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ibmathtutordubai.com Vector Properties

IB Math AA HL — Topic 3
Vector Properties
Vector Algebra - Scalar & Vector Product - Angles & Areas - Geometric Proof

Difficulty | MEDIUM [l HARD |

Questions 10 10 10
Total Marks 30 40 50
Name: Date: Scan me for help
Score: /120

Instructions: Answer all questions. Show all working. Give answers correct to 3 significant figures unless stated
otherwise. Each question states whether a calculator is permitted.

Key Formulae
a+b

e Vector between two points: AB=b— a; midpoint M = ——.

2
. a
Magnitude: |a| = \/a? + a2 + a2; unit vector a = al

Scalar product: a-b = a,b; + ayb, + a3b; = |a||b| cos ; perpendicular <= a-b = 0.

a-
¢ Angle between vectors: cos 6 = W, 6 € [0°,180°].
i j k
e Vector product: a x b = |a; a5 asl; resultis perpendicular to both a and b.

i . — AL =1
Area of parallelogram/triangle: A, .jc0gram = 12 X b|; Ay = 5|a x b].

Parallel vectors: a || b <= b = ka for some scalar k& € R; equivalentlya x b = 0.
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m )

¢ Magnitude of a vector: Enter componentsinallist {a, b, ¢} and use norm() or dotP (v, v) then square-
root to find |v| numerically.

e Scalar (dot) product: Use dotP({a,b,c},{d,e,f}) in the Matrix/Vector menu to evaluate a - b in-
stantly for decimal vectors.

e Angle between two vectors: Compute cos ! (dotP (u,v) /(norm(u)*norm(v))) in one GDC step;
store result in degrees and round to 3 s.f.

e Vector (cross) product: Use crossP({a,b,c},{d,e,f}) in the Matrix/Vector menu; verify perpen-
dicularity by checking dotP of the result with each original vector equals 0.

e Area of a triangle from vertices: Find AB and AC by subtraction, then compute

%norm(crossP (AB,AC)) directly on the GDC.

o Storing vectors: Store column/row matrices as lists to reuse them; this avoids re-entry errors when
computing several products in the same question.

Common Mistakes to Avoid .

1. Wrong direction for AB. Students write a — b instead of b — a. Always subtract the position vector of
the tail from the position vector of the head.
. . . . . a-b
2. Obtaining an obtuse angle when the acute angle is required (or vice versa). The formulacos 8 = W
always gives 0 € [0°,180°]; read the question carefully to decide whether the angle between lines
(acute) or vectors (possibly obtuse) is needed.

3. Forgetting to halve the cross-product magnitude for a triangle. |a x b| gives the area of the parallel-
ogram; the triangle area is 3|a x b|.

4. Sign errors in the vector product expansion. The middle component carries a minus sign: a x b =
(agbg — agby)i — (a;bg — asgby)j + (a;by — asby)k. Omitting the minus on j is the most common
arithmetic slip.

5. Concluding parallelism from equal ratios of only two components. For b = ka to hold in 3D, all
three component ratios must be equal (or both corresponding components are zero); checking only
two components is insufficient.

6. Using a non-unit vector when a unit vector is requested. Dividing each component by |a| is required;
students sometimes divide by a single component or forget to take the square root when computing
the magnitude, giving an unnormalised result.
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Section A — Easy EASY (10 questions x 3 marks = 30 marks)
EE
[=]

Scan me for help

1. [3 marks]
3 1

lLeta=|—-1|andb=| 4 |.Find2a—b.
2 -3

yM EASY | Calculator [3 marks]

2 6
Points A and B have position vectors a = ( 5} ) andb = (1) respectively. Find the displacement vector AB
1 3

and its magnitude |AB]|.

KM EASY | No Calculator [3 marks]

The vector v = (3

4> . Find the unit vector v in the direction of v.
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% EASY | No Calculator [3 marks]

2 4
Letp = ( k ) andq = (—3) . Given that p and q are parallel, find the value of k.
—1 —2

LW EASY | Calculator [3 marks]

5 3
Letu = (—2) andw = ( 4 ) . Find the scalar product u - w.

