HIGHER MATHEMATICS
Vectors
1.
Non-Calculator (Multiple Choice)

          [image: image1.png]2 ~1
Giventhatu=|0 | and v =| 2|, find 3u-2v in component form.
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2.
Non-Calculator (Multiple Choice)

          [image: image2.png]-3 1
Giventhatu=| 1 |and2 = | -1/, find 2u — 32 in component form.
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3.
Non-Calculator (Multiple Choice)
           [image: image3.png]2 1 —4
Giventhatp=| 5|,q=| 0 |andr=| 2 |, express2p—q-— %r in component form.
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4.
Non-Calculator (Multiple Choice)

           [image: image4.png]In the diagram RSTU, VWXY represents a cuboid.
= = -
SR represents vector f, ST represents vector gand SW represents vector h.

=
Express VT in terms of f, g and h.





5.
Non-Calculator (Multiple Choice)

            [image: image5.png]The diagram shows a square-based pyramid P,QRST.

— — —
TS, TQ and TP represent f, g and h respectively.

P

L\

T T

—
Express RP in terms of f, g and h.

A —f+g-h
B —f-g+h
C f-g-h
D f+g+h




6.
Non-Calculator

           [image: image6.png]The diagram shows a regular hexagon PQRSTW.

— — X
PW and PQ represent vectors u and v respectively.

P 2 Q

—
‘What is SW in terms of u and 2?

A —u-20
B —u-»
C u-v
D u+20




7.
Non-Calculator (Multiple Choice)

           [image: image7.png]If f=3i+ 2k and g = 2i + 4j + 3k, find |f+ g|.
A 1% units

B V42 units
C 66 units
D 70 units




8.
Non-Calculator (Multiple Choice)

          [image: image8.png]-3

The vector u has components | 0 |.

4
Which of the following is a unit vector parallel to u?
3.4
A 5:+5k
B -3i+4k
3.4
C ——gi+—=k
NG
D -Liilg

3774




9.
Non-Calculator (Multiple Choice)

           [image: image9.png]3

If u=k| -1 |, where k>0 and u is a unit vector, determine the value of k.
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10.
Non-Calculator (Multiple Choice)
          [image: image10.png]Vectors u and v have components and | 0 | respectively.

~ o wlw
|
-

Here are two statements about u and v:

(1)  whent= %,uis a unit vector
(2)  whent=1,uandvare parallel
‘Which of the following is true?
A Neither statement is correct.
B Only statement (1) is correct.
C  Only statement (2) is correct.
D

Both statements are correct.




11.
Non-Calculator (Multiple Choice)

          [image: image11.png]E(-2,-1,4),P(1, 5,7) and F(7, 17, 13) are three collinear points.
P lies between E and F.

‘What is the ratio in which P divides EF?

A 11

B 1:2
C 14
D 1:6




12.
Non-Calculator (Multiple Choice)

           [image: image12.png]Given that the points S(-4, 5, 1), T(-16, —4, 16) and U(-24, -10, 26) are collinear,
calculate the ratio in which T divides SU.

A 2:3

B 3:2
C 2:5
D 3:5




13.
Non-Calculator (Multiple Choice)

           [image: image13.png]The points P, Q and R are collinear.

2
P is the point (-1, 6, 4), Q is the point (2, 0, 13) and QR = | 4 |.
Calculate the ratio in which Q divides PR. 6
A 2:3

B 3:2

C 3:5




14.
Non-Calculator (Multiple Choice)

         [image: image14.png]- (2 — =
Given that the point Ris (3,-1,2), RS=| 1 | and RT =3RS,

find the coordinates of T. -
A (3,2,-11)

B (3,4,-11)
C (9,2,-7)
D (9,4,-7)




15.
Non-Calculator (Multiple Choice)
          [image: image15.png][ R\ (0)
The vectors u=|-1 | ando=| 4
A1 \k/

are perpendicular.

‘What is the value of k?
A 0

B 3
C 4
D 5




16.
Non-Calculator (Multiple Choice)

           [image: image16.png]Ifu=
A 3
B -2
2
¢ 3
D 1

-3
1|and v=|
2t

1
¢ | are perpendicular, what is the value of 7>
-1




17.
Non-Calculator (Multiple Choice)

           [image: image17.png]1 -6
The vectors u =| k| and o =| 2 | are perpendicular.
k 5

What is the value of k?

