Topic 4 Part 1 (437 marks]

la.

1b.

Markscheme
(therefore a rhombus) AIAI

R T RS
ot r two correct lengths, A2 for all four.

Note: Award AIAQ for

if no magnitudes are shown.

— — 6 — — 0
O@herdfdBe-a Sé\i}l}))r QI = AB = (—\/ﬂ)
R 0 V12

—
NéﬂgO(Ih:h{r Gr? n&s\;(ﬁp)ssib(lb with a minimum of three conditions.

[3 marks]

Examiners report
[N/A]

Markscheme

_ 3 ) _
[ISwrk] 7)) (563 =6 v3)

Examiners report
[N/A]

[3 marks]

[1 mark]



1c.

1d.

le.

Markscheme

METHOD 1

— MIAL
OA xOC =

6 0 0 0
ohezaciast)
0 V12 —64/24 —124/6

equation of plane is

aﬂgl 'Vla%lg Eléitﬁ{)zdz s%gw({ng that
M1

d=0
AG

II:y++v22=0

METHOD 2

equation of plane is

R e

(M1)
gufsgtuting two points (A, B,CorM) M1l
eg

Al

607(9, —/24b++/12¢=0
B:”Zl;&k]lzzo

Examiners report
[N/A]

Markscheme
AIAIAL

3 0
Notet —wvdrdtAY Eolf r % ,AIAI for two correct vectors.
V3 V2

[3 marks]

Examiners report
[N/A]

Markscheme

Using

to find

Y

/S\ubstitute their

into their equation from part (d) M1

D has coordinates

Al
Bl

[3 marks]

[3 marks]

[3 marks]



1f.

1g.

Examiners report
[N/A]

Markscheme

for point E is the negative of the
Yor pointD  (M1I)
A

Note:  Other possible methods may be seen.

E has coordinates

AlIAl
(3 =2v6, - v3)

Note: Award A1 for each of the y and z coordinates.

[3 marks]

Examiners report

[N/A]
Markscheme
(i)
DAL

osﬂng \ 15 3 )

enc g/f6v30 2| =18

A3 -3v3

ODA = 60°

Note:  Accept method showing OAD is equilateral.

(il) OABCDE is a regular octahedron (accept equivalent description)

Note: A2 for saying it is made up of 8 equilateral triangles
Award A1 for two pyramids, A1 for equilateral triangles.

(can be either stated or shown in a sketch — but there must be clear indication the triangles are equilateral)

[6 marks]

Examiners report
[N/A]

[3 marks]

[6 marks]



3a.

Markscheme

(@)
a+b Al
553 Al

Bsm;rks ]
(®)

@fbé»_
P()IB—I%S M1
b
Ly
Al

[

l’or a rhombus

Note: Do not award the final A7 unless R1 is awarded.

hence the diagonals intersect at right angles AG
[4 marks]

Total [6 marks]

Examiners report
[N/A]

Markscheme

direction vector

or

Net d inal A1 unless
ivilent) s en5

A ow FT on direction vector for final A1.

picl,

<

[2 marks]

Examiners report
[N/A]

[6 marks]

[2 marks]



3b.

3c.

Markscheme

both lines expressed in parametric form:

L,

=141
y=3t
z=4-5t
L,

T kP
y=-2+s
z=-25+1

Notes: Award M1 for an attempt to convert
from Cartesian to parametric form.
L . .

2 Award A1 for correct parametric equations for

and
L,

Ly Allow MIA1 at this stage if same parameter is used in both lines.

attempt to solve simultaneously for x and y: M1

14+t=1+3s

3t21 2+s

3 o 1
substltﬁtigg_bom values back into z values respectively gives

31
and B

so a_contradiction RI1
=4

tzhereifore

and

L .

ate skew lines AG

'marks]

Examiners report
[N/A]

Markscheme

finding the cross product:
(M1)

=-1 13 £ &\ Al
3 | x| 1
@/ Ackepli/ + 13j + 8k

(M1
—1(0) — 13 1) 81(
or equlvalent

= —r—13y—8z=
[4 marks]

Examiners report
[N/A]

[5 marks]

[4 marks]



3d.

4a.

Markscheme

1 1 0
(COSG :)77

VE+1+1 x/TF1

Note: Award M1 for an attempt to use angle between two vectors formula.

