Higher Mathematics

Quest

Vectors Supported Study

sQa] 1. When newspapers were printed by lithograph, the newsprint had to run over
three rollers, illustrated in the diagram by three circles. The centres A, B and C of
the three circles are collinear.

J;J\

The equations of the circumferences of the outer circles are

(x+12)? +(y+15)° =25 and (x-24)* +(y - 12)* = 100.

Find the equation of the central circle. (8)
Part | Marks | Level | Calc. | Content Answer U3 0C1
8 C CN | G9, G10, G25 1995 P2 Q8

(=12,=<15) and (24,12)
radii are 5 and 10
AC=45

radius=15

B divides AC in ratio 4:5

5’3:%[45'(::,56,’4] stated or implied

Gs-4()1 )

(x-4) +(y+3)° =15

Page 1

Questions marked ‘[SQA]" © SQA

All others (©) Higher Still Notes
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[SQA] 2. Two identical circles touch at the point P (9, 3} as vt
shown in the diagram. One of the circles has equation

2y -10x—dy+12=0.

Find the equation of the other circle. P20
0 v ¥
Part | Marks | Level | Calc. | Content Answer U3 0C1
5 C CN G9, G25 1997 P1 Q12
o' usePas midpoint of C;C;
"2 C] = (5; 2}
e Cy=(13,4)

s radius:-q’ﬁ
@ (x-13) +(y-4)2 =17
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3. The shape shown in the diagram is composed
of 3 semicircles with centres A, B and C which

lie on a straight line.

DE is a diameter of one of the semicircles. The
coordinates of D and E are (-1, 2) and (2, 4).

Quest

(@) Find the equation of the circle with o X
centre A and diameter DE. (3)
The circle with centre B and diameter EF has equation xb i y* ~16x - 16y +76=0.
(b) (i) ‘Write down the coordinates of B.
(ii) Determine the coordinates of F and C. (3)
(¢) In the diagram the perimeter of the shape is represented by the thick black line.
Show that the perimeter is 57+/13 units. (3)
Part | Marks | Level | Calc. | Content Answer U3 0OC1
(a) 3 C CN | G10 1998 P2 Q6
(b) 3 C CN | G9,G25
(©) 3 A/B | CN | CGD
(@ ! A:[%,S)
o r2=%+1 or 4> =13
3 2 2
¢ (e +o-9 -4
or .1'2+y2 -x=06y+06-0
® o B (3,8
o> F(14,12)
d {l},?)
(€0 o LlaDF+1zDE+1nEF
* 1naDF=3n13 OR InEF=2m13
o 3113 +1 713 + 21413
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4.

5.

A cuboid crystal is placed relative to the coordinate axes as shown.

(@) Write down BC in component form.

(b} Calculate 1B_)C| i

Quest

Part | Marks | Level | Calc. | Content Answer U3 OC1
(a) 1 C | CN [ G16 1990 P1 Q5
(b) 1 C CN | Gle6
= 4
» BC=|2
-3
N ]
A is the point {-3,24}and Bis (~1,3,2). Find
(@) the components of vector EES,
() thelength of AB.
Part | Marks | Level | Calc. | Content Answer U3 0C1
(a) 1 C CN | G16 1993 P1 Q1
(b) 2 C CN | Gl6
2
.1 1
-2
o Jf-sn)z + (2-3)° + (4-2)°
¢3 5
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6.

7.

Quest

The diagram shows a point P with coordinates (4, 2, 6) Zy P (4,2 6
and two points § and T which lie on the x-axis. IfP 157
units from 5 and 7 units frem T, find the coordinates of
Sand T.
§ S T
Part | Marks | Level | Calc. | Content Answer U3 0C1
3 A/B | CN | Glé6 1994 P1 Q18
. (x.0,0) orequiv. OR o' PQ=420 OR LI B
2 & i3 - W |

. (x—4}2+4+36=49 or equiv.

. x=1, 7

(1,0,0, (7,0,0)

(1,0,0), (7,0,0)

Vectors p, g and r are defined by

p=itj-k g=i+4k and r=4i-3}
(@) Bxpress p—-g + 2r in component form.
(p) Calculate p.r

{¢) Find frl.