1 —2

‘M EASY | Calculator [3 marks]

The diagram shows vectors a and b and their sum a + b.

Given that a = (11) and b = (;) , write down a + b and find |a + b|, giving your answer to 3 significant

figures.
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YAl EASY | Calculator [3 marks]

1 4
Letc = (—3) andd = ( 1 ) Find the vector product ¢ x d.

2 —1

L EASY | Calculator [3 marks]

The vertices of a triangle are P(1,0,2), Q(4,1,2) and R(1, 3,2), where coordinates are in metres. Find the area
of triangle PQR.

Vertex x(m) y(m) z(m)

P 1 0 2
Q 4 1 2
R 1 3 2

Al EASY | Calculator [3 marks]

6 2

Letf = (—2) andg = ( 1 ) , where the components are in newtons. Find the angle 8 between f and g, giving
3 —4

your answer in degrees to 3 significant figures.
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(VW EASY ]| Calculator [3 marks]

The diagram shows position vectors of points A and M, where M is the midpoint of AB.
B

O

O is the origin. Points A and B have position vectors a = G) and b = (;1) respectively. Write down the
position vector m of midpoint M of AB.
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Section B — Medium  [IYJINIIIYH (10 questions x 4 marks = 40 marks)

Scan me for help

st MEDIUM | No Calculator [4 marks]

3 —6
leta=|—-1]|andb=| k£ |,wherek e R.
2 —4
(a) Find the value of k such that a and b are parallel. [2]
(b) Given this value of k, express b in terms of a. [2]

xVM MEDIUM | No Calculator [4 marks]

1 3 7
Points A, B, and C have positionvectorsa= | 4 |,b= |0 |,andc = | —8 | respectively, relative to the
-2 1 7

origin O.
Determine whether A, B, and C are collinear. Justify your answer.
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kN MEDIUM | No Calculator

The diagram shows two vectors p and q.

Given thatp = (11) and q = (;)

(a) Find |p + q, giving your answer in exact form.

(b) Find a unit vector in the direction of p + q.

2§ MEDIUM | Calculator |

24 —0.5

[4 marks]

(2]
(2]

[4 marks]

Vectoru= | —1.7 | andvectorv= | 4.2 |, where all components are measured in metres (m).

3.1 1.8

(a) Find the angle between u and v, giving your answer in degrees to three significant figures.

(b) State whether the angle is acute or obtuse.
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LA MEDIUM | Calculator [4 marks]

3 2
Letf = ( t ) and g = (—4),wherete R.
—1 6

(a) Find the value of t such that f and g are perpendicular. [3]

(b) Write down f - g for this value of ¢. [1]

(A MEDIUM | calculator [4 marks]

The vertices of triangle PQ R have coordinates P(1,2,0), Q(4,0, 3), and R(2,5, 1) (units: metres).

(a) Find PQ and PR. [1]
(b) Find the area of triangle PQR, giving your answer in m? to three significant figures. [3]

xVAl MEDIUM | No Calculator [4 marks]

2 0
lLeta=|—-3]andb=| 4 |.
1 —2

(a) Calculate a x b by expanding the determinant. [2]

(b) Verify that a x b is perpendicular to a. [2]
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LM MEDIUM | Calculator [4 marks]

1.2 6.7
A drone moves from point A with position vector | 3.5 | m to point B with position vector | —1.3 | m, and
0.8 4.2
2.4
then to point C' with position vector | 5.1 | m.
7.6
Point z(m) y(m) z(m)
A 1.2 3.5 0.8
B 6.7 —1.3 4.2
C 24 5.1 7.6
(a) Find the total distance |AB| + | BC| travelled by the drone, to three significant figures. [3]
(b) Find the displacement vector AC. [1]

(¥ MEDIUM | Calculator [4 marks]

In the diagram below, OABC' is a parallelogram. The position vectors of A and C relative to origin O are a and
c respectively, and B is such that OB = a +c.

