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2. Row and column vectors 
 

A row vector is a matrix with one row.  Think of it as a list of numbers in a row 
separated by spaces and with opening and closing brackets around the list. 
A column vector is a column matrix and again. Think of it as a list of numbers written 
in a column. 
 
 See section 3 for details of working with matrices in matlab. 
 

a = [1 2 78 4 -2] is a row vector and 
















=

8
5
2
1

b is a column vector. 

2.1 Entering vectors 
 

Enter a and b as follows 
 
>> clear all 

     >> a=[1 2 8 4 -2],b=[1;2;5;8] 
     a = 
          1     2     8     4     -2 
     b = 
          1 
          2 
          5 
          8 
 
 Type a space between numbers in a row. Rows are separated by semi-colons. 

You can also press enter instead of a semi-colon. 
 

2.2 Length of a vector 
 
 The number of entries is known as the length of the vector. 
  
  >> length(a),length(b) 
 ans = 
      5 
 ans = 
      4 
  
 
 
 
 



 
 
 
 
 
 

2.3 Arithmetic operations 
 

Row and column vectors can be multiplied by a scalar, and two or more vectors of the 
same length can be added or subtracted. 

 >> 2*a,10*b 
 ans = 
      2     4    16     8    -4 
 ans = 
     10 
     20 
     50 
     80 
 
 Note that each element of a has been multiplied by 2, and each element of b by 10. 
 
 >> c=[2 4 -1 -2 3]; 
 >>a+c 
 ans = 
 
     3     6     7     2     1 
  
 >>3*a - 2*c 
 ans = 
    -1    -2    26    16   -12 
 

Elements can be sorted into ascending order: 
 
 >> sort(a) 
 ans = 
 
     -2     1     2     4     8 
 
 >> sort(b) 
 ans = 
 
     1 
     2 
     5 
     8 
 
 



2.4 Colon notation 
 

This is a short cut for producing row or column vectors whose elements increase 
uniformly. The square brackets are optional. 
 
>> w=[3:7],s=[-5:1] 
w = 
 
     3     4     5     6     7 

 
s = 
 
    -5    -4    -3    -2    -1     0     1      
 
By default the elements in s and w increment in steps of 1. We can have any 
increment we wish. 
 
>>y=[-3:0.5:1] 
y = 
 
   -3.0000   -2.5000   -2.0000   -1.5000   -1.0000   
   -0.5000    0    0.5000    1.0000 
 
>>x=[3.0:0.3:5] 
 
x = 
    3.0000    3.3000    3.6000    3.9000    4.2000    
4.5000    4.8000 
 
Here the elements of x start at 3 and increase by 0.3 up to 4.8.  Note 4.8 is the highest 
incremented value less than or equal to 5. 
 
>>z=[3:-0.5:1] 

   z = 
 
      3.0000    2.5000    2.0000    1.5000    1.0000 
 

Here the elements of z decrease from 13 to 1 in steps of -0.5 
  
 The general form is [a:b:c]. The values start at a and increase by b until c is reached. 
 
 

2.5 Transpose of a vector 
 

Transposing a row vector gives a column vector with the same elements.  
Similarly, transposing a column vector gives a row vector.  
The transpose of a is called a′ . Use the single quotes on the same key as the @ 
symbol. In normal matrix notation a transpose operation is denoted by a superscript T 



after the matrix variable name, eg AT. Be aware that you must use the apostrophe for 
this operation in Matlab. 
 
» q=[1 2 3];r=[4;5;6]; 
» q,q',r,r' 
q = 
     1     2     3 
ans = 
     1 
     2 
     3 
r = 
     4 
     5 
     6 
ans = 
     4     5     6 
and we can transpose a transpose to return to the original matrix or vector. 
>> r'' 
 
ans = 
 
     4 
     5 
     6 
 

2.6 Array product, division and power 
  

If a and b are row (or column) vectors of the same length then the array product is 
a.*b.  The elements of a.*b are the products of the corresponding elements of a and b. 
This operation is sometimes referred to as the elementwise product or the Hadamard 
product. 

 
 >> a=[1 6 15 -7];b=[1 3 5 -7]; 
 >> a.*b 
 ans = 
      1     18    75    49 
 
 Similarly, the array division a./b gives element by element division. 
 
 >> a./b 
 ans = 
      1     2     3    1 
 
 Array power raises each element to the power given. 
 
 >> a.^2,b.^3 
 ans = 
      1    36   225    49 
 ans = 



      1     27    125    -343 
  



 
 

3.0 Matrices 
 

3.1 Entering matrices 
 

Enter the matrix 







=

21
53

A  as follows (and remember that A and a are different!) 

