Vectors 10.02 /50 marks)

A line L, passes through the points A(0,1,8) and B(3, 5, 2).

la [2 marks]

. —
Find AB.

Markscheme

valid approach  (M1)

0 3
eg A—B, —|1]|+1]|5

8 2
. (3
AB—<4) Al N2

[2 marks]

1b. Hence, write down a vector equation for L. [2 marks]



Markscheme

any correct equation in the form r= a + tbh (any parameter fort) A2 N2

0 3 3
whereais | 1 | or | 5 |, and b is a scalar multiple of 4
8 2 —6
3 34+ 3t
egr=|1|+t| 4 |, r=\|5+4t |, r=j+8k+ H3i+ 4j- 6k)
—6 2 — 6t

Note: Award AI for the form a + tb, A1 for the form L = a + th, AO for the
form r= b + ta.

[2 marks]

1c. 1 P [3 marks]

A second line Ly, has equation r= 13 | +s10
—14 1

Given that L; and L» are perpendicular, show thatp = 2.

Markscheme

valid approach (M1)

egaeb=0

choosing correct direction vectors (may be seen in scalar product) Al
3 p 3 P

eg| 4 and | 0 |, 4 el 0] =0
—6 1 —6 1

correct working/equation Al

egd3p—6=20

p=2 AG NO
[3 marks]



Given that Lq and L» are perpendicular, show thatp = 2.

1d. The lines Ly and L, intersect at C(9, 13, z). Find z.

Markscheme
valid approach (M1)

9
egli = | 13 |, L1 = Lo

z

one correct equation (must be different parameters if both lines used)

egdt =9, 1+2s=9,5+4t=13, 3t =14 2s
one correct value Al

egt =3, s=4,t=2

valid approach to substitute theirt or s value (M1)
eg8 + 3(—6), — 14+ 4(1)

z=-10 A1 N3

[5 marks]

le. Find a unit vector in the direction of Ls.

Markscheme
| =v2*+1 (: \/5> (A1)
2
2 V5
% 0 accept % Al N2
1 L
/5
[2 marks]

1f. Hence or otherwise, find one point on Ly which is 4/5 units from C.

[5 marks]

(A1)

[2 marks]

[3 marks]



Markscheme

METHOD 1 (using unit vector)
valid approach  (M1)

9
eg| 13 | £+/5d
—10
correct working (A1)
9 2 9 2
eg|l 13 +101], 13 —10
—10 1 —10 1

one correct point A1 N2
eg(11, 13, —9), (7, 13, —11)
METHOD 2 (distance between points)

attempt to use distance between (1 + 2s, 13, — 14+ s) and (9, 13, — 10)
(M1)

eg(2s —8)2+ 0%+ (s —4)2=5

solving 552 — 40s + 75 = 0 leadingto s =50ors =3 (A1)
one correct point A1 N2

eg(11, 13, —9), (7, 13, —11)

[3 marks]

2. Find the Cartesian equation of plane /7 containing the points A (6,2,1) [6 marks]
and B (3, — 1,1) and perpendicular to the planez + 2y — z — 6 = 0.



Markscheme

* This question is from an exam for a previous syllabus, and may contain
minor differences in marking or structure.

METHOD 1
-3
E: -3 | (A1)
0
-3 1
-3 | X 2 MI1A1
0 -1
3
=1 -3 | A1
-3

xr—y—z=kM1

k = 3 equation of plane /7is x — y — z = 3 or equivalent A1
METHOD 2

let plane /Tbe ax + by +cz=d

attempt to form one or more simultaneous equations: M1
a+2b—c=0(1) A1

6a +2b+c=d(2)

3a —b+c=d(3) A1

Note: Award second A1 for equations (2) and (3).
attempt to solve M1

EITHER

using GDC gives a = %, b= —

equation of plane /Tisx — y
OR

row reduction M1

equation of plane /7is x — y — z = 3 or equivalent A1
[6 marks]

3. Giventhata x b= b X ¢ # 0 prove that @ + ¢= sb where sis a [4 marks]
scalar.



Markscheme

* This question is from an exam for a previous syllabus, and may contain
minor differences in marking or structure.