B

Let M be the midpoint of diagonal OB and let N be the midpoint of diagonal AC.
Prove, using position vectors, that A/ and N are the same point, and state what geometric property of a paral-
lelogram this demonstrates.
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yIl MEDIUM | Calculator [4 marks]

3.1 —1.2 5.6
Points S, T', and U have position vectors s = (—2.4) ,t = ( 0.8 ),and u= ( 1.3 ) respectively (units:

1.0 4.5 —-0.7
metres).
(a) Find ST x SU. [2]
(b) Hence find the area of triangle STU, giving your answer in m? to three significant figures. [2]
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SectionC — Hard  [EEG (10 questions x 5 marks = 50 marks)

Scan me for help

XM HARD | No Calculator [5 marks]

3 1
Leta=|—-1|andb=1| 4 |.
2 -2

—6

(a) Showthata x b = ( 8 ) [3]
1

(b) Hence find the exact area of the parallelogram with adjacent sides a and b. [2]

b8 HARD | Calculator [5 marks]

2 5 1
Points A, B and C have position vectors a = (0) ,b= ( 3 ) andc = (—2) respectively.
1

1 - 4
(a) Find AB and AC. [1]
(b) Find the area of triangle ABC, giving your answer correct to 3 significant figures. [4]
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yX8 HARD | No Calculator [5 marks]

In the diagram below, OABC is a parallelogram where OA = aand OC = c. The point M is the midpoint of
AB and the point N divides CB intheratio 1 : 2 from C.

B

(a) Write down the position vector of M in terms of a and c. [1]
(b) Find M N in terms of a and c. [2]
(c) Show that O, M and N are not collinear. [2]

vZM HARD | calculator [5 marks]

k k—2
Vectorsp= |1 | andqg= 1 ,where k € R.
2 —2

(a) Find the values of k for which p and q are perpendicular. [3]

(b) For the larger value of k found in part (a), find a unit vector in the direction of p. Give your answer in exact
form. [2]
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vIM HARD | Calculator [5 marks]

3.2 —1.8
Aforce F; = (—1.7) N and a force F, = ( 6.3 ) N act on a particle, where all components are in newtons

4.5 2.1
(N).
(a) Find the resultant forceR = F; +F,. [1]
(b) Find |R|, the magnitude of the resultant force, correct to 3 significant figures. [2]

(c) Find the angle that R makes with the positive z-axis, giving your answer in degrees correct to 3 significant
figures. [2]

vIM HARD | No Calculator [5 marks]

1 3 —1
Letu = 2 |,v=|0]andw= 1 1.
—1 2 4

(@) Find u x v, showing your determinant expansion fully. [2]

(b) Showthat (u xv)-w=u-(vxw). [3]
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Y8 HARD | No Calculator [5 marks]

In triangle O@, the point P divides OA in the ratio 2 : 1 from O, and the point @) divides OB intheratio 2 : 1
from O. Let OA =aand OB = b.

O
(a) Write down the position vectors of P and (Q in terms of a and b. [1]
(b) Find 736 in terms of a and b. [1]
(c) Show that PQ is parallel to AB and state the ratio PQ : AB. [3]

y2:8 HARD | Calculator [5 marks]

4.6 —2.1
The velocity of adroneis v, = (—3.2) m s~! and a second drone has velocity v, = ( 9.7 ) ms~ L.
1.8 3.3

(a) Find the angle between the velocity vectors v, and v, giving your answer in degrees correct to 3 significant
figures. [3]

