solution cont……

Successive overSuccessive over--relaxation method contrelaxation method cont……
Where        determined using standard Where        determined using standard 
GaussGauss--Siedel algorithmSiedel algorithm

k=iteration level, k=iteration level, 
w=acceleration parameter (>1)w=acceleration parameter (>1)

Another formAnother form
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Methods of solution contMethods of solution cont……

Successive overSuccessive over--relaxation method cont..relaxation method cont..
Where 1<w<2:     SOR methodWhere 1<w<2:     SOR method

0<w<1:     weighted average Gauss 0<w<1:     weighted average Gauss 
Siedel method Siedel method 
Previous value may be needed in nonlinear Previous value may be needed in nonlinear 
problemsproblems
It is difficult to estimate wIt is difficult to estimate w



Matrix InversionMatrix Inversion
Sometimes the problem of solving the linear Sometimes the problem of solving the linear 
algebraic system is loosely referred to as matrix algebraic system is loosely referred to as matrix 
inversioninversion

Matrix inversion means, given a square matrix [A] Matrix inversion means, given a square matrix [A] 
with nonzero determinant, finding a second with nonzero determinant, finding a second 
matrix [Amatrix [A--11] having the property that [A] having the property that [A--11][A]=[I],][A]=[I],
[I] is the identity matrix[I] is the identity matrix

[[A]xA]x=c=c
x= [Ax= [A--11]c]c
[A[A--11][A]=[I]=[A][A][A]=[I]=[A][A--11]]



Pathology of linear systemsPathology of linear systems
Any physical problem modeled by a set of linear Any physical problem modeled by a set of linear 
equationsequations

RoundRound--off errors give imperfect prediction of off errors give imperfect prediction of 
physical quantities, but assures the existence of physical quantities, but assures the existence of 
solutionsolution

Arbitrary set of equations may not assure unique Arbitrary set of equations may not assure unique 
solution, such situation termed as solution, such situation termed as ““pathologicalpathological””

Number of related equations less than the number Number of related equations less than the number 
of unknowns, no unique solution, otherwise unique of unknowns, no unique solution, otherwise unique 
solutionsolution



Pathology of linear systems contPathology of linear systems cont……
Redundant equations (infinity of values of Redundant equations (infinity of values of 

unknowns)unknowns)
x + y = 3,x + y = 3, 2x + 2y = 62x + 2y = 6

Inconsistent equations (no solution) Inconsistent equations (no solution) 
x + y = 3,x + y = 3, 2x + 2y = 72x + 2y = 7

Singular matrixSingular matrix (n x n system, no unique solution)(n x n system, no unique solution)
Nonsingular matrixNonsingular matrix, coefficient matrix can be , coefficient matrix can be 

triangularizedtriangularized without having zeros on the diagonal without having zeros on the diagonal 

Checking inconsistency, redundancy and singularity of Checking inconsistency, redundancy and singularity of 
set of equations:set of equations:
Rank of coefficient matrix (rank less than n gives Rank of coefficient matrix (rank less than n gives 

inconsistent, redundant and singular system)inconsistent, redundant and singular system)



Solution of nonlinear systemsSolution of nonlinear systems
Most of the real world systems are nonlinear and the Most of the real world systems are nonlinear and the 
representative system of algebraic equation are also representative system of algebraic equation are also 
nonlinearnonlinear
Theoretically many efficient solution methods are available Theoretically many efficient solution methods are available 
for linear equations, consequently the efforts are put to for linear equations, consequently the efforts are put to 
first transform any nonlinear system into linear systemfirst transform any nonlinear system into linear system
There are various methods available for linearizationThere are various methods available for linearization

Method of iterationMethod of iteration
Nonlinear system, exampleNonlinear system, example::
AssumeAssume x=f(x,y),  y=g(x,y)x=f(x,y),  y=g(x,y)
Initial guess for both x and yInitial guess for both x and y
Unknowns on the left hand side are computed   iteratively. Unknowns on the left hand side are computed   iteratively. 
Most recently computed values are used in evaluating right Most recently computed values are used in evaluating right 
hand side