METHOD 1

axb=bxc

(@ax b)—(bx =0

(@ax b))+ (cx b)=0MI1A1

(@a+c)x b=0AI1

(@a+ c)is parallelto b= a+ c= sb R1IAG

Note: Condone absence of arrows, underlining, or other otherwise “correct”
vector notation throughout this question.

Note: Allow “is in the same direction to”, for the final R mark.
METHOD 2

asbs — azbs bacz — bscy
ax b=bxc= | asb; —a1bs | = | bsc; — bics | M1A1
a1b2 — CLle b162 — b261

a2b3 — a3b2 p— 6263 — b3(32 = b3(a2 + 02) = bg(ag + 03)
aszby — a1bs = bzcy — bics = bi(as + c3) = bs(a1 + c1)
alb2 — 0,2b1 = b162 — bzcl = bz(al + Cl) = bl(a2 + Cg)

(all‘;Cl) _ (aal—)l;cz) _ (a32-303) — s Al
= a1+ ¢ = sby
= ay + cy = sby
= a3 + c3 = sbs
ai c1 by
= |lay | +|cx | =8| b | A1
as C3 b3

= a+ c=sbAG
[4 marks]



The points A, B and C have the following position vectors with respect to an origin
0.

—
OA = 2i+j-2k

—
OB = 2i-j+ 2k

s
OC =i+ 3j+ 3k

4a. Find the vector equation of the line (BC). [3 marks]

Markscheme

* This question is from an exam for a previous syllabus, and may contain
minor differences in marking or structure.

—

BC =(i+3j+3k— (2i—j+2k) = —i+ 4+ k (A1)
r=2i— j+2k) + A\(—i+ 4j+ k)
(orr=(+3j+3k+XN—i+4+k (MI)A1

Note: Do not award A1 unless r = or equivalent correct notation seen.

[3 marks]

4b. Determine whether or not the lines (OA) and (BC) intersect. [6 marks]



Markscheme

attempt to write in parametric form using two different parameters AND

equate M1
2u=2-—X\
pw=—1+4+4\

—2u=24+X Al

attempt to solve first pair of simultaneous equations for two parameters M1
solving first two equations gives A = %, n= % (A1)

substitution of these two values in third equation (M1)

since the values do not fit, the lines do not intersect R1

Note: Candidates may note that adding the first and third equations
immediately leads to a contradiction and hence they can immediately deduce
that the lines do not intersect.

[6 marks]

4c. Find the Cartesian equation of the plane 77, which passes through C and /3 marks]
—
is perpendicular to OA..

Markscheme

METHOD 1

plane is of the form re (2i+j— 2k) =d (A1)
d=(i+3j+3k)e (2i+j— 2k)=—1 (M1)

hence Cartesian form of planeis2z+y—2z=—-1 A1l
METHOD 2

plane is of the form 2z +y —2z=d (A1)

substituting (1, 3, 3) (to find gives2+3—6=—1) (M1)
hence Cartesian form of planeis2x+y—2z=—-1 Al

[3 marks]

4d. Show that the line (BC) lies in the plane /7. [2 marks]



Markscheme

METHOD 1
attempt scalar product of direction vector BC with normal to plane M1
(—i+4j+ ke (2i+j— 2k =—2+4—2

=0 Al

hence BCliesin /1, AG

METHOD 2

substitute eqn of line into plane M1
2 —1

liner=\|-1]+A| 4 |.Planem :2z4+y—2z=—1
2 1

22—+ (—1+4X) —2(2+ )

=—-1 A1

hence BCliesin I, AG

Note: Candidates may also just substitute 2¢ — j + 2k into the plane since
they are told C lies on ;.

Note: Do not award ALIFT.

[2 marks]

The plane 7, contains the points O, A and B and the plane /73 contains the points
0O, Aand C.