Part | Marks | Level | Calc. | Content Answer U3 0C1
(a) 2 C CN | G16 1998 P1 Q3
(b) 1 C CN | G26
(c) 1 C CN | Gl6

o

R E
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8. Theline AB is divided into 3 equal parts by the AG,-1,2)
points C and D, as shown. A and B have coordinates c
(3,1, 2Yand (Y, 2, -4).
- —
(@) Find the components of AB and AC. B2 -4
(b} Find the coordinates of C and D. =
Part | Marks | Level | Calc. | Content Answer U3 0OC1
(a) 2 C | CN [ G16 1998 P1 Q5
(b) 2 C CN | Gl6
6
01 AF = 3
A= 35 ©  C=(50,0)
7 4
(2 o D=({71,-2)
o Ac=|1
-2
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9. Relative to a suitable set of co-ordinate axes with a scale of 1 unitto 2
kilometres, the positions of a transmitter mast, ship, aircraft and satellite dish

R(7,—4,7.5)

are shown in the diagram below.

T (0,0,0)

— ——

——_ CQ440)

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, 7:5).

(a) Find the distance from the bridge of the ship to the reflector on the

aircraft. 3
(b) Three minutes earlier the aircraft was at the point M(-2, 4, 85). Find the
speed of the aircraft in kilometres per hour. (2)
(c) Prove that the direction of the beam TC is perpendicular to the direction
of the beam BR. (3)
(d) Calculate the size of angle TCR. (5
Part | Marks | Level | Calc. | Content Answer U3 OC1
(a) 3 C CR | Gl6 1992 P2 Q2
(b) 2 C CR | Gl6
©) 3 C | CR |G
(d) 5 C CR | G28
(a) ! Strategy: use vectors or 3-D distance formula
2
. y S FIOL |,
.2 BR=|7| or BR"=2"+7"+4 (d) +7  Strategy: know to use
; e
*3  answer cosTCR = chi RQ equiv.
- 12 5
() 4 |MRI|=+11525 or equivalent 0 Te=l-a| and RE=|—6
*5  answer 1 )
o1l
(¢) *® know to use a scalar product 5 1'161 _a:nd Y65
o
PR - TC.RC =82
TC . BR = 0 ‘1_3 ab.?p

«8  communication: 0 ¢ perpendicularity
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10. With coordinate axes as shown, the
point A is (2,4,6). ye Baadad
(a) Write down the coordinates of 6
B,C and D. . (3)
(b) Show that C is the midpointof 4
] (1
AD 3 )
(c) By using the components of 2
the vectors OA and OB, 1
calculate the size of angle
AOB, where O is the origin. o (4)
(d) Hence calculate the size of . T =
angle OAB 4 (2)
4 . 5‘\\
6 X
Part | Marks | Level | Calc. | Content Answer U3 OC1
(a) 3 C CR | Gl6 1994 P2 Q3
) 1 C | CR |G25
© 4 C | CR | G28
) 2 C | CR | CGD
(@ o  OneofB,C orD
. Remaining two of B, Cand D
< B(6,4,2) C(43,4), D(6,22)
4 + + +
s
A.0B  OA®+ 08 - A8
(© o  cosAOB= L o o or equivalents
|OA1OBI 2x A% 0OR
fa =4/ == 2
¢  OA.OB=40 or AB =32
o  0A=+56-0B @ o strategy: e.g. use isosceles A
IB 440 .10 630
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sQa]  11. The vectors p, g and r are defined as follows:

Quest

p=3i—-3j+2k, q=4i—j+k, r=4i —2j +3k.

(@) Find 2p — g +r interms of i, j and k.

(b) Find the value of 2p — g + r|.

Part | Marks | Level | Calc. | Content Answer U3 0C1
(a) 1 C CN | G18 1989 P1 Q3
(b) 2 C CN | Gl6

o Gi-7j+6k

& A6

< 1

sQa] 12, The vector ai + bj + k is perpendicular to both the vectors i — j + k and

—2i+j+k.