A =6

7
B -1
C 1

D

~lo




18.
Non-Calculator (Multiple Choice)

           [image: image18.png]The vectors xi + 5j + 7k and =3i + 2j — k are perpendicular.

‘What is the value of x?

A 0
B 1
C

o
w|3 wls




19.
Non-Calculator (Multiple Choice)

           [image: image19.png]An equilateral triangle of side 3 units is shown.
The vectors p and q are as represented in the diagram.

What is the value of p.q?
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20.
Non-Calculator (Multiple Choice)
           [image: image20.png]Given that |a] =3, |b| =2 and a.b =5, what is the value of a.(a + b)?

A 11
B 14
c 15
D 21




21.
Non-Calculator (Multiple Choice)

           [image: image21.png]Vectors p and q are such that [p| =3, |g|=4and p.q=10.
Find the value of g.(p + q).

A0

B 14
Cc 26
D 28




22.
Non-Calculator (Multiple Choice)

           [image: image22.png]The unit vectors @ and b are such that a.b = % . Determine the value of a.(a +2b).
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23.
Non-Calculator (Multiple Choice)

         [image: image23.png]3
Given that a=| 4 | and a.(a+b)=7, what is the value of a.b?

0
A 7
25
p -8
5
c -6




24.
Non-Calculator

[image: image24.png]'VABCD is a pyramid with rectangular base ABCD.
The vectors AB, AD and AV are given by

Fo=siezje2k

Express CV in component form.





25.
Non-Calculator

          [image: image25.png]Three vectors can be represented as follows:

FG = -2i - 6j + 3k
GH=3i+9j - 7k

EH=2i+3j+k

(a) Find FH.

(b) Hence, or otherwise, find ﬁi




26.
Non-Calculator

          [image: image26.png]Calculate the length of the vector 2i -3j++/3k.




27.
Non-Calculator

[image: image27.png]‘The position vectors of the points Pand Qare p=—i+3j+4k and ¢ =7i = j + 5k respectively.

@) Express BQ in component form.
(®) Find the length of PQ.




28.
Non-Calculator

          [image: image28.png]Ads the point (-3,24)and Bis (-1,3,2). Find

@ the companents of vector AB;
(&) the length of AB.




29.
Non-Calculator

           [image: image29.png]The vectors p, g and r are defined as follows:
=i+ 2 q= i ok, r=di-2j 4 3k

@ Find 2p-g+7 intermsof  jand k.

() Find the value of [2p -+





30.
Non-Calculator

[image: image30.png]A cuboid crystal is placed relative to the coordinate axes as shown.

(@) Write down BE in component form.

o Coteutate i,




31.
Calculator

           [image: image31.png]P is the point (-1, 2,-1) and Qs (3, 2, ~4).
-y
(a) Write down PQ in component form.
—
(6) Caleulate the length of PQ.

.
(¢) Find the components of a unit vector which is parallel to PQ.




32.
Non-Calculator

    [image: image32.png](a) A and C are the points (1, 3, -2) and (4, -3, 4) respectively.
Point B divides AC in the ratio 1 : 2.
Find the coordinates of B.

(b) kA—é is a vector of magnitude 1, where £ > 0.
Determine the value of .




33.
Non-Calculator

           [image: image33.png]PQRS is a parallelogram with vertices P(1,3, 3), Q{4, -2, -2) and R, 1, 1.
‘Find the coordinates of S.




34.
Non-Calculator

          [image: image34.png]Relative toa suitable set of axes, the tops of three chimneys have coordinates.
givenby AQ, 3,2) B2, -1,4)and 04, 9,8).
Showthat A, Band C are collnear





35.
Non-Calculator

 [image: image35.png]Relative to the top of a hill, three gliders have positions
givenby RE-1, -8, -2), 5(2, 5, 4) and T, 4, 6
Prove that R, § and T are collinear. g

r&





36.
Non-Calculator

    (a)
Show that the points L(−5, 6, −5), M(7, −2, −1) and N(10, −4, 0) are collinear.

    (b)
Find the ratio in which M divides LN.
37.
Non-Calculator

           [image: image36.png]With reference to a suitable set of coordinate axes, A, B and C are the points
(=8, 10, 20), (-2, 1, 8) and (0, -2, 4) respectively.