 
 » clear all 
 » A=[3 5;1 2] 
 A = 
          3     5 
          1     2 
 
 Type a space after each number. Rows are separated by semi-colons. 
 

 In the same way enter .
240
312

and
435
261








 −
=








= CB  

 
 » B=[1 6 2;5 3 4],C=[2 -1 3;0 4 2] 
 B = 
          1     6     2 
          5     3     4 
     C = 
          2    -1     3 
          0     4     2 
 
 A has 2 rows and 2 columns and so its size is ).22( ×  B and C are of size ).32( ×  
 This can be obtained using the size command: 
 
 » size(A),size(B) 
 ans = 
           2     2 
 ans = 
           2     3 
  

 If we need to, we can refer to a particular element of a matrix. For example, to obtain 
the element in the first row and second column of A enter 

 
 » A(1,2) 
 ans = 
      5 
 To add the element in the second row, third column of B to this: 
 » A(1,2)+B(2,3) 
 ans = 



      9 
 

3.2 Addition and Subtraction 
 
 Find B + C and B – C : 
 
 » B+C,B-C 
 ans = 
          3     5     5 
          5     7     6 
 ans = 
         -1     7    -1 
          5    -1     2 
 
 Check that the answers are as you would expect. 
 
 Matrices can only be added or subtracted if they are of the same size, so 
 
 » A+B 
 ??? Error using ==> + 
 Matrix dimensions must agree. 
 
 
 

3.3 Multiplication of a matrix by a scalar 
 
 The elements of 2A are all twice the elements of A. 
  
 » A,TWOTIMESA=2*A 
 A = 
         3     5 
         1     2 
     TWOTIMESA = 
         6    10 
         2     4 
 
 We can 2B + 3C and 5B – 4C as follows: 
  
 » 2*B+3*C,5*B-4*C 
 ans = 
         8     9    13 
        10    18    14 
 ans = 
        -3    34    -2 
        25    -1    12 
 
 



3.4 Multiplication of matrices 
 
Matrices can be multiplied when the number of columns in the first matrix is  
the same as the number of rows in the second matrix, so the only products between A, 
B and C that we can find are AB and AC. 
 
» A*B,A*C 
ans = 
    28    33    26 
    11    12    10 
ans = 
     6    17    19 
     2     7     7 
 
If you try any other combination an error message is given: 
 
» B*C 
??? Error using ==> * 
Inner matrix dimensions must agree. 
 

Find Q = FG and R = GF, where 







=

42
31

F  and  







=

41
52

G . 

 
» F=[1 3;2 4];G=[2 5;1 4];Q=F*G,R=G*F 
Q = 
     5    17 
     8    26 
R = 
    12    26 
     9    19 
 
This illustrates the fact that even when we can multiply two matrices in either order, 
the result may not be the same. 

  
 We can find powers of square matrices. To find :and 32 RQ  
 
 >> FSQ=F^2,GCUB=G^3 
 FSQ = 
      7    15 
     10    22 
 GCUB = 
     48   165 
     33   114 
 
 
 
 
 



 

3.5 Transpose of a matrix 
 
 To transposes of A and C are usually called TT CA and , but CA ′′ and  in MATLAB. 
 Use the single quotes on the same key as @: 
 
 >> A',C' 
 ans = 
        3     1 
         5     2 
 ans = 
         2     0 
        -1     4 
         3     2 
  
 

3.6 Diagonal and Unit matrices 
 

 To input the diagonal matrix 















=

300
020
001

H we can proceed as in Section 4.1 or, 

more conveniently: 
  
 >> H=diag([1,2,3]) 
 H = 
          1     0     0 
          0     2     0 
          0     0     3 
 

 To input the unit (identity) matrices 















=








=

100
010
001

and
10
01

32 II  either use diag 

or 
 » I2=eye(2),I3=eye(3) 
 I2 = 
          1     0 
          0     1 
 I3 = 
          1     0     0 
          0     1     0 
          0     0     1 
 
 
 
 
 



 
 
 
 Multiplying a matrix by a unit matrix leaves it unchanged. 
 
 » A,A*I2,I2*A,B,I2*B,B*I3 
 A = 
          3     5 
          1     2 
 ans = 
          3     5 
          1     2 
 ans = 
          3     5 
          1     2 
 B = 
          1     6     2 
          5     3     4 
 ans = 
          1     6     2 
          5     3     4 
 ans = 
          1     6     2 
          5     3     4 
 
 (What would happen if we tried to find ?or 32 BIIB ×× ) 
 
 

3.7 The determinant of a square matrix 

 This is found using det. The determinants of 







=

21
53

A  and 















=

352
252
121

P  are 

 » P=[3 -4 2;2 -7 9;4 -2 -3]; 
 » detA=det(A),detP=det(P) 
 detA = 
      1 
 detP = 
     -3 
  
 You can only find the determinant of a square matrix: 
 
 » det(B) 
 ??? Error using ==> det 
 Matrix must be square. 
 
