Matrix algebra — exam questions

Question 1: June 2010 - Q2
Let A = {1 x] B= {l _,1}:| and C = [4_4"76 8:|

2 3 2 Sx—4 4
(a) Find AB in terms of x. (2 marks)
(b) Show that B'AT = C for some value of x. (5 marks)

Question 2: June 2008 - Q3

1 1

l
The matrix A = 3 | . where k 1s a constant.
k

1 1
4 3
Determine, in terms of & where appropriate:

(a) det A; (2 marks)
(b) AL (5 marks)

Question 3: June 2007 — Q6

The matrices A and B are given by

1 1
A=1-1 1 and B:[i 0 l]
1 1 - !

[

(a) Find, in terms of 7, the matrices:

(1) AB: (3 marks)
(i) BA. (2 marks)
(b) Explain why AB is singular for all values of ¢. (1 mark)

Question 4: June 2011 -Q1

The matrices A and B are given in terms of p by

1 p 4 p 1 5
A=|-3 2 Il and B= |9 p -1
2 -1 | 2 0 |
(a) Find each of det A and detB in terms of p. (3 marks)

(b) Without finding AB. determine all values of p for which AB is singular. (3 marks)




Question 5: June 2009 - Q1

L 4 2 k 1
Let P = "l and Q= |2 —1]|. where k is a constant.
-1 2 6 3 |

(a) Determine the product matrix PQ, giving its elements in terms of k& where appropriate.

(3 marks)
(b) Find the value of k& for which PQ is singular. (2 marks)
Question 6: June 2006 — Q6
The matrices P and Q are given by
2 1 1 1 1 1
P=1|1 ¢ -2 and Q= |-7 -1 5
3 2 | 11 -1 -7
where ¢ is a real constant.
(a) Find the value of ¢ for which P is singular. (2 marks)
(b) (i) Determine the matrix R = PQ, giving its elements in terms of # where appropriate.
(3 marks)
(i1)) Find the value of 7 for which R = kL for some integer k. (2 marks)
(iii) Hence find the matrix Q. (1 mark)
Question 7: January 2009 — Q2
The 2 x 2 matrices A and B are such that
9 1 14 2
AB = {? 13] and BA = [ 1 8]
Without finding A and B:
(a) find the value of det B, given that det A = 10; (3 marks)

(b) determine the 2 x 2 matrices C and D given by
C = (BTAT) and D= (ATBT)T

where MT denotes the transpose of matrix M. (3 marks)



Question 8: January 2006 — Q2

The matrices P and Q are defined in terms of the constant k by

3 2 1 5 4 1
P=|1 -1 k and Q= |3 k-1
5 3 2 7 3 2

(a) Express detP and det Q in terms of k.

(b) Given that det(PQ) = 16, find the two possible values of .

Question 9: January 2007 — Q8

4 —1 2
The matrix P = | 1 3| . where a is constant.
-2 0 a

(a) (1) Determine det P as a linear expression in a.
(11) Evaluate detP in the case when a = 3.
(111)  Find the value of a for which P is singular.
(b) The 3 x 3 matrix Q is such that PQ = 25I.
Without finding Q:
(1) write down an expression for P! in terms of Q:

(11) find the value of the constant & such that (PQ)_] = kl;

(111) determune the numerical value of detQQ in the case when a = 3.

Question 10: January 2008 — Q7

-1
0
-1

The non-singular matrix M =

— — 2
b9 — —

(a) (1) Show that
M? 421 = kM
for some integer k to be determined.
(i) By multiplying the equation in part (a)(i) by M~! show that
M~ =aM + bl

for constants a and b to be found.

(3 marks)

(4 marks)

(2 marks)
(1 mark)

(2 marks)

(1 mark)
(2 marks)

(4 marks)

(3 marks)

(3 marks)



Matrix algebra — exam questions

Question 1: June 2010 - Q2

Question 6: June 2006 — Q6

(a) 2v+1 2x—1 M1 6(a) | Setting detP (2r—6+2—-3r+8—1
AB=| " \ =3-H=0 | Ml
Al 2 = t=3 Al
6 0 0 M1
) BTAT= (AB)T Or 1 2111 2 MI D@ —T7t-21 3—-t 15+5¢
-1 2 x 3 0 0 6 Al
Al
| 2x+1 8 AlS
- 2v—1 4 (ii) When r=-3. PQ=06I Bl B1
2x+1=4—-4x Or 2x-1=8x—-4 M1 (iii) 2 1 1
x=1 Al Q'=1lp=1/1 3 2 Bl
S . 6 6
Checking/noting x = 3 in other eqn. Bl 5 302 1
Total 7 Question 7: January 2009 — Q2
Question 2: June 2008 - Q3 (a) | det AB=110 B1
(a) | DetA=k+3+12-4-9-Fk=2 M1 Use of det AB=det A detB M1
Al 2 detB=11 AlF
_ 1 . Bl r_|2 7 Ml
b) | A= adj A C=(AB)" =
®) Dera A M1 ) | €= AR L 13 Al
k=9 3-k 2 M1 - 14 2
:%12_}\_ P Al D=[(BA)"] —BA—L 8} Bl
-1 1 0 Al 5
Total 7
Question 3: June 2007 — Q6 ) Total
(a)(i) | AB =a 3x3 matrix Ml Question 8: Jan'uary 2006'— Q2
32 el Al (a) | Attempt at either determinant M1
=1 2 -1 Al 3 detP=k-2  detQ=3k-28 Al Al
32 L) (b) | Use of det (PQ) = (det P)(det Q) M1
(i) | BA=a 2 x 2 matrix M1
Creating a quadratic dM1
(2 2
‘[r r+4.‘ Al 2 3k =34k +40=0 ALY
(b) | R =R,(= det AB=0) Bl 1 L2410 Bl 4
Question 4: June 2011 - Q1 3
(a) |detA=5p-—1 Bl Question 9: January 2007 — Q8
de‘[B=p2—]0p—11 MIA1 3 (a))|detP=4da+6+4+a=35a+10 Ml Al 2
(b) Use of det(AB) =det A detB Bl (li) When a =3, det P=25 BIF 1
Finding three values of p M1 (i) | Setting their det P=0 5 ML
-1 . £ 111 b emng thewr det - = a=- :
p=1.11-1 AlF AIF 2
Total O | p-1_ 1
Question 5: June 2009 - Q1 P=a3Q Bl !
(a) ko1 . .
1 4 2 5 1= k+14 -1 M1 ) | pg)-t=(251)1= %I M1 Al 2
-1 2 6 31 22-k 3 Al N
Al 3 or (PQ)"'=Q 'p! (M1)
(b) | Det(PQ) =3k +42+22—k M1 NP an | @
=2k+64=0 —Q 5507 35!
k=-32 Al 2
Total 5 (i) | det PQ =det (251) =25 or 15625 M1 Al
det PQ=detP.det Q M1
= 25°=25det Q
= det Q=25 or 625 Al 4
Total 12




Question 10: January 2008 — Q7

(a)()

(i)

2 -1 1]]2 -1
M=l 0 1/|1 0
I -1 2J[l -1
4 -3 3]
=13 -2 3
3 -3 47
(4 -3 3]
M +21=(3 -2 3|+
|3 -3 4]
6 -3 3]
=13 0 3|=3
|3 -3 6]
Multiplying by M~

to get M+2M™'=31
sothat M~'=31-1M
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