Show that A, B and C are collinear and find the ratio AB : BC.




38.
Non-Calculator

           [image: image37.png]Relative to a suitable coordinate system
A and B are the points (-2, 1, ~1) and
(1, 3, 2) respectively.

A, B and C are collinear points and C is
positioned such that BC = 2AB.

Find the coordinates of C.




39.
Non-Calculator

           [image: image38.png]A and B are the points (-1, =3, 2) and
(2,1, 1) respectively.

B and C are the points of trisection of
AD, that is AB=BC =CD.

Find the coordinates of D.




40.
Non-Calculator

           [image: image39.png]An aircraft flying at a constant speed on a straight flight path takes 2 minutes to fly
from A to Band 1 minute o fly from B to C. Relative t0.a suitable set of axes, A is
the point -1,3,4) and Bis the point (3, 1,-2). Find the co-ordinates of the point C.

R
7%




41.
Non-Calculator

           [image: image40.png]A, Band C have coordinates (-3, 4, 7), (-1, 8, 3) and (0, 10, 1) respectively.
(a) Show that A, Band C arc collincar.

S5 o
(b) Find the coordinates of D such that AD = 4AB.




42.
Non-Calculator

           [image: image41.png]The point Q divides the line joining P(-1, -1, 0) to R(5, 2, -3) in the ratio 2: 1.
Find the coordinates of Q.




43.
Non-Calculator

           [image: image42.png]D,0ABC is a pyramid. A is the
point (12, 0, 0), B is (12, 6, 0)
and D is (6, 3, 9).

F divides DB in the ratio 2:1.

(@) Find the coordinates of the
point .

N
(b) Express AF in component
form.

B2

D (6,3,9)

A(12,0,00) x




44.
Non-Calculator

           [image: image43.png]/ABCD is a quadrilateral with vertices A(4, -1, 3), B(8, 3, ~1), C(0, 4, 4) and D(—4, 0, 8).

(@) Find the coordinates of M, the midpoint of AB.
(b)  Find the coordinates of the point T, which divides CM in the ratio 2:1
(©) Show that B, T and D are collinear and find the ratio in which T divides BD.




45.
Non-Calculato   [image: image44.png]‘Theline AB is divided into 3 equal parts by the
points C and D, as shown. A and B have coordinates
3,1,2and 9,2,-4).

@ Find the components of ABand AC.
(8 Find the coordinates of C and D.

A G-

BO.24)




46.
Non-Calculator
            [image: image45.png]VABCD is a pyramid with a rectangular base ABCD.

Relative to some appropriate axes,
=

VA represents —7i - 13j - 11k
-
AB represents 6i + 6j - 6k
-
AD represents 8i - 4 + 4k.
K divides BC in the ratio 1:3

— A
Find VK in component form.




47.
Non-Calculator

          [image: image46.png]Vectors p, g and r are defined by
peitj-k q=i+ik and redi-3.

(@ Express p—q +2r in component form.

® Calculatepr

(© Find Irl





48.
A water molecule consists of two hydrogen atoms and one oxygen atom.


Relative to suitable coordinate axes, the oxygen atom is positioned at point 

A((2, 2, 5). The two hydrogen atoms are positioned at points B((10, 18, 7) and 

C((4, (6, 21) as shown in the diagram below.

                  [image: image47.png]C(-4,-6,21) B(-10, 18,7)

A(-2,2,5)




    [image: image48.png](a) Express AB and AC in component form.
(b) Hence, or otherwise, find the size of angle BAC.





49.
Calculator

           [image: image49.png]The sketch shows the positions of
Andrew(A), Bob(B) and Tracy(T)
on three hill-tops.
Relative to a suitable origin, the
coordinates (in hundreds of metres)
of the three people are A(23, 0, 8),
B(-12, 0, 9) and T(28, -15, 7).
In the dark, Andrew and Bob locate
Tracy using heat-secking beams.

- -
{a) Express the vectors TA and TB

in component form.

() Caleulate the angle between
these two beams.

B(12,0,9)

A(23,0,8)

T(28,-15,7)




50.
Calculator

           [image: image50.png]P, Q and R have coordinates (1, 3,-1), (2,0, 1) and (-3, 1, 2) respectively.

> o
(a) Express the vectors QP and QR in component form.

