Higher Mathematics

Vectors - Solutions

Marks are indicated in brackets after each question number

2013 Paper 1 Question 12, (2)
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ol
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|£+g|=m
=64
=8

2013 Paper 1 Question 14, (2)
a(a+b)=a.ata.b

= |g| |g|cost9 + 5 where 6 is the angle between a and itself
=3-3-cos0+5

=9+5

= 14

2013 Paper 1 Question 24, (4) (5)

ayiar = (1) 78 =(%)
4 6

-2() 15
2 2
a1 = 1TB
2 3
34T = 2TB
This shows that AT & TB are parallel but since T is a common point it follows that

A, T & B are collinear.
ii) Theratiois2: 3

b) Since C lies on the x-axis it has a y co-ordinate of 0 and a z co-ordinate of 0.
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Let C = (c,0,0)

ThenTC=C—T = (%3)

0
TB-TC = 0 since they are perpendicular
TB-TC =15(c—3)+(15:0)+ (6:0) =0
15¢—45=0
c=3

2014 Paper 1 Question 6, (2)
-3 1 -9
2u—-3v=2( 1])=3{-1|=(5
0 2 6

2014 Paper 1 Question 14, (2)
Since u & v are perpendicularu ‘v =0
u-v=1--6)+2k+5k=0
7k—6=0
k =

N|o

2014 Paper 1 Question 16, (2)
a-(a+2b)=a-a+2a-b

= |a||a|cos® + 2 - % 6 is the angle between a and itself, zero in this case

=1-1-1+%
3

7
3

2014 Paper 1 Question 19, (2)

Let C be the center of the hexagon.

SW = SR +RC + CW
=-u-v—-v

=-u—2v
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2014 Paper 2 Question 4, (2) (2) (5)
a)C =(11,12,6),D = (8,8,4)

wes=(d) @-()

-2

c) |CB| = /02 + (=8)% + (=4)2 = V80
|CD| = J(=3)2 + (—4)2 + (=2)2 =29
CB-CD=(0--3)+(—8—4)+ (—4--2) = 40

CB - CD = |CB||CD| cos(BCD)°
40 = +/80+/29 cos(BCD)°

40

V8029
BCD = cos™I(

= cos(BCD)°

40
V80 \/E)

BCD = 33.85°

2015 Paper 1 Question 1, (2)
Since u & v are perpendicularu-v =0
ur=(8(3))+2 0+(-D-(-6)=0
—24+2t+6=0
2t =18
t=9

2015 Paper 2 Question 6, (3) (1) (3)
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C)E-E_C)zg-(—g+g+£)
=4 ataptqr
- |g| |Q| cos 0 + 2 + |g| |r| cos 30° (to get the 30° consider the diagram)

=—9+- +—| |

But since AE - EC = 93 — 3 we have

W3-2=-9+2 +—| |
Multiplying through by 2 gives
18V3-9=-18+9 + 3V3|r|
18v3 = 3V3]r|

r[ =6

2016 Paper 1 Question 7, (2) (2)
a) FH = FG + GH = i + 3j — 4k

b) FE + FH + HE = FH — EH = —i — 5k

2016 Paper 1 Question 11, (2) (3)

=)

Since the ratio is 1: 2 there are 3 ‘parts’ to the division

1= _1( 3\ _ (1
sac=3(4)=(4)

So,B=(1+4+1,3-2,-2+4+2)=(2,1,0)

b) KAC = ( z’;)

|KAC| = \[(3k)2 + (—6k)? + (6k)?

= V9k? + 36k? + 36k?
81k2
=9k
Since |kTC| = 1 we have
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2016 Paper 2 Question 5, (2) (4)

a= () w=(3)

-2 -16

b) 4B - AC = (-8-—2) + (=16 —8) + (-2 —16)
=112

|AB| = J(=8)7+ (—-16)? + (—2)2 =18
|AC| = J(=2)7+ (-8)2 + (-16)? = 18

Let 8 be the angle BAC
AB - AC = |AB||AC| cos 6
112 =18-18cos 6

112 = 324 cos O

112
— =cos 0
324

112

0 = cos ! (33) = 69.8°

2017 Paper 1 Question 5, (1) (3)
aAu-v=05-3)+1--8)+(-1-6)=1

b) [u| =52+ 12+ (-1)2 =27

uw = [u||w| cos(Z)