(b) Athird drone has velocity v5 = Av; for some A > 0 and speed 12 m s—!. Find )\, giving your answer correct
to 3 significant figures. [2]
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vI’B HARD | Calculator [5 marks]
t 2
leta=|2]|andb=] ¢t |,whereteR.
1 -3
(a) Show that |a|? =2 + 5. [1]
(b) Given that the angle between a and b is g radians, find the possible values of ¢. [4]
<8l HARD | Calculator [5 marks]
0 5
Four points have positionvectors O = [ 0 |, A andC' =| 2 |.
0 —1
(a) Find OA x OB. [2]
(b) Find the area of triangle O AB, giving your answer correct to 3 significant figures. [1]
(c) Determine whether C lies in the plane O AB. Justify your answer with a calculation. [2]
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Mark Schemes

Q1 — Component vector arithmetic EASY
6
2a=| -2 M1
4
6—1 5
2a—b=| —2—4 | =]-6 A1A1
4—(=3) 7

Note: Award A1 for any two correct components and A1 for all three correct.

Q2 — Displacement vector and magnitude EASY

- 6—2 4
AB=b—a=| 1-5 |=|—4 M1A1
3—(~1) 4

|AB| = /42 + (—4)2 + 42 = /16 + 16 + 16 = V48 = 4/3 ~ 6.93 A1
Note: GDC: enter \/ 42 4+ (—4)2 + 42; unrounded 6.9282...; accept exact form 4+/3.

Q3 — Unit vector EASY

V| =v32+42=/9+16=+25=5 M1A1

40~ :

Q4 — Parallel vectors find unknown EASY

If p || g then g = \p for some scalar A € R. M1

From the first component: 4 = 2\ — X = 2.

Check third component: —2 = A\(—1) = 2(—1) = —2 v/, consistent. M1

From the second component: —3 = \k = 2k M1
3

k=——==-15 Al
2

Note: All three component ratios must agree (here A = 2 throughout); this confirms p || q before solving
for k.

Score a 7 | ibmathtutordubai.com | Page 17



Mr. Ahmad | IB Math Tutor AA HL — Topic 3: Geometry & Trigonometry

ibmathtutordubai.com Vector Properties

Q5 — Scalar product EASY

u-w=(5)(3)+(-2)4) + (1)(-2) M1
=15—8-—2 Al
— Al

Q6 — Vector addition and magnitude EASY
4+1 5
a+b—(1+3>—<4> A1

la+b| =562 +42 =+/41 M1
= 6.40 (3 s.f.) Al

Note: GDC: v/41 = 6.4031 ...; accept 6.40.

Q7 — Vector product EASY

i ] k

cxd=(1 -3 2 M1
4 1 -1

=1[(=3)(= 1) ( )( )] —il(1)(=1) — (2)(4)] + k[(1)(1) — (=3)(4)]

i[3—2] —j[—1—8] +k[1+12] A1
( ) "

Note: GDC cross-product function may be used to verify; all three components must be stated.

Q8 — Area of triangle using cross product EASY

3 0
F@:(l)jﬂﬁ:(?,) M1
0 0
k
PR 0
0

i j 0—0 0
PQxPR=(3 1 =10—-0]=10

0 3 9—0 9
|PQ x PR| =9 Al
Area=%><9=4.5m2 Al
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Q9 — Angle between vectors EASY

f-g=(6)(2)+(—2)(1)+(3)(—4) =12—2—-12=—2 M1
fl=v36+4+9=v49=7,|g|=vA+1+16=+21
—2
cos = ——; GDC: cos § = —0.06236 ...; § = arccos(—0.06236 ...) Al
7v21
0 = 93.6° (3s.f.) Al
Note: Unrounded value 93.574 ...°; answer in degrees as requested.
Q10 — Midpoint position vector EASY
The position vector of the midpoint M of AB is M1
a+b 1/2+14 1/6
== = = _ Al
m="9 =3 (1 +3) 2 (4)
3
m = (2) Al
Q11 — Parallel vectors and scalar multiple  MEDIUM
(a) For a || b, require b = \a for some scalar \ € R. M1
From the first component: \ = — =-2
Check third component: A x 2 = —4 v
Second component: k = A x (—1) = (—2)(—1) =2 Al
(b) Since A = —2: M1
b= —-2a Al
Q12 — Collinearity via displacement vectors MEDIUM
2
FindAB=b—a=| 4 M1
3
6
Find AC=c—a= | —12
9
Check whether AC' = kAB: M1
6 2
(—12) =g (—4) , s0 k = 3 for all three components. Al
9 3
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p