(b) Hence or otherwise find the size of angle PQR.




51.
Calculator

           [image: image51.png]he diagram shows a square-based pyramid
of height 8 units.

Square OABC has a side length of 6 units.

"The coordinates of A and D are (6, 0, 0) and
(3,3,8)

C lies on the y-axis.
(a) Writc down the coordinates of B.
o

(b) Iiftermine the components of DA and
DB.

(¢) Calculate the size of angle ADB.

A®6,0,0) X




52.
Calculator
           [image: image52.png]D,0ABC is a square based pyramid as shown in the diagram below.

O is the origin, D is the point (2, 2, 6) and OA = 4 units.
M is the mid-point of OA.

(a) State the coordinates of B.
— —>
(b) Express DB and DM in component form.

(¢) Find the size of angle BDM.




53.
Calculator

            [image: image53.png]The diagram shows a cuboid

OABC, DEFG.
F is the point (8, 4, 6).

P divides AE in the ratio 2:1.
Qs the midpoint of CG.

(a) State the coordinates of P and Q.

(b) Write down the components of
— =
PQ and PA.

(¢) Find the size of angle QPA.

A G
Q1 P}

g
y

y
F(8, 4, 6)




54.
Calculator

           [image: image54.png]The diagram shows a cuboid OPQR,STUYV relative to the coordinate axes.
P is the point (4, 0, 0),

Qis (4,2,0) and Ulis (4, 2, 3).
M is the midpoint of OR.

N is the point on UQ such that
N={UQ

(a) State the coordinates of M and N.
— —
(b) Express VM and VN in component form.

(¢) Calculate the size of angle MVN.




55.
Calculator

            [image: image55.png]OABCDEFG is a cube with side 2 units,
as shown in the diagram.

B has coordinates (2, 2, 0)

P is the centre of face OCGD and Q is
the centre of face CBFG.

(a) Write down the coordinates of G.
(b) Find p and g, the position vectors of points P and Q.
(¢) Find the size of angle POQ.




56.
Calculator

           [image: image56.png]Six identical cuboids are placed with their edges parallel to the coordinate axes as
shown in the diagram.

A8, 0,0)

A and B are the points (8, 0, 0) and (11, 4, 2) respectively.
(a) State the coordinates of C and D.

— —
(b) Determine the components of CB and CD.

(¢) Find the size of the angle BCD.




57.
Calculator

           [image: image57.png]A box in the shape of a cuboid is
designed with circles of different
sizes on each face.

z,

The diagram shows three of the
circles, where the origin represents
one of the corners of the cuboid. The
centres of the circles are A(6, 0, 7),
B(0, 5, 6) and C(4, 5, 0).

Find the size of angle ABC.




58.
Calculator
  [image: image58.png](@ Relative to mutually perpendicular axes Ox, Oy and O, the vertices of
triangle ABC have coordinates A(9, 9, 24), B(27, 3,0) and C(3, 27, 0). M s the
id-point of AC.
Find the coordinates of G which divides BM in the ratio 2:1.
() Calculate the size of angle GOA.

A(9,9,24)

C(,27,0

B(27,3,00




59.
Calculator

           [image: image59.png]A cuboid measuring 11cm by 5em by 7cm is placed centrally on top of
another cuboid measuring 17cm by 9cm by 8.cm.

Coordinate axes are taken as shown

(@) The point A has coordinates (0, 9, 8) and C has coordinates (17, 0, 8).
Write down the coordinates of B.

(b) Calculate the size of angle ABC.




60.
Calculator

[image: image60.png]ABCDEFGH is a cuboid. Q.

K lies two thirds of the way along HG.
(. HKKG = 21).
L lies one quarter of the way along FG.
e FLLG=13).

AB, AD and_ AE can be represented by the vectors,

b~

N
@ Calcutate the components of AK
) Calculatethe components of AL
©  Calculate the size of angle KAL.




61.
Calculator

           [image: image61.png]‘The diagram shows the rhombohedral
crystal lattice of calcium carbonate.

‘The three oxygen atoms P, Q and R around
the carbon atom A have coordinates as
shown below.

Q P Q6,22 P (3,4,0)

R A R(1,4,2)

@ Calculate the size of angle PQR

(b) M is the midpoint of QR and T is the point which divides PM in the ratio 2:1.
() Find the coordinates of .
(i) Show that P, Q and R are equidistant from T.