\/§A_1 k+1

o_btaTniv/g(ﬁiﬁguadratic equation

Ml
A(k+1)? = 6(k2 +2)
k2 —4k+4=0
k—2)2 =
(k—=2)
k=2

Note: Award MIAOMIAQ if

is used
cos60°

(k=0ork=—4)

(ii)

substifiing into th@equation of the plane
r=10]+A| 1

II
2yl =il
3+A21)\+)\:12

N=
point3 P has the coordinates:
9,3,-2) Al

Notes: Accept9i + 3j — 2k and
do\not allow FT if two values found for k.

3
[X méks]

Examiners report

[N/A]

Markscheme
(A1)

C_A>(AI) 1

_}Z 2

Nbtes N\

_and 1

é@%nd correctly award (A1) (A0).
BC

M1)
I PR B
CMICB=|1 -2 -1

(A R

[7 marks]

[4 marks]



4b.

4c.

—9

4 o
Xaminers report

Part a) proved an easy start, though a few (weaker) candidates still believe
“to-be

CA

— —

0C-0A

Markscheme
METHOD 1

(M1)
%&;g@‘ +(-3)% +42

METHOD 2
attempt to apply

(M1)
3C } CB|sinC

CAAgB :29\/5.\/6cosC:> cosC = % =sinC =2

3

als

—
73 arksp

Examiners report

Part b) was an easy 3 marks and incorrect answers were rare.

Markscheme
METHOD 1
T.
MIAI
Ad 1 —2
e s Bt T o

A=
PHGH 30772\ 4

—2z —3y+4z=d

su%ggtituti?rllg_ a Soint in the plane MIAI
Al

6l==2

—2r—3y+4z=-2
iAlz}x y+4z
=>2x+3y—4z=2

Note:  Accept verification that all 3 vertices of the triangle lie on the given plane.

[3 marks]

Examiners report

Part c) was answered well, though reasoning sometimes seemed sparse, especially given that this was a ‘show that” question.

[3 marks]

[3 marks]



4d.

Markscheme
METHOD 1
MIAI
-7
1—)4 ~14
194
1
Nota: = @ wdr@the final A1 if
IS not see 0 2
P =
METHOD 2

eliminate 1 of the variables, eg x M1
(A1)
lgﬁ%aﬁgé aj pgrameter M1

= 54:1))\
or equivalent Al
1 1

Nete: 0 Pa-nofavdrd the final A7 if
is not Seen. 2
P =
METHOD 3
M1
B=15 .
write x and y in terms of
or equivalent Al
gttempt to gllmmz{—te or y 3%11 Bap ey

expressed in parameters
x’ y? z

:>ﬁ1:t

%r eq’ulvalent

ﬁd—ﬂo( rd the final A1 if
1s no'

[5 marks]

Examiners report

[5 marks]

Part d) proved more challenging, despite being a very standard question. Many candidates gained only 2 marks, either through

correctly calculating the direction vector, or by successfully eliminating one of the variables. A number of clear fully correct solutions

were seen, though the absence of r =’ is still prevalent, and candidates might be reminded of the correct form for the vector equation

of a line.



4e.

4f.

5a.

[3 marks]
Markscheme

METHOD 1
direction of the line is perpendicular to the normal of the plane
MIAL

AN
oz [ =6~

sOIving line e simultaneously

MIAIT
16(1+A) + 202 — 61 =3

163)(10 +2a)A=0
METHOD 3
M1
2413 4
Qﬁgi— 3_(1 124 16) —4(4a+16) =0
HOD %3
attempt to use row reduction on augmented matrix M1
to obtain
Al
Al 3 —4 2
Gakd> 1 | 0
0 0 a+b5|8—16

Examiners report

Part e) proved a puzzle for most, though an attempt to use row reduction on an augmented matrix seemed to be the choice way for

most successful candidates.

[2 marks]
Markscheme

Al
a=-5

Al
1
formr@ks]

Examiners report

Only the very best were able to demonstrate a complete understanding of intersecting planes and thus answer part f) correctly.

