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Q1(a) A point P lies in an orthogonal right-handed axis {x, y, z}. Explain the effect on P of each of the
three transformation matrices:

τ1(α) =





1 0 0
0 cos α − sin α
0 sin α cos α



 τ2(β) =





cos β 0 sinβ
0 1 0

− sin β 0 cos β



 τ3(γ) =





cos γ − sin γ 0
sin γ cos γ 0

0 0 1





[3 marks]

Q1(b) Find an expression τ to perform the following transformations, and the position of the transformed
point P ′ = τP , given that P = (1, 1, 1)T .

(i) A rotation of π/2 radians about the x axis followed by a rotation of π/2 radians about the z axis.

[4 marks]

(ii) A rotation of π/2 radians about the z axis followed by a rotation of π/2 radians about the x axis.

[3 marks]
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A1(a) The transformation matrices τ1, τ2 and τ3 rotate the point α, β and γ radians about the x, y and
z axes respectively.

A1(b)(i)

τ = τ3(π/2) × τ1(π/2) No further simplification required for full marks

=





0 −1 0
1 0 0
0 0 1









1 0 0
0 0 −1
0 1 0





=





0 0 1
1 0 0
0 1 0





P ′ =





1
1
1





A1(b)(ii)

τ = τ1(π/2) × τ3(π/2) No further simplification required for full marks

=





1 0 0
0 0 −1
0 1 0









0 −1 0
1 0 0
0 0 1





=





0 −1 0
0 0 −1
1 0 0





P ′ =





−1
−1
1




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Q2(a) Given the matrix A =





1 2 3
1 0 1
1 2 4



, find

(i) C, the cofactor matrix of A

(ii) Aj , the adjoint matrix of A

(ii)i |A|, the determinant of A

(iv) A−1, the inverse of A

5 marks

Q2(b) Solve the linear matrix equation Ab = P to find b given that P =
(

1, 2, 3
)T

.

5 marks
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A2(a)(i) Cofactor matrix

C =

















+

∣

∣

∣

∣

0 2
1 4

∣

∣

∣

∣

−

∣

∣

∣

∣

1 1
1 4

∣

∣

∣

∣

+

∣

∣

∣

∣

1 1
0 2

∣

∣

∣

∣

−

∣

∣

∣

∣

2 2
3 4

∣

∣

∣

∣

+

∣

∣

∣

∣

1 1
3 4

∣

∣

∣

∣

−

∣

∣

∣

∣

1 1
2 2

∣

∣

∣

∣

+

∣

∣

∣

∣

2 0
3 1

∣

∣

∣

∣

−

∣

∣

∣

∣

1 1
3 1

∣

∣

∣

∣

+

∣

∣

∣

∣

1 1
2 0

∣

∣

∣

∣

















=





−2 −3 +2
−2 +1 0
+2 +2 −2





A2(a)(ii)

Adj(A) = CT

=





−2 −2 +2
−3 +1 +2
+2 0 −2





A2(a)(iii) Expanding along the top row (A1,i × CT
i,1)

|A| =
(

1 2 3
)





−2
−3
2





= −2

A2(a)(iv)

A−1 =
CT

|A|

=





+1 +1 −1
+1.5 −0.5 −1
−1 0 +1





A2(b)

b = A−1P

=





+1 +1 −1
+1.5 −0.5 −1
−1 0 +1









1
2
3





=





0
−2.5

2




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Resit questions
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Q3(a) A point P lies in an orthogonal right-handed axis {x, y, z}. Explain the effect on P of each of the
three transformation matrices:

τ1(α) =





1 0 0
0 cos α − sin α
0 sin α cos α



 τ2(β) =





cos β 0 sinβ
0 1 0

− sin β 0 cos β



 τ3(γ) =





cos γ − sin γ 0
sin γ cos γ 0

0 0 1





[3 marks]

Q3(b) Find an expression τ to perform the following transformations, and the position of the transformed
point P ′ = τP , given that P = (1, 1, 1)T .

(i) A rotation of π/2 radians about the x axis followed by a rotation of π/2 radians about the y axis.

[4 marks]

(ii) A rotation of π/2 radians about the y axis followed by a rotation of π/2 radians about the x axis.

[3 marks]
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A3(a) The transformation matrices τ1, τ2 and τ3 rotate the point α, β and γ radians about the x, y and
z axes respectively.

A3(b)(i)

τ = τ2(π/2) × τ1(π/2) No further simplification required for full marks

=





0 0 1
0 1 0
−1 0 0









1 0 0
0 0 −1
0 1 0





=





0 1 0
0 0 −1
−1 0 0





P ′ =





1
−1
−1





A3(b)(ii)

τ = τ1(π/2) × τ2(π/2) No further simplification required for full marks

=





1 0 0
0 0 −1
0 1 0









0 0 1
0 1 0
−1 0 0





=





0 0 1
1 0 0
0 1 0





P ′ =





1
1
1




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Q4(a) Given the matrix A =





1 2 3
1 0 1
1 2 4



, find

(i) C, the cofactor matrix of A

(ii) Aj , the adjoint matrix of A

(ii)i |A|, the determinant of A

(iv) A−1, the inverse of A

5 marks

Q4(b) Solve the linear matrix equation Ab = P to find b given that P =
(

1, 3, 2
)T

.

5 marks
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A4(a)(i) Cofactor matrix

C =

















+

∣

∣

∣

∣

0 1
2 3

∣

∣

∣

∣

−

∣

∣

∣

∣

1 1
1 3

∣

∣

∣

∣

+

∣

∣

∣

∣

1 0
1 2

∣

∣

∣

∣

−

∣

∣

∣

∣

2 4
2 3

∣

∣

∣

∣

+

∣

∣

∣

∣

1 4
1 3

∣

∣

∣

∣

−

∣

∣

∣

∣

1 2
1 2

∣

∣

∣

∣

+

∣

∣

∣

∣

2 4
0 1

∣

∣

∣

∣

−

∣

∣

∣

∣

1 4
1 1

∣

∣

∣

∣

+

∣

∣

∣

∣

1 2
1 0

∣

∣

∣

∣

















=





−2 −2 +2
+2 −1 0
+2 +3 −2





A4(a)(ii)

Adj(A) = CT

=





−2 +2 +2
−2 −1 +3
+2 0 −2





A4(a)(iii) Expanding along the top row (A1,i × CT
i,1)

|A| =
(

1 2 4
)





−2
−2
2





= +2

A4(a)(iv)

A−1 =
CT

|A|

=





−1 +1 +1
−1 −0.5 +1.5
+1 0 −1





A4(b)

b = A−1P

=





−1 +1 +1
−1 −0.5 +1.5
+1 0 −1









1
3
2





=





4
0.5
−1




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