62.
Calculator

          [image: image62.png]‘With coordinate axes as shown, the
point Ais (2.46).

(@ Write down the coordinates of
BCand D.

(b) Show that C is the midpoint of
AD.

(© By using the components of
the vectors OA and OB,
calculate the size of angle
'AOB, where O is the origin.

(@) Hence calculate the size of
angle OAR





63.
Calculator
         [image: image63.png]A triangle ABC has vertices
A@.-1,3),B(3,6,5 and C (6,6,-2).

S
(@) Find AB and AC.
(B) Calculate the size of angle BAC.

(©  Hence find the arca of the triangle.

C6,6,-2)




64.
Calculator

            [image: image64.png]Relative to the axes shown and with an
appropriate scale, P(-1, 3, 2) and

Q(5,0, 5) represent points on a road. The
road is then extended to the point R such

that PR = 4PO.

(@) Find the coordinates of R.

() Roads from P and R are built to
meet at the point S (-2, 2, 5).
Calculate the size of angle PSK.





65.
Calculator

          [image: image65.png]Relative to a suitable set of co-ordinate axes with a scale of 1 unit to 2
Kilometres, the positions of  transmitter mast, ship, aircraft and satellite dish

are shown in the diagram below. o ROA79
T 000 A=~ causp
e

ez

=~ ~ §
& 865-05°>
The top T of the transmitter mast is the origin, the bridge B on the ship is the

point (5, 5,~0:5), the centre C of the dish on the top of a mountain is the point
(14,4, 1) and the reflector R on the aircraft is the point (7, 4, 75).

(@) Find the distance from the bridge of the ship o the reflector on the
airerat.

(k) Three minutes earlier the aircraft was at the point M(-2, 4, 85). Find the
speed of the aircraft in kilomelres per hour.

(c) Prove that the direction of the beam TC is perpendicular to the direction
of the beam BR.

(@ Caleulate the size of angle TCR




66.
Non-Calculator
           [image: image66.png]‘Show that the vectors

i+3j—k and b=3i- j+3k are perpendicular.




67.
Non-Calculator

           [image: image67.png]Vectors u and o are defined by u = 3i + 2j and v = 2i - 3j + 4k.
Determine whether or not % and v are perpendicular to each other.




68.
Non-Calculator

    [image: image68.png](a)

Roadmakers look along the tops
of a set of T-rods to ensure that
straight sections of road are being
created. Relative to suitable axes
the top left corners of the T-rods
are the points A(-8, —10, -2),
B(-2,-1, 1) and C(6, 11, 5).
Determine whether or not the
section of road ABC has been
built in a straight line.

A further T-rod is placed such
that D has coordinates (1, =4, 4).
Show that DB is perpendicular to
AB.





69.
Non-Calculator

          [image: image69.png]" []M 0:[5]mdwmmm,m” [ ——

40 and u-o are perpendicular.




70.
Non-Calculator
   [image: image70.png]1 1
(a) Ifu=| 7 and v=| — 72 |, write down the components of

-2 1

u+3v and u - 3v.

(b) Hence, or otherwise, show that u# + 3v and u - 3v are perpendicular.




71.
Calculator

             [image: image71.png]A4, 4,10), B(-2, 4,12) and C(-8, 0, 10) are the vertices of a right-angled triangle.
Determine which angle of the triangle is the right angle.




72.
Calculator

          [image: image72.png]t 2
For what value of ¢ are the vectors u=| =2 | and v =| 10 | perpendicular?
3 t




73.
Non-Calculator

          [image: image73.png]Vectors u=8i+2j — k and v =—3i + fj — 6k are perpendicular.

Determine the value of 7.




74.
Non-Calculator

          [image: image74.png]0o
FE—. [] .m,[ : ],Nmmm




75.
Non-Calculator       [image: image75.png]‘The diagram shows representatives of two vectors, & and b, inclined atan
angleof 60",
If lal =2and 1b] =

 evaluate a (a+b)




76.
Non-Calculator

          [image: image76.png]In the square-based pyramid, all the eight edges
areof length 3 units.

Av=p, Ab
Evaluate pdq-+r).

Ab=r.





77.
Non-Calculator

          [image: image77.png]‘The sides of this equilateral triangle are 2 units long
and represent the vectors ¢, band ¢ s shown.
Evaluate afa+b+c).