[3 marks]
Markscheme

attempting to form

Ml
(3%§9+6)(c050—2)+7(1+sin9):0
3c01§42ﬁ—12+7sin9+720

a2 q _r_
3(}4Gsm 9)+7sm9 HEL0)

fii’r'l;e‘](—sfsin0+2 =0

Examiners report

Part (a) was very well done. Most candidates were able to use the scalar product and

to show the required result.
cos?0 =1 —sin®0



5b.

[3 marks]
Markscheme

attempting to solve algebraically (including substitution) or graphically for
- (M1)

sin & 1)

sin g Ia %

)

Examiners report

Part (b) was reasonably well done. A few candidates confused ‘smallest possible positive value’ with a minimum function value.
Some candidates gave

as their final answer.
6=0.34



Markscheme
() METHOD 1

for P on
—
L17 OP =

rgquige— \

MBI 2

r2guxlent)

tﬁﬁi)f )‘ 4?4 =4

2 ﬁ32)x

- OP = J:l14
: 3
Ngte‘ = gol Imard the final A7 if
34
is not seen.
P=
[5 marks]
METHOD 2
Calculating either

or

=% 2 2 2

FW% AR TR + (<3420 +(2+2))

olVing ¢ither

e
=0

Bl ¢
!

op
P

X/\
A=

1
7

OP = =
Note: D ll ard the final A7 if

IS FlOt seen.

W=

[5 marks]

(b) METHOD 1
(MI)

%%ﬁy +(-1)°+ ()’

i
|1Df+-854\13k]
- TF a4

[:2 giark

Total [7 marks]

[7 marks]



Examiners report

Part (a) was not well done. Most candidates recognised the need to calculate a scalar product. Some candidates made careless sign or
arithmetic errors when solving for

. A few candidates neglected to express their final answer in the form r =’.

éandidates who were successful in answering part (a) generally answered part (b) correctly. The large majority of successful

candidates calculated

.
o

[5 marks]
Markscheme
METHOD 1

Al

L?_1>1_ \/(1+s)2 +(3+28)%+(1—s)? gz ¢m)

ote: Award Al if the square of the distance is found.

EITHER
attempt to differentiate:

attempting to solve M
(A1)

OP (=125 + 12)
=0 fors

=
OR
attempt to differentiate:

attempting to solve

@:
H Ol

(A1) d
—1 E

65+6
632+125+1
for

attempt at completing the square: M1
p p 9 q L

S =
OR

2

minimum value (M1) (OP _6(3+1)2+5>

occursat (A1)
=-1
THEN
the minimum length of is» A1l
OR/5
METHOD 2
the length of -isa minimum when -isperpendicularto  (R1)
OoP (0]

Al 1
attdmpting to sqlvg \ (M1) 2

dans | o glfs{6+4s—14+5=0 (6s\+61/0) fors

— 1
a1y -1

i

Examiners report

Generally well done. But there was a significant minority who didn’t realise that they had to use calculus or completion
of squares to minimise the length. Trying random values of

gained no marks. A number of candidates wasted time showing that their answer gave a minimum rather than a
faximum value of the length.



8a.

8b.

8c.

Markscheme
(iy —eM1) —

—M1 — —
BM BA + AM

éeeka)b—i-—

BM ~a—2b
[4 marl?s% + c

Examiners report

A fairly straightforward question for candidates confident in the use of and correct notation for relative position

[4 marks]

vectors. Sign errors were the most common, but the majority of candidates did not gain all the reasoning marks for
part (c). In particular, it was necessary to observe that not only were two vectors parallel, but that they had a pointin

common.

Markscheme

— —
RA = 1BA
(@a-b) A13

G
[5 marks]

Examiners report

A fairly straightforward question for candidates confident in the use of and correct notation for relative position

[5 marks]

vectors. Sign errors were the most common, but the majority of candidates did not gain all the reasoning marks for
part (c). In particular, it was necessary to observe that not only were two vectors parallel, but that they had a pointin

common.

Markscheme

— — —
BT = BR +RT

(M1} —
A?BA—i-RT
_2 2 2 2 4
——%—gb—ga—§b+§c
BT =

point |59c mon to %an _angd —31R1—>
B BT BM BT = —BM
so lieson[] AG

T BM
[5 marks]

Total [14 marks]

[5 marks]



10a.

10b.