Since AC' = 3AB and both share point A, the points A, B, C are collinear. R1
Q13 — Magnitude and unit vector MEDIUM
5
(@Qp+q= ( 4> M1
p+q| =52 +42 =25+ 16 = V41 Al
. 1 (5 5/\/41)
b) Unit vector = —— = M1A1
(b) VA1 (4) (4/\/41
Q14 — Angle between vectors using GDC MEDIUM
(a) Using cos O = u: M1
|uf|v]
u-v=(24)(—0.5) + (—-1.7)(4.2) + (3.1)(1.8) = —1.2 — 7.14 + 5.58 = —2.76
lul = v2.42 +1.72 + 3.12 = /18.26 ~ 4.2733 ...
Iv| = v/0.52 + 4.22 + 1.82 = 1/21.13 ~ 4.5966 ... (M1)
—2.76 —2.76
= = = —0.14049 ...
COS0 = I oTa3 % 45066, 19.64d.. 014049
6 = arccos(—0.14049...) = 98.1° (3s.f.) Al
(b) The angle is obtuse (since cos 6 < 0). Al
Q15 — Perpendicular vectors unknown component MEDIUM
(a) For perpendicularity, f - g = 0: M1
(3)(2) + @)(—4) + (=1)(6) =0
6—4t—6=0 (A1)
—4t=0 = t=0 Al
(b) Whent=0:f-g=0 Al
Q16 — Area of triangle via cross product MEDIUM
Al

3 1
oo (e}
3 1
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i j k
(b)PQx PR=1{3 —2 3 M1
1 3 1
= i[(=2)(1) — 3)3)] —il(3)(1) — B)(D)] + K[(3)(3) — (~2)(1)]
—11
=i(-2-9)—j83—3)+k(9+2) = ( 0 )
11
|PQ x PR| = \/(—11)2 + 02 + 112 = /242 = 112 ~ 15.556 ... (A1)
Area = % x 11v/2 ~ 7.78 m? (3 s.f.) Al
Q17 — Vector product and perpendicularity check MEDIUM
i j k
(QJaxb=1[2 -3 1 M1
0 4 =2
=i[(=3)(=2) — ()D)] —i[(2)(=2) — (1)(0)] + k[(2)(4) — (—3)(0)]
2
=i(6—4)—j(—4—-0)+k(8—-0) = (4) Al
8
2 2
(b)(axb)-a=[4]-1-3|=2)2)+4)(-3)+(8)(1)=4—-124+8=0 M1
8 1
Since the dot product equals zero, a x b is perpendicular to a. Al
Q18 — Displacement and distance in 3D MEDIUM
- 5.5 —4.3
() AB=| —-48|,BC=| 6.4 M1
3.4 3.4
|AB| = v/5.52 + 4.82 + 3.42 = \/64.85 ~ 8.0530 ... m
|BO| = /4.32 + 6.42 4 3.42 = \/71.01 ~ 8.4267 ... m (A1)
Total distance = 8.0530 ... + 8.4267 ... ~ 16.5 m (3 s.f.) Al
- 1.2
(b)AC=c—a=|16]|m Al
6.8
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Q19 — Diagonals of a parallelogram bisect each other MEDIUM

Position vector of midpoint M of diagonal OB: M1

., 00+O0B

OM:OO+O :0+(a+c):a+c na
2 2 2

Position vector of midpoint IV of diagonal AC: M1

OW:OAnLOC:a—Irc il
2 2

. —— —— a+cC . ..

Since OM = ON = — points M and N coincide for all a and c.