78.
Non-Calculator

          [image: image78.png]The vectors a, b and ¢ are defined as follows:

a=2i-k, b=ivyj+k, c==jrk.
@ Evaluate ab+ac.

(%) From your answer to part (2), make a deduction about the vector b + ¢.




79.
Non-Calculator

           [image: image79.png]PQR is an equilateral triangle of side 2 units.

PQ=a, PR=b and QR=c.
Evaluate a.(b+c) and hence identify two vectors
which are perpendicular.





80.
Non-Calculator

           [image: image80.png]VABCD is a square-based pyramid.

The length of AD is 3 units and each
sloping face is an equilateral triangle.

-

-
-

-

(a) Evaluate peg. D q
(b) Express C_\; in terms of p, ¢ and r.
(¢) Hence show that angle CVA is 90°.




81.
Calculator

            [image: image81.png]Vectors @ and ¢ are represented by two
sides of an equilateral triangle with sides
of length 3 units, as shown in the
diagram.

Vector b is 2 units long and b is
perpendicular to both @ and €.
Evaluate the scalar product a.(a + b + ¢)




82.
Non-Calculator

            [image: image82.png]The diagram shows a right-angled isosceles triangle whose sides are
represented by the vectors a, band c.

The two equal sides have length 2 unts.

Find the value of b (a+b+)




83.
Non-Calculator
           [image: image83.png]PQRSTU is a regular hexagon of side 2 units. U

— — —
PQ, QR and RS represent vectors a, b and ¢
respectively.

Find the value of a.(b + ¢).




84.
Non-Calculator
            [image: image84.png]D, E and F have coordinates (10, -8, -15), (1, -2, -3) and (-2, 0, 1) respectively.

(@) (i) Show that D, E and F are collinear.
(i) Find the ratio in which E divides DF.

() G has coordinates (k, 1, 0).
Given that DE is perpendicular to GE, find the value of &.




85.
Non-Calculator

 [image: image85.png](a) (i) Show that the points A(-7, -8, 1), T(3, 2, 5) and B(18, 17, 11) are
collinear.

(ii) Find the ratio in which T divides AB.

(b) The point C lies on the x-axis.

If TB and TC are perpendicular, find the coordinates of C.




86.
Calculator
           [image: image86.png]A'is the point (3, -3, 0), Bis (2,-3, 1) and C is (4, &, 0).

— —
(@) (i) Express BA and BC in component form.
3

A
(i) Show that cos ABC= e C =

(b) Tfangle ABC = 30°, find the possible values of k.




87.
Non-Calculator

          [image: image87.png]B 1
2 and pare vectors givenbyu =| 1 |and v={3k* | where k> 0.

k+2 -1
u

<)

v

(@) Tfuw=1,show that ¥’ + 3k - k-3 =0.

(b) Show that (k + 3) is a factor of k* + 3k* — k — 3 and hence factorise
B+ 3k =k =3 fully.

(c) Deduce the only possible value of k.
(d) The angle between % and v is 0. Find the exact value of cos 6.




88.
Calculator

           [image: image88.png]The diagram shows vectors @ and b.
If |a] =5, |b] =4and a.(a + b) = 36, find the

ze of the acute angle 8 between a and b.





89.
Non-Calculator

[image: image89.png]‘The diagram shows two vectors  and b, with lal =3and 1b| =212.
‘These vectors are inclined at an angle of 45° t each other.

@ Evalae O as
W bb
G ab
@) Another vector pis defined by p = 24 + 3b.
Evaluate p,p and hence write down Ip1.




90.
Calculator

            [image: image90.png]Vectors p, g and r are represented on the
diagram shown where angle ADC = 30°.

Itis also given that [p| =4 and| g| = 3.
(a) Evaluate p.(q+r)and r.(p - q).
(b) Find |q+r|and |p—gq|.





91.
Calculator

           [image: image91.png]Vectors p, q and r are represented on the diagram as shown.

+ BCDE is a parallelogram

+ ABE s an equilateral triangle
- Ipl=3

+ Angle ABC=90°

(a) Evaluate p.(q +1).
—
(5) Express EC in terms of p, q and r.

) —— 9
(¢) Given that AE.EC = 9{3— 5 find |r].