Examiners report

A fairly straightforward question for candidates confident in the use of and correct notation for relative position
vectors. Sign errors were the most common, but the majority of candidates did not gain all the reasoning marks for
part (c). In particular, it was necessary to observe that not only were two vectors parallel, but that they had a pointin
common.

[6 marks]
Markscheme
(Al1)(A1)

use of / (MX) 1

e

ni (&1 (OAsig) namd mp = | 3

_17 _ 7
cosd A (_ m)

Note: Award A1 for a correct numerator and A1 for a correct denominator.

Al
6 = 69°

Note: Award Al for 111°.

[6 marks]

Examiners report

Reasonably well answered. A large number of candidates did not express their final answer correct to the nearest
degree.

[4 marks]

Markscheme
attempting to find a normalto  (M1)

(A1) 3 8

M1 8 o eg 2 x| 11

or dqutvient} 1 17} 22 —2 6
i 2 GPS6r /5 | e [\ 2

1 12 1

Examiners report

Part (a) was reasonably well done. Some candidates made numerical errors when attempting to find a normal to .
™

[4 marks]
Markscheme
(A1)

attempting4o\solve / M1
l3;411:4 0| +¢tl/22ps\tERS

t:AIE 8 L9t |e| —2| =4 fort ie9t+16=4 fort
478 20
4"511%’rk§]) 8+t 1

Total [8 marks]



Examiners report

In part (b), a number of candidates were awarded follow through marks from numerical errors committed in part (a).

11a. [3 marks]

Markscheme
attempt at implicit differentiation M1

AlA1 dy dy
2x75x£ f5y+2y£ =0

Note: A1 for differentiation of , A1 for differentiation of and .
z? — 5y y: 7

dy o
2x; 5y+ 4 (2y—5z)=0
dy” "~ by—2z

8 marksj®

Examiners report
[N/A]

11b. [4 marks]

Markscheme
@A:l 5x1-2x6 _ 1
gradieRtbfhotmalt Al
equation of normal ;41

y=—4x+c
substitution of

6,1
Al (6, 1)
y= —4x + 25

Note: Accept
[4 marks]

Examiners report
[N/A]



1llc.

12a.

12b.

Markscheme
setting 5y1\55;l

Al 2y-5z

3sJuEstituting into original equation M1

(A1)
2+ 522 + 22 =17

T2 =17
Al

r==1
points and (A1)

dlstance ﬂ)A)

[8 marks]

2v2)

Total [15 marks]

Examiners report
[N/A]

Markscheme

and are not parallel, since R1

L; Lo
if%heymeet,then and M1/ —1

1-—X
solving simultaneously E'; ﬁ /%‘Lé k
= Abeu 0

contradiction, R1

2422 =4+6p=2+#4
so lines are skew AG

Note: Do notaward the second R1 if their values of parameters are incorrect.

[4 marks]

Examiners report

[N/A]
Markscheme
M1A1
(ary (2
Oie 1 (= 11) = /6+4/41 cos 6
45]5° 4 radians)
7‘na ks]

Examiners report
[N/A]

[8 marks]

[4 marks]

[4 marks]



13.

14a.

[5 marks]
Markscheme

point on line is

or simila& MIAIL \
5= —L® y= 9rBN

I - 9 -
Note: EAccept use of point on the line or elimination of one of the variables using the equations of the planes

MIA1
—1-5A 945X LoN=k
Note: Awrd MIAT if coordinates of point and equation of a plane is used to obtain linear equation in k or equations of the line are
used in combination with equation obtained by elimination to get linear equation in k.

Al
k=-2
[5 marks]

Examiners report

Many different attempts were seen, sometimes with success. Unfortunately many candidates wasted time with aimless substitutions
showing little understanding of the problem.

[4 marks]

Markscheme

Al
_A1 (O
AB=|, 6..| = AB=./72
so they same A
AC= N0 = AC=yT2

—6

ABAG — 36— (y72) (y72) cost

AIAG

36 1

cosf = === 60=060°
Note: AWARUNFPAT if candidates find BC and claim that triangle ABC is equilateral.