4e. Verify that 25 + k is perpendicular to the plane 7. [3 marks]



Markscheme

METHOD 1

s
applying scalar product to OA and OB M1

(2j+k ®(2i+j—2k)=0 Al
(2j+ k) ® (2i— j+2k) =0 A1
METHOD 2

attempt to find cross product of OA and OB M1

— —
plane /k has normal OA x OB = — 8j — 4k Al
since —8j — 4k = —4(2j+ k), 2j + k is perpendicular to the plane I, R1

[3 marks]
4f. Find a vector perpendicular to the plane /7. [1 mark]
Markscheme
— —
plane /73 has normal OA x OC =9i— 8j+ 5k Al
[1 mark]

49. Find the acute angle between the planes 7k and /7. [4 marks]



Markscheme

attempt to use dot product of normal vectors (M1)
(2j+k)e(9i—8j+5k)

cost = o imisien (ML)
-
= A (=-0.377...) (A1)

. 11 _ o _ o
Note: Accept Nk acute angle between planes = 67.8° ( = 1.18°)
Al
[4 marks]

5. Find the coordinates of the point of intersection of the planes defined by [5 marks]
the equationsz +y+2=3,x—y+2=5andz+y+ 22 = 6.

Markscheme

* This question is from an exam for a previous syllabus, and may contain
minor differences in marking or structure.

METHOD 1

for eliminating one variable from two equations (M1)
(e+y+2=3)

€9, 2x+2z2=28 AlA1
2¢ + 3z =11

for finding correctly one coordinate
(x+y+2z=3)

eg, § (2z+22=8) Al
z=3

for finding correctly the other two coordinates A1
z=1

=< y=-1
z=3

the intersection point has coordinates (1, — 1, 3)
METHOD 2



for eliminating two variables from two equations or using row reduction (M1)

(x+y+2z=3) 1 1 113
eg, § —2=2 or |0 -2 0|2 | A1A1
z=3 0 0 113
for finding correctly the other coordinates A1A41
r=1 1 0 01
=><¢y=—lor |0 1 0]|-1
(z=3) 0 0 1|3
the intersection point has coordinates (1, — 1, 3)
METHOD 3
1 1 1
1 -1 1|=-2(A1)
1 1 2
attempt to use Cramer’s rule M1
‘3 1 1
5 -1 1
z=L =2 ="2-141
y=—> . =L =-1A41
1 1 3
-1 5
y=d = U5

Note: Award M1 only if candidate attempts to determine at least one of the

variables using this method.
[5 marks]

Consider the lines l; and l5 defined by

-3 1
lh:r=| -2 |+p6|4 ] andl: 6;”” = %2 = 1 — zwhere a is a constant.
a 2

Given that the lines [; and [y intersect at a point P,

6a. find the value of a;

[4 marks]



Markscheme

* This question is from an exam for a previous syllabus, and may contain
minor differences in marking or structure.

METHOD 1
-3 1 z=—3+p8
Lhir=|-2|=8|4]|=Cy=—-2+48 M1
a 2 z=a+2p

URA 2 =P 5 =3 Mmi1AL
SCHD 1 (a+20)=>2=-5-a=a=-T Al
METHOD 2

34+ 8=06-3\

—244B=4N+2 MI

a+28=1-A

attempt to solve M1
A=2, =3 Al
a=1-X—28=-7 A1

[4 marks]
6b. determine the coordinates of the point of intersection P. [2 marks]
Markscheme
. -3 1
OP=|-2]+3e| 4 (M1)
—7 2

0
=1 10 Al

—1
. P(0, 10, — 1)

[2 marks]



© International Baccalaureate Organization 2023
International Baccalaureate® - Baccalauréat International® - Bachillerato Internacional®

Printed for 2 SPOLECZNE LICEUM

[ International Baccalaureate
Baccalauréat International
. Bachillerato Internacional



	Vectors 10.02 [60 marks]
	Markscheme
	Markscheme
	Markscheme
	Markscheme
	Markscheme
	Markscheme
	Markscheme
	Markscheme
	Markscheme
	Markscheme
	Markscheme
	Markscheme
	Markscheme
	Markscheme
	Markscheme
	Markscheme
	Markscheme
	Markscheme