Find the values of a and b.

Part | Marks | Level | Calc. | Content Answer U3 0C1
3 C CN | G18 a=2,b=3 1990 P1 Q12
alf 1 a\f—2
- bll<1|=a—-b+1 or (&l 1 |=-2a+b+1
141 1h1
o a-b+1=0 or ~2a+b+1=0
|3 a="2 gnd b=3
[sQal  13. Calculate the length of the vector 2i —3j + /3k .
Part | Marks | Level | Calc. | Content Answer U3 0C1
2 C CN | G18 4 1995 P1 Q1

o Jz%(-s}* +(3)" stated or implied by +

.2 4
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14. The position vectors of the points Pand Qare p=—i+3j+4k and g =7i— j + 5k respectively.

[SQA]
(m) Express P_é in component form.
() Find the length of PQ.

Part | Marks | Level | Calc. | Content Answer U3 OC1
(a) 2 C CN | G18,G16 1997 P1 Q4
(b) 1 C CN | Gl6

1 —» 8
o  g-p=8i-4j+k o2 PO=|-4
-1 7 1
or p=|3 | q=|-1 2 9
4 5
sQa] 15, The vectors a, b and ¢ are defined as follows:
a=2i-k, b=i+2i+k c==j+k.

{2) Evalvate a.b+a.c.

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

Part | Marks | Level | Calc. | Content Answer U3 0OC1
(a) 3 C CN | G18, G26 1993 P1 Q12
(b) 2 A/B | CN | G27

2 1 0
o a=|o|b=|2]|c=| ! abtac=alb+q)
-1 1 ! o alb+c
 ab=1
*" ac=-1
(sQal  16. Show that the vectors a = 2i +3j — k and b = 3i — j + 3k are perpendicular.
Part | Marks | Level | Calc. | Content Answer U3 0OC1
3 C CN | G18, G27 ab=---=0 1991 P1 Q3

o' strat ab=...

< ab=0= perpendicularity explicitly stated
213

& | 3]l1]|=6-3-3=0
-1/ 3
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17 (a) Show that the points L{-5, 6, -5), M(7, -2, -1} and N(10, -4, 0) are collinear.

(b) Find the ration in which M divides LN.

Quest

Part | Marks | Level | Calc. | Content Answer U3 OC1
(a) 4 C CN | G23 1991 P1 Q7
)] 1 C CN | G25

12 5 = =
ol im=|_g| orequivalent « LM=4MN
4 | combinations for (a) ¥ vectors are parallel and have common
3 point so L, M, N are collinear
Z MN=|-2 O 41
1

18. Relative to the top of a hill, three gliders have positions
given b}' R(""'}j -BJ _2}1 S{zf -51 4) and T{al _4t 6)'
Prove that R, S and T are collinear.

2

-5 o
. R5=23S5T orequiv.

6

. RS // ST and S is common.

Part | Marks | Level | Calc. | Content Answer U3 0C1
3 C CN | G23 1994 P1 Q4
1 3
1 2 i = 3
. ST=|1| orequivalent and RS=|3| orequivalent

19. Show that P(2,2,3), Q(4,4,1) and R(5,5,0) are collinear and find the ratio in

which Q divides PR.
Part | Marks | Level | Calc. | Content Answer U3 OC1
4 Cc | N |G23,G25 QR — 1pQ, | 1990 P1 Q4
PQ:QR=2:1
2) 3 . .
R J;'Q -] 2 | *"  vectors parallel and have pt in common so pts collinear
-3 I o PQ:QR=21
s b 1) 4 lequivalenl
“ Qr=|1|=1rQ]|
=1 |
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sQal  20. ABCD is a quadrilateral with vertices A(4,—1,3), B(8,3,—1), C(0,4,4) and

D(—4,0,8).
(a) Find the coordinates of M, the midpoint of AB. 1
(b) Find the coordinates of the point T, which divides CM in the ratio 2 : 1. 3
(c) Show that B, T and D are collinear and find the ratio in which T divides BD. 4
Part | Marks | Level | Calc. | Content Answer U3 OC1
(a) 1 C | CN | G6,G25 1989 P2 Q2
) 3 C | CN | G25
©) 4 C | CN | G23,G25
1 - (-4
(ﬂ) . (6.« 1'1) '(C} .5 f.g_ BT = 1
\ 3
6
2 = =
® o eg CM=-3 ¢ TD=|-2|=2xBT
_3 A
4
4 el »  TDis parallel to BT, T is common point so B, T, D collinear
s 4 BLTD=1:2
o T=(4,2,2
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21.