1;422 yeyx x

hand side



Solution of nonlinear systemsSolution of nonlinear systems

Sufficient condition for convergence of this Sufficient condition for convergence of this 
procedure isprocedure is

In an interval about the root that includes the initial In an interval about the root that includes the initial 
guessguess
This method depends on the arrangement of x and This method depends on the arrangement of x and 
y i.e how y i.e how x=f(x,y),x=f(x,y), andand y=g(x,y)y=g(x,y) are writtenare written
Depending on this arrangement, the method may Depending on this arrangement, the method may 
converge or diverge
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Solution of nonlinear systemsSolution of nonlinear systems
The method of iteration can be generalized to n The method of iteration can be generalized to n 
nonlinear equations with n unknowns. In this case, nonlinear equations with n unknowns. In this case, 
the equations are arranged as the equations are arranged as 

A sufficient condition for the iterative process to A sufficient condition for the iterative process to 
converge is converge is 
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Newton technique of linearization Newton technique of linearization 
Linear approximation of the function using a tangent to the Linear approximation of the function using a tangent to the 
curvecurve
Initial estimate Initial estimate xx00 not too far from the rootnot too far from the root
Move along the tangent to its intersection with xMove along the tangent to its intersection with x--axis, and axis, and 
take that as the next approximationtake that as the next approximation
Continue till xContinue till x--values are sufficiently close or function value values are sufficiently close or function value 
is sufficiently near to zerois sufficiently near to zero
NewtonNewton’’s algorithm is widely used because, at least in the s algorithm is widely used because, at least in the 
near neighborhood of a root, it is more rapidly convergent near neighborhood of a root, it is more rapidly convergent 
than any of the other methods.than any of the other methods.
Method is Method is quadraticallyquadratically convergent, error of each step convergent, error of each step 
approaches a constant K times the square of the error of approaches a constant K times the square of the error of 
the  previous step.the  previous step.



Newton technique of linearization Newton technique of linearization 
The number of decimal places of accuracy doubles at each The number of decimal places of accuracy doubles at each 
iterationiteration
Problem with this method is that of finding of Problem with this method is that of finding of ff’’(x(x).).
First derivative First derivative ff’’(x(x) can be written as) can be written as

We continue the calculation by computingWe continue the calculation by computing

In more general form,
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NewtonNewton--RaphsonRaphson methodmethod
F(x,y)=0, G(x,y)=0F(x,y)=0, G(x,y)=0
Expand the equation, using Taylor series about Expand the equation, using Taylor series about xxnn andand yynn

Solving for h and kSolving for h and k

Assume initial guess for Assume initial guess for xxnn,y,ynn
Compute functions, derivatives and Compute functions, derivatives and xxnn,y,ynn, h and k, Repeat procedure
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NewtonNewton--RaphsonRaphson methodmethod
For n nonlinear equationFor n nonlinear equation
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PicardPicard’’ss technique of linearizationtechnique of linearization

Nonlinear equation is linearized through:Nonlinear equation is linearized through:
PicardPicard’’ss technique of linearizationtechnique of linearization
Newton technique of linearizationNewton technique of linearization
TheThe Picard'sPicard's method is one of the most commonly method is one of the most commonly 
used scheme to solve the set of nonlinear used scheme to solve the set of nonlinear 
differential equations. differential equations. 
TheThe Picard'sPicard's method usually provide rapid method usually provide rapid 
convergence.convergence.
A distinct advantage of the A distinct advantage of the Picard'sPicard's scheme is the scheme is the 
simplicity and less computational effort per iteration simplicity and less computational effort per iteration 
than more sophisticated methods like Newtonthan more sophisticated methods like Newton--
RaphsonRaphson method.method.