This demonstrates that the diagonals of a parallelogram bisect each other. R1

Note: The R1 is included within the four marks; the A1 for ON and R1 for the conclusion share the final

mark allocation.

Q20 — Area of triangle via cross product with GDC MEDIUM

—4.3 2.5
(ST =t—s=| 32 |[,SU=u—s=| 3.7 (M1)
3.5 —1.7
i j k
ST x SU =1—-4.3 3.2 3.5
25 3.7 —1.7
=i[(3.2)(=1.7) = (3.5)(3.7)] —i[(—4.3)(—1.7) — (3.5)(2.5)] + k[(—4.3)(3.7) — (3.2)(2.5)]
=i(—5.44 — 12. 95) — j(7.31 — 8.75) + k(—15.91 — 8.00)
—18.39
= 1.44 Al
—23.91
(b) |ST x SU| = /(—18.39)2 + (1.44)% + (—23.91)2
= 1/338.19 4+ 2.07 + 571.69 = v/911.95 ~ 30.198 ... M1
Area = % x 30.198 ... ~ 15.1 m? (3 s.f.) Al
Q21 — Vector product and parallelogram area HARD
(a)
i k
axb= -1 2 M1
1 4 =2

i[(=1)(=2) = (2)@)] =il(3)(=2) = @)(MV)] + k[(3)(4) — (=1)(1)]
i[2—8] —j[—6 — 2] + k[12 + 1]
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—6
=] 8 A1AG
13

Note: All three components must be shown; AG worth zero if final line only.

(b)

|]a x b| :\/(—6)2+82-|—132:\/36-|—64-|—169:\/269 M1
Area = /269 (square units) Al

Q22 — Triangle area from vertices with GDC HARD

(a)

3 -1
E’:b—a:(3),f€':c—a:(—2) A1l
) 3

(b)

i §
AB x AC =| 3 3 =2 M1
-1 -2 3

5

—i(9—4)—j(9—2)+k(—6+3)= [ -7 (A1)
-3

GDC: |[AB x AC| = /25 + 49 + 9 = /83 ~ 9.1104.... (A1)

1
Area = 5\/8_ = 4.55521 ... ~ 4.56 square units (3 s.f.) A1l

Note: v/83/2 = 4.5552 ...; the fourth significant figure is 5 followed by non-zero digits, so this rounds up
to 4.56 rather than truncating.

Q23 — Geometric proof collinearity test HARD

(a)

M is the midpoint of AB; OM = a + 3¢ Al
(b) o -

N divides CBinratio 1 : 2from C,s0 ON = ¢+ :CB =c+ 3a (M1)
MN =0ON —OM =za+c—a—3c=—2a+ic A1l
(OI .

OM =a+ %c. For collinearity, M N = AOM for some scalar \. M1
Comparing a-coefficients: —% = )X and comparing c-coefficients: % = %, giving A = 1. These are
inconsistent (since a and ¢ are non-parallel and non-zero), so O, M, N are not collinear. R1
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Q24 — Perpendicular vectors and unit vector HARD
(a)
p-a=0: (k)(k—2)+(1)1)+(2)(~2) =0 M1
k> —2k+1—-4=0
k2 —2k—-3=0 (M1)
(k=3)(k+1)=0 = k=—-1lork=3 Al

Note: Unlike a linear condition, this dot product is genuinely quadratic in k (both p and q carry k in their
first component), giving two real roots as required by part (b).