— V2731
- PR
2 2

2017 Paper 2 Question 5, (2) (2) (5)
a) PQ = PR+ RQ = (9i+5j + 2k) + (—12i — 9j + 3k) = —3i — 4] + 5k
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b) PS = PQ + QS
= P¢ +QR
= —3i— 4] + 5k +>(-RQ)
= 30— 4j + 5k + (120 + 9j — 3k)
=-3i—4j+5k+4i+3j -k

=i—j+ak

¢)PO-PS=-3+4+20=21

|PQ| = /(=3)2 + (—4) + 52 = /50
|PS| = /12 + (-1)2 + 42 = 18

Let 6 be the angle between PS and P_Q) = QPS
21 =+/50-v18 " cos 6

21

W=COSH

— -1, 21
0 = cos (mm)
0 = 45.6°

2018 Paper 1 Question 9, (1) (2)

a)BC=—t+u=u—t

b) MD = MC + CA + AD
=%ﬁ+ﬁ+ﬁ
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2018 Paper 1 Question 12, (1) (3)

2= (9)2-(})
caro=2(9)+(3

b) [2a+b| =62+ (=3)2+ (4 +p)* =7
36 +9+16+8p+p? =49
p?+8p+12=0

p+6)(p+2)=0
p:—6,p:—2

2018 Paper 2 Question 2, (1) (4)
a)u-v=7+32-15=24

b) [u| =vI+16+9 = V26
|v| = V49 + 64 + 25 = V138

24

cosf = NeTRVEET
— -1, 24

0 = cos (mm
= 66.38°

2019 Paper 1 Question 5, (3) (1)

(o}
(-}
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4AB = 3BC so AB and BC are parallel but since B is a common point, A, B, & C are

collinear.
b)3:4

2019 Paper 1 Question 9, (1) (3) (2)
a)iJu-v=pC2p+16)+ (=2 - =3)+ (4 -6)
=2p? +16p + 30

ii) For perpendicular vectors u - v = 0, giving
2p*+16p+30=0
p?+8p+15=0

@P+5@+3)=0
p=-5p=3

b) If u and v are parallel, there exists a number k such that u = kv i.e. one vector is a

multiple of the other.

Comparing the y component of u and v we have —2 = k(—3), giving k = §
So,p == (2p + 16)
3p=4p+ 32

p = —32

2019 Paper 2 Question 3, (1) (2)
a) BE = -p+r

b) EF = EA + AB + BF

3
="rtp+i4
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2019 Paper 2 Question 14, (4)
Let 0 be the angle between u & v

u-(utv)=v-utu-v
= |g||g| cos0 + |y||y|cos€
=(4x4x1)+ (4x5xcosB)
=16+ 20cos @

Sinceg-(g+g) = 21 we have
16 +20cos 0 = 21
20cos@ =5

cosf = —
20
0 = cos~1()
20

8 = 75.5°

2024 Paper 1 Question 4, (2)

. 5
PQ = < 10)
-10

R=(—6+21+42—4)
R = (—4,5,-2)

2024 Paper 2 Question 3, (2) (1) (4)

. 1 42
a)ED = (—4) and EF = (1>
6 3

b)i)ED-EF =2 —4+ 18 = 16
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ii) | ED| = \/12 + (—4)? + 62 = /53
| EF| =V22+ 12+ 32 =14

16

cosO = NPT
— -1 16 — o
0 = cos (ﬁm) =54

2025 Paper 1 Question 10, (5)
lul =V12+ 12+ 0 =+v2and |v| = V12 + 32 + kZ = V10 + k2
u-v=>01Ax1D+Ax3)+(0xk)=4

u-v=|ul|v|lcosé

4 =+/2 /10 + k2 cos 45°
1
4 =~210+ k2 (\/_E)

4 =+/10 + k?
16 = 10 + k2
k2=6
k=6

2025 Paper 2 Question 5, (3) (1)

oA =(3)=3()  me=(3)=2()

24B = 3BC showing that AB and BC are parallel but since B is a common point

A, B and C are collinear.
b) 3:2

2025 Paper 2 Question 8, (2)

BE = BA+ AD + DE
= —DC + AD + DE
= —(2i —4j + 2k) + (6i + 4j + 2k) + (—4i — 3j + 4k)
= 5j + 4k
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