New test - October 04, 2015 37 marks)

A particle is moving with a constant velocity along line L . Its initial position is A(6 , -2, 10) . After one second the particle has
moved to B(9, -6, 15) .

1a. (i) Find the velocity vector, AB. [4 marks]

(i) Find the speed of the particle.

Markscheme
(i) evidence of approach  (M1)
9—-6
—_— —
e.g. AO+OB,B—A,| —6+2
15—10
3
—
AB=| —4 | (accept (3,—4,5)) AI N2
5

(ii) evidence of finding the magnitude of the velocity vector M1
e.g. speed = /3% +42 4 52

speed = /50 (=52) Al NI

[4 marks]

Examiners report

- -
This question was quite well done. Marks were lost when candidates found the vector BA instead of AB in part (a) and for not
writing their vector equation as an equation.

1b. Write down an equation of the line L . [2 marks]
Markscheme
correct equation (accept Cartesian and parametric forms) A2 N2
6 3 9 3
egr=|-2|+t| 4], r=|-6]|+t| -4
10 5 15 5
[2 marks]

Examiners report

— —
In part (b), a few candidates switched the position and velocity vectors or used the vectors OA and OB to incorrectly write the vector
equation.



In this question, distance is in metres.

Toy airplanes fly in a straight line at a constant speed. Airplane 1 passes through a point A.

T 3 -2
Its position, p seconds after it has passed through A, is givenby | y | =| -4 | +p| 3
z 0 1
2a. (i)  Write down the coordinates of A. [4 marks]

(i) Find the speed of the airplane in ms™!.

Markscheme
i @3,—4,00 Al NI
-2
(ii) choosing velocity vector | 3 (M1)
1

finding magnitude of velocity vector (A1)

eg /(-2 +8+17 , VITIFT
speed =3.74 (v/14) Al N2
[4 marks]

Examiners report

Many candidates demonstrated a good understanding of the vector equation of a line and its application to a kinematics problem by
correctly answering the first two parts of this question.

2b. After seven seconds the airplane passes through a point B. [5 marks]
(1) Find the coordinates of B.

(ii) Find the distance the airplane has travelled during the seven seconds.



Markscheme
(i) substitutingp =7 (MI)
B=(-11,17,7) Al N2
(i) METHOD 1

—
appropriate method to find AB or BA  (M1)

— =
e.g. AO+OB,A-B

—14 14
— —
AB=| 21 |orBA=| —21| @p
7 -7

distance = 26.2 (7/14) AI N3

METHOD 2

evidence of applying distance is speed x time  (M2)
e.g. 3.714x7

distance = 26.2 (7/14) AI N3

METHOD 3

attempt to find AB2, AB  (M1)

eg (3= (1D +(~4—172 + (0 -T2, /(3 — (-11))* + (-4~ 17) + (0~ 7))?
AB? =686, AB = /686 (AI)

distance AB =26.2 (7\/14) AI N3

[5 marks]

Examiners report

Many candidates demonstrated a good understanding of the vector equation of a line and its application to a kinematics problem by
correctly answering the first two parts of this question.

Some knew that speed and distance were magnitudes of vectors but chose the wrong vectors to calculate magnitudes.

Airplane 2 passes through a point C. Its position ¢ seconds after it passes through C is given by [7 marks]
T 2 -1
y|=1|-5|+q| 2 |,aeR.
z 8 a

The angle between the flight paths of Airplane 1 and Airplane 2 is 40° . Find the two values of a.

Markscheme
—2 —1
correct direction vectors | 3 | and | 2 (AI)(AI)
1 a
~1 -2 -1
2 |=va2+5,| 3 |e| 2 | =a+8 @ADAD
a 1 a

substituting M1

a+8

V14,/a?+5
a=3.21,a=-0.990 AIAlI N3

e.g. cos40° =

[7 marks]



Examiners report

Very few candidates were able to get the two correct answers in (c) even if they set up the equation correctly. Much contorted algebra
was seen and little evidence of using the GDC to solve the equation. Many made simple algebraic errors by combining unlike terms
in working with the scalar product (often writing 8a rather than 8 + a ) or the magnitude (often writing 5a? rather than 5 + a? ).

Distances in this question are in metres.

Ryan and Jack have model airplanes, which take off from level ground. Jack’s airplane takes off after Ryan’s.

The position of Ryan’s airplane ¢ seconds after it takes off is given by r =

3a. Find the speed of Ryan’s airplane.

3b. Find the height of Ryan’s airplane after two seconds.

3c

Markscheme
valid approach  (M1)

eg  magnitude of direction vector

correct working (A1)

g \J(-02+2+8, P TPL
6 (ms~!) AI N2

[3 marks]

Examiners report
[N/A]

Markscheme

substituting 2 fort (A1)
5 —4 -3

eg 0+24),r=16]|+2| 2 |,|] 10 |,y=10
0 4 8

8 (metres) Al N2

[2 marks]

Examiners report
[N/A]

" The position of Jack’s airplane s seconds after it takes off is given by r =

Show that the paths of the airplanes are perpendicular.

5
6|+t
0

+s

—4
2
4

[3 marks]

[2 marks]

[5 marks]



Markscheme

METHOD 1
—4 4
choosing correct direction vectors | 2 | and | —6 (AI)(AI)
7

evidence of scalar product M1

eg a-b

correct substitution into scalar product (A1)

eg (—4x4)+(2x—6)+(4x7)

evidence of correct calculation of the scalar productas 0 A7
eg —16—12+28=0

directions are perpendicular AG N0

METHOD 2
—4 4

choosing correct direction vectors 2 and | —6 (AI)(Al)
4 7

attempt to find angle between vectors M1

correct substitution into numerator A1

eg cosf = W, cosf =0
0=90" Al

directions are perpendicular AG N0
[5 marks]

Examiners report
[N/A]

3d. The two airplanes collide at the point (—23,20,28). [5 marks]
How long after Ryan’s airplane takes off does Jack’s airplane take off?

Markscheme
METHOD 1

one correct equation for Ryan's airplane (A1)

eg 5—4t=-23,6+2t=20,0+4t =28
t=7 Al

one correct equation for Jack's airplane (A1)

eg —39+4s=-23,44—-65=20,0+7s=28

s=4 Al

3 (seconds later) Al N2

METHOD 2

valid approach  (M1)
5 —4 -39 4

eg 6| +t] 2 = 44 +s | —6 |, one correct equation
0 4 0 7

two correct equations (A1)

eg 5—4t=-39+44s,6+2t=44—6s,4t="Ts
t=T7 Al

s=4 Al

3 (seconds later) AI N2

[5 marks]



Examiners report
[N/A]
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