(b)
3
Withk =3:p= (1) (M1)

2
p|=vV9+1+4=+14
1 3
Unitvector= — | 1 Al
V14 9

Q25 — Resultant force magnitude and angle HARD

(a)

3.2—138 1.4
R=|-174+63]=1]46|N Al
45421 6.6

(b)

GDC: |R| = v/1.42 + 4.62 + 6.62 = 1/1.96 + 21.16 + 43.56 = 1/66.68 ~ 8.1659 ... M1
IR| ~ 8.17N Al
(c)
R 0
The positive z-axis has unit vectork = | 0 |. M1
1
Rk :
GDC: cos ) = Rl = 8.12569... = 6 = arccos(0.80826 ...) ~ 36.1° Al
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Q26 — Cross product and scalar triple product identity HARD

M1

Al

(uxv)-w=(4)(=1)+(=5)(1) + (—6)(4) = —4—-5—24=-33 Al
i j k —9

vxw=|3 0 2:i(0—2)—j(12—(—2))+k(3—0):(—14) M1
-1 1 4 3

u-(vxw)=(1)(-2)+(2)(-14)+ (-1)(3) =—2—-28—-3=-33 Al

Since both equal —33, the identity holds.

Q27 — Geometric proof parallel segments and ratio HARD

(a)
P divides OAinratio2 : 1,50 OP = 2a. Q divides OBinratio 2 : 1, s00Q = 2b A1l
b
PQzOQ—OPz%b—gazé(b—a) Al
@
AB=b—a M1
Since PQ = %E vector PQ is a scalar multiple of AB, so PQ || AB. Al
The scalar factor is %, soPQ: AB=2:3. Al
Q28 — Angle between velocity vectors and speed scaling HARD
(a)
vy -V, = (4.6)(—2.1) + (—3.2)(5.7) + (1.8)(3.3) = —9.66 — 18.24 + 5.94 = —21.96 M1
GDC: |v;| = v/4.62 + 3.22 + 1.82 = 1/34.64 ~ 5.8854 ...
Vol = V2.12 + 5.72 + 3.32 = \/47.79 ~ 6.9131 ... (A1)
—21.96
0= = —0.53969 ...) ~ 122. LR 1230 Al
arccos (5.8854... > 6.9131...) arccos(—0.53969 ...) 686 3
(b)
Vg = Alvy| =12 M1
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12 12

=~ ~ 2.04 Al
V34.64  5.8854 ...

Q29 — Angle equation leading to a quarticint HARD
(a)

a2 =12 +22+12=#2+4+1=t>+5 A1AG

(b)

a-b=2t+2t+(1)(-3)=4t—3 M1

b2=4+t*+9=1>+13 (A1)
T 1 4t — 3 1

Using cos — = —: == M1
3 2 2 4+5Vt2+13 2

2(4t —3) = /(2 + 5)(¢2 + 13)

Squaring both sides: (8t — 6)2 = (t2 + 5)(t> + 13)

64t — 96t + 36 = t* + 18t%2 + 65

0 = t* — 46t% + 96t + 29 (A1)

GDC solves the quartic t* — 46t2 + 96t + 29 = 0 for all four real roots: ¢t ~ —7.62, —0.268, 2.78, 5.11.

Squaring introduces extraneous solutions (those with cos§ = —%, ji.e. 0 = %’T). Checking each root in

the original (unsquared) equation: ¢t = 2.78 and ¢ = 5.11 give cos = 0.5 (# = 60°) v'; t = —7.62 and
t = —0.268 give cos § = —0.5 (6 = 120°), rejected.

t=2.780rt=>5.11(3s.f.) Al

Note: Both values must be stated and checked against the original equation, since squaring can introduce
extraneous roots.

Q30 — Cross product triangle area plane test HARD

(a)
i j k
OAxOB=13 1 2 M1
1 40
—8
=i(0—8)—jl0—2)+k(12—1)=| 2 Al
11
b
GDC: |OA x OB| = v/64 + 4+ 121 = /189 &~ 13.7477 ...
1
Area of triangle OAB = 5\/189 ~ 6.87 square units Al
(c) -
C'lies in the plane OAB if and only if OC - (OA x OB) = 0. M1
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—8
OC-| 2 | =0B)(-8+(12)(2)+(—1)(11)=—-40+4—11=—-47+#0 Al
11
Since the scalar triple product is non-zero, C' does not lie in the plane OAB.
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