[4 marks]

Examiners report

Parts (a) and (b) were well attempted with many candidates achieving full or nearly full marks in these parts. Surprisingly, many
candidates were not able to find the coordinates of the midpoints in part (c) leading to incorrect equations of the planes and, in many
cases this affected the performance in part (d). Very few answered part (d) correctly. In parts (e) and (f) very few candidates made
good attempts of using the ‘show that’ procedure and used a parametric approach. In most attempts, candidates simply verified the
condition using the answer given. In a few cases, candidates noticed that G is the barycentre of [ABCD] and found its coordinates
successfully. Some candidates were also successful in determining the bounding angle using the information given. Unfortunately,
many candidates instead of finding the angle simply quoted the result.



14b.

14c.

Markscheme

METHOD 1
MI1)A1

iqﬁ!atiemof faneds *

(MF =({0 6 -6
z—y—2z2=%k6 0 —6
goes through A, B or C

= —36i + 36; + 36k

Al
= B=Y=2=2
[4 marks]
METHOD 2
(or similar) M1
z+by+cz=d
5—2b+5c=d

Al
5+4b—c=d
—1—-2b—c=d

solving simultaneously M1

b=-1,c=-1,d=2
o)
Al
B=y=2=27
[4 marks]

Examiners report

[4 marks]

Parts (a) and (b) were well attempted with many candidates achieving full or nearly full marks in these parts. Surprisingly, many
candidates were not able to find the coordinates of the midpoints in part (c) leading to incorrect equations of the planes and, in many
cases this affected the performance in part (d). Very few answered part (d) correctly. In parts (e) and (f) very few candidates made
good attempts of using the ‘show that’ procedure and used a parametric approach. In most attempts, candidates simply verified the
condition using the answer given. In a few cases, candidates noticed that G is the barycentre of [ABCD] and found its coordinates
successfully. Some candidates were also successful in determining the bounding angle using the information given. Unfortunately,

many candidates instead of finding the angle simply quoted the result.

Markscheme
(i) midpoint is

, S0 equation of

'\ 9 1’

MA741

Hiy # midpoint is

, S0 equation of

(i%, _27 2)

4141

Koté Tatach part, award A1 for midpoint and A1 for the equation of the plane.

[4 marks]

Examiners report

[4 marks]

Parts (a) and (b) were well attempted with many candidates achieving full or nearly full marks in these parts. Surprisingly, many
candidates were not able to find the coordinates of the midpoints in part (c) leading to incorrect equations of the planes and, in many
cases this affected the performance in part (d). Very few answered part (d) correctly. In parts (e) and (f) very few candidates made
good attempts of using the ‘show that’ procedure and used a parametric approach. In most attempts, candidates simply verified the
condition using the answer given. In a few cases, candidates noticed that G is the barycentre of [ABCD] and found its coordinates
successfully. Some candidates were also successful in determining the bounding angle using the information given. Unfortunately,

many candidates instead of finding the angle simply quoted the result.



14d.

14e.

Markscheme
EITHER
solving the two equations above M1
Al
OR 4 1
% has th dirfc 'o_p gf Vel tor product of the normal vectors to the planes
an
I ) \ O 1
IT,

cl)rit%op%)s'te) Al
0 1 —-1|=i—j—k

}recgon 115
as required RI

[3 mgrks]
1

Xaminers report

[3 marks]

Parts (a) and (b) were well attempted with many candidates achieving full or nearly full marks in these parts. Surprisingly, many
candidates were not able to find the coordinates of the midpoints in part (c) leading to incorrect equations of the planes and, in many
cases this affected the performance in part (d). Very few answered part (d) correctly. In parts (e) and (f) very few candidates made
good attempts of using the ‘show that’ procedure and used a parametric approach. In most attempts, candidates simply verified the
condition using the answer given. In a few cases, candidates noticed that G is the barycentre of [ABCD] and found its coordinates
successfully. Some candidates were also successful in determining the bounding angle using the information given. Unfortunately,

many candidates instead of finding the angle simply quoted the result.