PicardPicard’’ss technique of linearizationtechnique of linearization

The general (parabolic type) equation for flow in a The general (parabolic type) equation for flow in a 
two dimensional, anisotropic nontwo dimensional, anisotropic non--homogeneoushomogeneous
aquifer system is given by the following equationaquifer system is given by the following equation

Using the finite difference approximation at a Using the finite difference approximation at a 
typical interior node, the above ground water typical interior node, the above ground water 
equation reduces to 
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PicardPicard’’ss technique of linearizationtechnique of linearization

WhereWhere
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PicardPicard’’ss technique of linearizationtechnique of linearization
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Solution of ManningSolution of Manning’’s equation by Newtons equation by Newton’’ss
techniquetechnique

Channel flow is given by the following equationChannel flow is given by the following equation

There is no general analytical solution to ManningThere is no general analytical solution to Manning’’s equation s equation 
for determining the flow depth, given the flow rate as the for determining the flow depth, given the flow rate as the 
flow area A and hydraulic radius R may be complicated flow area A and hydraulic radius R may be complicated 
functions of the flow depth itself..functions of the flow depth itself..
NewtonNewton’’s technique can be iteratively used to give the s technique can be iteratively used to give the 
numerical solution numerical solution 
Assume at iteration j the flow depth Assume at iteration j the flow depth yyjj is selected and the is selected and the 
flow rate flow rate QQjj is computed from above equation, using the is computed from above equation, using the 
area and hydraulic radius corresponding toarea and hydraulic radius corresponding to yyjj

3/22/11 ARS
n
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ManningManning’’s equation by Newtons equation by Newton’’s techniques technique

ThisThis QQjj is compared with the actual flow Qis compared with the actual flow Q
The selection of y is done, so that the error The selection of y is done, so that the error 

Is negligibly smallIs negligibly small
The gradient of f The gradient of f w.r.tw.r.t y isy is

Q is a constant

QQyf jj )(

j

j

j dy
dQ

dy
df

Q is a constant



ManningManning’’s equation by Newtons equation by Newton’’s techniques technique

Assuming ManningAssuming Manning’’s n constants n constant

The subscript j outside the parenthesis indicates that the conteThe subscript j outside the parenthesis indicates that the contents are nts are 
evaluated for y=evaluated for y=yyj

j
j

j
jjo

j
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jjo
j

dy
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ManningManning’’s equation by Newtons equation by Newton’’s techniques technique

Now the NewtonNow the Newton’’s method is as followss method is as follows

Iterations are continued until there is no significant change Iterations are continued until there is no significant change 
in y, and this will happen when the error f(y) is very close to in y, and this will happen when the error f(y) is very close to 
zero
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j yy
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ManningManning’’s equation by Newtons equation by Newton’’s techniques technique

NewtonNewton’’s method equation for solving Mannings method equation for solving Manning’’s equation:s equation:

For a rectangular channel A=For a rectangular channel A=BBwwyy, R=B, R=Bwwy/(By/(Bww+2y) where +2y) where BBww
is the channel width, after the manipulation, the above is the channel width, after the manipulation, the above 
equation can be written as 

j

j
jj

dy
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R
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equation can be written as 
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AssignmentsAssignments
1. Solve the following  set of equations by Gauss elimination: 1. Solve the following  set of equations by Gauss elimination: 

Is row interchange necessary for the above equations?Is row interchange necessary for the above equations?

2. Solve the system2. Solve the system

a. Using the Gaussa. Using the Gauss--JacobiJacobi methodmethod
b. Using the Gaussb. Using the Gauss--SiedelSiedel method. How much faster is the method. How much faster is the 

convergence than in part (a).?convergence than in part (a).?
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AssignmentsAssignments
3. Solve the following system by Newton3. Solve the following system by Newton’’s method s method 

to obtain the solution near (2.5,0.2,1.6) to obtain the solution near (2.5,0.2,1.6) 

4. Beginning with (0,0,0), use relaxation to solve 4. Beginning with (0,0,0), use relaxation to solve 
the system the system 
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AssignmentsAssignments
5. Find the roots of the equation to 4 significant 5. Find the roots of the equation to 4 significant 

digits using Newtondigits using Newton--RaphsonRaphson methodmethod

6. Solve the following simultaneous nonlinear 6. Solve the following simultaneous nonlinear 
equations using Newtonequations using Newton--RaphsonRaphson method. Use method. Use 
starting valuesstarting values
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