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CRAMER’S RULE

If                   , then the solution              of 

the system of linear equations 

is given by

where ∆ = det A and ∆i = det A(i), where A(i) is the 

matrix obtained by replacing the ith column of A

by b.

det 0≠A [ ]ix=x

i
ix ∆

=
∆

1, 2, ,i n=

=Ax b



Determinant of A
For a 3 x 3 matrix 

Remark

An extension of the above procedure can 
be used to find det A of any n x n matrix M. 
However, for n > 3, it is too cumbersome and error 
prone to compute determinants manually. Almost 
every numerical analysis software includes a 
subroutine to compute determinants.
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A

11 22 33 23 32det ( )a a a a a= −A

21 12 33 13 32( )a a a a a− −

31 12 23 22 13( )a a a a a+ − ∆



Determinant of A

Given 
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Minor and Cofactor of aij of A
Definition:

The determinant of the (n-1) x (n-1) matrix 
formed by deleting the ith row and the jth column 
of the n x n matrix A is called the minor of 
element aij of A, and is denoted by Mij.

The number

is called the cofactor of aij.

Remark

The signs (-1)i+j form a checkerboard pattern:
+ − + 

 − + − 
 + − +
 
 

( 1)i j
ij ijA M+= −



Problem :

Find v2.

Solution-by-Inspection
Step1. Find voltage component solutions.

2A 3Ω

4Ω

i4

i2
+

_v2

1 2

v1+

6V+-2A 3Ω

4Ω

i4

i2

i1

i3

_

v3

+

_

v4
+

_v2

+1

3

2
e1 e2

_

6V +-3Ω

4Ωi2
+

_
v2

open
circuit

short
circuit

The 2 resistors in the simplified 
circuit are connected in parallel:

2
3 4 (2)

3 4
v  ′ =  + 

i

24
7

V=

The simplified circuit is a voltage
divider:

2
3 (6)

3 4
v  ′′ =  + 

18
7

V=

Step2. Add voltage component solutions.

2 1 2
24 18 42
7 7 7

v v v V′ ′′= + = + =



Let us rearrange all 10 independent equations as follow:
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4 4
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9 9
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Let us rearrange all 10 independent equations as follow:
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Let us rearrange all 10 independent equations as follow:
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