Relative to the axes shown and with an
appropriate scale, P(-1, 3, 2) and

Q(3, 0, 5) represent points on a road. The
road is then extended to the point R such

e N W
that PR = 4 PQ.

(@) Find the coordinates of R.

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

Quest

.

(3)

{7)

Part Calc. | Content

Answer

U3 0C1

(@) 3 C | CR | G2

1997 P2 Q2

) 7 C | CR | G28

(a) 6 8

. R=(7.-1,6)

® o 5P.5R=|SP|SR|cos PSR

I L (9

. SP=|1 '6 SR=|-3
-3 1

o I8P|=+11 o [SR| =01

9 - =

« SP.SR=3

1 pSR=84.6°
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9D The diagram shows two vectors a and b, with tal =3and 15} =242,

[SQA]
These vectors are inclined at an angle of 45° to each other.
(@) Evaluate G} aa %
(i} bb
Gy b As)
(#)  Another vector p is defined by p = 2a + 3b. b
Evaluate p.p and hence write down lpl.

Part | Marks | Level | Calc. | Content Answer U3 0C1
(a) 2 C CN | G26 1999 P1 Q17
(b) 4 A/B | CN | G29, G30
o' 24=9 and bb=8 o (2a+3b)(2a+3b)

2 ak=6 o' 4a.a+9bb+12ab

< 180
o 180
2
sQA] 23. For what value of t are the vectors u = and v = [ 10 | perpendicular?
t
Part | Marks | Level | Calc. | Content Answer U3 0OC1
2 C CN | G27 t=4 2000 P2 Q7
o! ss: know to use scalar product ol uv=2t—-20+3t
o’ ic: interpret scalar product o uv=0=>t=4
s0a] 24. Thediagram shows representatives of two vectors, a and b, inclined at an
angle of 60",
Iflal =2and |bl =3, evaluate a (a+b) a
60°
e
b
Part | Marks | Level | Calc. | Content Answer U3 0C1
3 C CN | G29, G26 1992 P1 Q18

o! aa+ab

o2 2x 3% cosbl*

03 4
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25.

The sides of this equilateral triangle are 2 units long

and represent the vectors a, b and cas shown.

Quest

Evaluate a.(a+b+c). b €
L2
a
Part | Marks | Level | Calc. | Content Answer U3 OC1
1 C NC | A6 1989 P1 Q9
4 A/B | NC | G29, G26
o! a.a+a.b+a.c
o aa= |afla| cos0
@ b= |afib| cos 60
o) ac= |afc| cos 120
15 4
26. The diagram shows a right-angled isosceles triangle whose sides are
represented by the vectors 4, band ¢. "
The two equal sides have length 2 units. b
Find the valueof b {a+ b +¢)
a
Part | Marks | Level | Calc. | Content Answer U3 0C1
5 C CN | G29, G27 1991 P1 Q17
o' ba+bhb+be
o ba=0
o bb=1
04 H = Zﬁ
o be=4
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27. PQRisan equilateral triangle of side 2 units.

—_

— —
PQ=a, PR=b and QR=c.

Evaluate @.(b+ ¢) and hence identify two vectors
which are perpendicular.

Quest

8§

Part

Marks

Level

Calc.

Content

Answer

U3 0C1

1

C

CN

G26

1997 P1 Q13

3

A/B

CN

G29, G27

ab+ac

a.B=2x2x%—

g,c:ZXZX—-%

0 and a is perpendicular to (b+¢)

[END OF QUESTIONS]
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