Markscheme
D is of the form

Ml
(4—X —1+XN)

Ml

(T+X2+(-1-22+(5—A)2 =72
3\%76A—45=0

A ﬁi}\or A=-3

pgiél ’féw%}d MOMOA 0 if candidates just show that
satisfies

D (-1,4,5)

ABTIMPMI1A0 if candidates also show that D is of the form

(A=) -14+X\N)
[3 marks]

Examiners report

[3 marks]

Parts (a) and (b) were well attempted with many candidates achieving full or nearly full marks in these parts. Surprisingly, many
candidates were not able to find the coordinates of the midpoints in part (c) leading to incorrect equations of the planes and, in many
cases this affected the performance in part (d). Very few answered part (d) correctly. In parts (e) and (f) very few candidates made
good attempts of using the ‘show that’ procedure and used a parametric approach. In most attempts, candidates simply verified the
condition using the answer given. In a few cases, candidates noticed that G is the barycentre of [ABCD] and found its coordinates
successfully. Some candidates were also successful in determining the bounding angle using the information given. Unfortunately,

many candidates instead of finding the angle simply quoted the result.



14f.

15.

[6 marks]
Markscheme

EITHER
G is of the form
and
(44 -1+ )
pgl =AG, BGor CG
M1
T+A)2+(-1-A)24+B-A)2=6-A)2+5B-A)2+(5-)N)?
(1 %) = (5-2)
A =g
R 1,2)
G is the centre of mass (barycentre) of the regular tetrahedron ABCD  (M1)

MIA1
mﬁwﬂfl)ﬂﬂ) —2+4+(=2)+4  5+(—1)+(-1)+5

1 J 4 J 1
No}e: the following part is independent of previous work and candidates may use AG to answer it (here it is possible to award
MOMOAOAIMIAI)

MIAI
= —% =6 =109°

Examiners report

Parts (a) and (b) were well attempted with many candidates achieving full or nearly full marks in these parts. Surprisingly, many
candidates were not able to find the coordinates of the midpoints in part (c) leading to incorrect equations of the planes and, in many
cases this affected the performance in part (d). Very few answered part (d) correctly. In parts (e) and (f) very few candidates made
good attempts of using the ‘show that’ procedure and used a parametric approach. In most attempts, candidates simply verified the
condition using the answer given. In a few cases, candidates noticed that G is the barycentre of [ABCD] and found its coordinates
successfully. Some candidates were also successful in determining the bounding angle using the information given. Unfortunately,
many candidates instead of finding the angle simply quoted the result.

[5 marks]
Markscheme

perpendicular when
(M1)
- _1
+4kinfcosx =
09z f 1| 2sinz | =0
2
) 51
Admp s !
NofesAgoeept answers in degrees.

[5 marks]

Examiners report

Most candidates realised that the scalar product should be used to solve this problem and many obtained the equation

. Candidates who failed to see that this could be written as

%%ﬂy%ﬂ'daﬂo further progress. The majority of those candidates who used this double angle formula carried on to obtain the
sinddon 0-5

but few candidates realised that

érgas also a solution.

12



16a

" Markscheme

in augmented matrix form

{tempgto fipd adine of zeros

1 (ig) -2 1
o A/
To —T
E?e_r_e 1 Oso]ll%on_vgﬁenk
RI 0 O 0 k

Kater ﬁ[ﬁﬁ@ﬂ(@&s other than using the augmented matrix are acceptable.

[5 marks]

Examiners report

1._?3%5C 1 b3 . 3
ere I gy, infinige number,f sofutions when

[5 marks]

Many candidates were able to start this question, but only a few candidates gained full marks. Many candidates successfully used the
augmented matrix in part (a) to find the correct answer. Part (b) was less successful with only a limited number of candidates using
the calculator to its full effect here and with many candidates making arithmetic and algebraic errors. This was the hardest part of the
question. Many candidates understood the vector techniques necessary to answer parts (c), (d) and (e) but a number made arithmetic

and algebraic errors in the working.

16b.

Markscheme
using
and letting
M
MBy3
—2
k+4
A=3
+8\=24
18
e(iﬁglv nt)?
)08
8

Examiners report

[7 marks]

Many candidates were able to start this question, but only a few candidates gained full marks. Many candidates successfully used the
augmented matrix in part (a) to find the correct answer. Part (b) was less successful with only a limited number of candidates using
the calculator to its full effect here and with many candidates making arithmetic and algebraic errors. This was the hardest part of the
question. Many candidates understood the vector techniques necessary to answer parts (c), (d) and (e) but a number made arithmetic

and algebraic errors in the working.



16c.

16d.

16e.