 



3.8 The inverse of a square matrix ( )1−A  
 
 This is found using inv. 
 To find the inverses of A and P and verify that .and 3

1
2

1 IPPIAA =×=× −−  
  
 » IA=inv(A),A*IA,IP=inv(P),P*IP 
 IA = 
     2.0000   -5.0000 
    -1.0000    3.0000 
 ans = 
     1.0000         0 
    -0.0000    1.0000 
 IP = 
   -13.0000    5.3333    7.3333 
   -14.0000    5.6667    7.6667 
    -8.0000    3.3333    4.3333 
 ans = 
     1.0000    0.0000         0 
          0    1.0000    0.0000 
          0         0    1.0000 
 
 

3.9 Solving systems of linear equations 
 

 The equations  
2026
134

=+
=+

yx
yx

 can be written in matrix form as 

 

 







=
















20
13

26
14

y
x

, or  AX = B. 

 
 The solution is ,1BAX −=  so: 
  

» A=[4 1;6 2];   % note that this overwrites the previous 
A 

 » B=[13;20]; 
 » solution=inv(A)*B 
 solution = 
     3.0000 
     1.0000 
 
 so the solution is  x = 3, y = 1. 
  

 To find the solution of   
7352
5252
32

=++
=++
=++

zyx
zyx
zyx

  note that the matrix of coefficients is the  

 matrix P defined earlier, with inverse called IP, so 



 
 » solution=IP*[1;15;-9] 
 solution = 
     1.0000 
     2.0000 
     3.0000 
 so .3and2,1 === zyx  
 
 MATLAB can solve these equations a second way, using backslash \: 
  
 » solution1=A\B,solution2=P\[1;15;-9] 
 solution1 = 
     3.0000 
     1.0000 
 solution2 = 
      1 
      2 
      3 
 

The second method, using \, is more efficient and should always be used for large sets 
of equations. 
 
 

Exercise 3 

1. Enter a = [6  – 2  1  3], b = [20  4  – 1  7]  and c = 












5
1
7

. 

 Find 3b, 4c and 5a – 2b. 
 Sort a and c into ascending order. 
 
2. Enter d = [4  5  6  7  8], e = [2  2.2  2.4  . . . . . .  4] and f = [100  95  90  . . . . . . 50] 
 
3. Find the vector whose elements are the  

(i) products of those of a and b  (ii) quotients of those of a and b 
 (iii) quotients of those of b and a  (iv) the squares of those of d 
 (v) the cubes of those of e.   

(vi) twice the cube minus the square of those of f. 
 

4. Input the matrices .
510
710
312

and
23
61
05

,
12
34

,
21
12
















−=

















−
−=








=








= DCBA  

 Find, if possible, (i) DCBABA −−+ ,32,  
       (ii) DCCBACBAAB ,,,,  
       (iii) TT CA ,  
                  (iv) det A,  det C and  det D 
       (v) 1111 and,, −−−− DCBA  
       (vi) .and, 432 DBA  



 
5. Find ?Is. BAABBAAB =−  
 
6. Find  .2and)( 222 BABABA +++  Are they equal? 
 Show that  .)( 222 BBAABABA +++=+  
 
7. Find .and)( 222 BAAB  Are they equal? Show that .)( 2 ABABAB =  
 
8. Show that  .)(and)( 111 −−− == ABABABAB TTT  
9. Show that  (i) A satisfies the equation 0342 =+− IAA  
   (ii) D satisfies the equation  02446 23 =+−− IAAA . 
 

10. If 












−
=








−

=
2
1

2
3

2
3

2
1

and
01
10

FE  show that  TT FFEE == −− 11 and . 

 E and F are called orthogonal matrices. 
 

11. If 







=








=

20
01

and
21
32

DQ  show that .
6130
9044

)( 1441








−
−

== −− QQDQDQ   

 Can you explain this result? 
 
12. Solve the following sets of equations by matrix inversion. 

 (i) 
22
72

=+
=+

yx
yx

 (ii) 
35
97
732

=+
=+−
=++

zy
zy
zyx

 (iii) 

94652
12354
23235

17423

=−++
=+++
=++−
=+−+

wzyx
wzyx
wzyx
wzyx
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