
CRAMER’S METHOD 

Example 1. Solve this system using Cramer’s method: 
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Solution. Let’s find the determinant of the given system: 
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Its determinant is non-zero. Let’s apply the formulas by Cramer: 
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Checking by substitution 321 ,, xxx  into the initial system: 
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INVERSE MATRIX METHOD 

Example 2. Let’s find the solution of the system from example 1.  

Solution. Here 
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Let’s calculate the determinant of the given system: 
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Its determinant is non-zero. Let’s find the inverse matrix by cofactors: 
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The solution of given system is BAX  1
. Then  
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 Thus, 11 x , 22 x , 33 x . 

 

ELEMENTARY ROW OPERATIONS (OR ELEMENTARY TRANSFORMATIONS) ARE: 

1) interchanging (exchanging) two different rows;  

2) adding a multiple of one row to another row;  

3) multiplying one row by a non-zero constant; 

4) crossing out one of the same row; 

5) crossing out zero row. 

 

 



JORDAN–GAUSS METHOD  

Example 3. Let’s find the solution of the system from example 1.  

Solution. By elementary row operations of the augmented matrix, we obtain  
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1 2 3 14 1 2 3 14 [1] [2] ( 2)
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1 0 1 2 1 0 1 2 [1] [3] 1 0 0 1
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Then write down the received augmented matrix as this system: 
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KRONECKER–CAPELLI THEOREM 

1. A linear system is consistent if its basic matrix and its augmented matrix have the 

same rank, i. e. BArangArang  .  

A consistent system is determined if the ranks are equal to the unknowns number, i. e. 

nBArangArang  .  

2. A consistent system is undetermined if the ranks are less than the unknowns number, 

i. e. nBArangArang  .  

3. A linear system is inconsistent if its basic matrix and its augmented matrix have the 

different rank, i. e. BArangArang  .   

If nBArangArang  , then carrying out the backward way we obtain the 

corresponding values of unknowns.  

If nrBArangArang  , then we should choose the main (basic) unknowns, i. e. 

those ones which coefficients generate the unit matrix. The basic variables are remained on the 

left, and other rn  variables are transposed to the right parts of equations. The variables 

placed on the right part of the system are called free variables. The basic variables are 

expressed through free ones using the backward way. The obtained equalities are the general 

solution of the system. 



Assigning to free variables any numeric values, we can find corresponding values of the 

basic variables. Thus we can find the particular solutions of the initial system of equations. If 

free variables are assigned zero value, then the obtained particular solution is called basic. If 

the values of the basic variables are not negative, then the solution is called supporting.  

Example 4. Investigate the compatibility of this system: 
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Solution. By elementary row operations of the augmented matrix, we obtain: 
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The initial system is equivalent to the following system: 
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 Let’s obtain the general solution: 
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where 31, xx  are basic unknowns, 42 , xx  are free ones. 

For example, obtain the particular solution, if 1,1 42  xx : 
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For example, obtain the basic solution, if 0,0 42  xx :    
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 In this example the basic solution is not the supporting one, because 0
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