[5 marks]
Markscheme

recognition that
is parallel to the plane (A1)

e3tidn normal of the plane is given by
-
160 f 24~ 11k Al
artesojan &l ation of the plane is given by 16x + 24y —11z = d and a point which fits this equation is (1, 2, 0)  (M1)

1612 45 d
hence Cartesian equation of plane is 16x + 24y —11z=64 AG
Note: Accept alternative methods using dot product.

[5 marks]

Examiners report

Many candidates were able to start this question, but only a few candidates gained full marks. Many candidates successfully used the
augmented matrix in part (a) to find the correct answer. Part (b) was less successful with only a limited number of candidates using
the calculator to its full effect here and with many candidates making arithmetic and algebraic errors. This was the hardest part of the
question. Many candidates understood the vector techniques necessary to answer parts (c), (d) and (e) but a number made arithmetic
and algebraic errors in the working.

[2 marks]
Markscheme

the plane crosses the z-axis whenx=y=0 (M1)
coordinates of P are

Al
64
1@0&: AW:)rd Al for stating

L 64
=7

Note: Accept.

0
mélrk
64
1

Examiners report

Many candidates were able to start this question, but only a few candidates gained full marks. Many candidates successfully used the
augmented matrix in part (a) to find the correct answer. Part (b) was less successful with only a limited number of candidates using
the calculator to its full effect here and with many candidates making arithmetic and algebraic errors. This was the hardest part of the
question. Many candidates understood the vector techniques necessary to answer parts (c), (d) and (e) but a number made arithmetic
and algebraic errors in the working.

[5 marks]
Markscheme

recognition that the angle between the line and the direction normal is given by:
where
i § a gHeGb tween the line and the normal vector MIA1

5 %/42—9 ggs\éﬁ cosf

Sk D 4% B i#RSne and the plane is 90° — 42.8° = 47.2° (0.824 radians) A7
[5 marks]
Note: Accept use of the formula a.b =



Examiners report

Many candidates were able to start this question, but only a few candidates gained full marks. Many candidates successfully used the
augmented matrix in part (a) to find the correct answer. Part (b) was less successful with only a limited number of candidates using
the calculator to its full effect here and with many candidates making arithmetic and algebraic errors. This was the hardest part of the
question. Many candidates understood the vector techniques necessary to answer parts (c), (d) and (e) but a number made arithmetic
and algebraic errors in the working.

17a. [4 marks]

Markscheme
METHOD 1

and
avaAr 4ts
SotvEtimmiafieodds
A]1
Not:e:@ﬁ@/:nc]ed to see one time for the A1.

therefore meet at (3, 1) Al
[4 marks]
METHOD 2

path of A is a straight line:
MIAI
y=-2z+3
Note: Award M1 for an attempt at simultaneous equations.

path of B is a straight line:

- 7 25
y=-—1=+7
—%x+3:—%x—|7275.(:>m:3)
so'the common pointis (3, 1) Al

[4 marks]

Examiners report

This was probably the least accessible question from section A. Most started by using the same value of ¢ in attempting to find the
common point, and so scored no marks. There were a number of very good candidates who set different parameters for # and
correctly obtained (3,1) . There was slightly better understanding shown in part b), though some argued that the boats did not collide
because their times were different, yet then provided incorrect times, or even no times at all.



17b.

18a.

[2 marks]
Markscheme
METHOD 1

boats do not collide because the two times

tA =5 tp _R)
are dlffserent 1
[2 marks]
METHOD 2

for boat A,

and for boat B ;
T—4t=3=>t=1
times are different so boats do not collide RIAG

[2 marks]

Examiners report

This was probably the least accessible question from section A. Most started by using the same value of # in attempting to find the
common point, and so scored no marks. There were a number of very good candidates who set different parameters for # and
correctly obtained (3,1) . There was slightly better understanding shown in part b), though some argued that the boats did not collide
because their times were different, yet then provided incorrect times, or even no times at all.

[4 marks]
Markscheme

Note: Accept alternative notation for vectors (eg

).
(a b, c) or (a,b,c)

1
> %Q
E+2+3

7
cos =
F1+1. /146

ﬁ4”é 07 2rad)

Examiners report

Although this was the last question in part B, it was answered surprisingly well by many candidates, except for part (e). Even those
who had not done so well elsewhere often gained a number of marks in some parts of the question. Nevertheless the presence of
parameters seemed to have blocked the abilities of weaker candidates to solve situations in which vectors were involved.
Mathematical skills for this particular question were sometimes remarkable, however, calculations proved incomplete due to the way
that planes were presented. Most candidates found a correct angle in part (a). Occasional arithmetic errors in calculating the
magnitude of a vector and dot product occurred. In part (b) the vector product approach was popular. In some case candidates simply
verified the result by substitution. There was a lot of simultaneous equation solving, much of which was not very pretty. In part (c), a
number of candidates made errors when attempting to solve a system of equations involving parameters. Many of the results for the
point were found in terms of k. It was notorious that candidates did not use their GDC to try to find the coordinates of the intersection
point between lines. In part (d), a number of candidates used an incorrect point but this part was often done well.

Very few excellent answers to part (e) were seen using an efficient method. Most candidates attempted methods involving heavy
algebraic manipulation and had little success in this part of the question.



18b. [5 marks]
Markscheme

Note: Accept alternative notation for vectors (eg

)<.a, b, c) or (a,b,c)

METHOD 1
eliminate z fromx—2y—3z=2and 2x—-y-z=k
MIAI Y (- 3k)

Sz —y=3k—-2=z="—+
eliminate y fromx -2y —-3z=2and 2x—-y—-z=k

Al
3x+z2=2k—2=x= —
x=t,y=Q2-3k)+5tand z= 2k -2) -3t AIAl

AG

[5 mgrks0 1
+t| 5

-3

2—(2k—2)

=123k

ME HQDZ

2k —2
MIA1

etk 30 2 =i
-2 | x| —-1|=| -5 | = directionis | 5
(M)
0N=23/—32=2dnd 2% 8 Sy — 2=k -3
solve simultaneously  (M1)

Al
y=2—3kand z =2k —2
therefore r

AG

[5 rfark9] 1
staopd 1| °
21137 2 -3

substitute

M1
z=t, y=(2—3k)+5t and z= (2k — 2) — 3¢ into m; and 7,
for

Al
moit—2(2—3k+5t) —3(2k—2—-3t) =2
for

Al
Ty : 2t — (2 — 3k +5t) — (2k—2—3t) =k
the planes have a unique line of intersection ~R2

therefore the line is

AG
[5 mgfrks 0 1
r=|2-3k | +t| 5
2k —2 -3

Examiners report

Although this was the last question in part B, it was answered surprisingly well by many candidates, except for part (e). Even those
who had not done so well elsewhere often gained a number of marks in some parts of the question. Nevertheless the presence of
parameters seemed to have blocked the abilities of weaker candidates to solve situations in which vectors were involved.
Mathematical skills for this particular question were sometimes remarkable, however, calculations proved incomplete due to the way
that planes were presented. Most candidates found a correct angle in part (a). Occasional arithmetic errors in calculating the
magnitude of a vector and dot product occurred. In part (b) the vector product approach was popular. In some case candidates simply
verified the result by substitution. There was a lot of simultaneous equation solving, much of which was not very pretty. In part (c), a
number of candidates made errors when attempting to solve a system of equations involving parameters. Many of the results for the
point were found in terms of k. It was notorious that candidates did not use their GDC to try to find the coordinates of the intersection
point between lines. In part (d), a number of candidates used an incorrect point but this part was often done well.

Very few excellent answers to part (e) were seen using an efficient method. Most candidates attempted methods involving heavy

algebraic manipulation and had little success in this part of the question.



18c.

18d.

[5 marks]
Markscheme

Note: Accept alternative notation for vectors (eg

).
(a, b, c) or (a,b,c)
MIAI

Notd: A Rara¥rA% e 2628 vedor %F)paramem'c equations of

ég
-2
s1§ M —3 +s| 2
122 k+5 —3 +2 -1

fhie 1+s

I A1
~1

[5 marks]

Examiners report

Although this was the last question in part B, it was answered surprisingly well by many candidates, except for part (e). Even those
who had not done so well elsewhere often gained a number of marks in some parts of the question. Nevertheless the presence of
parameters seemed to have blocked the abilities of weaker candidates to solve situations in which vectors were involved.
Mathematical skills for this particular question were sometimes remarkable, however, calculations proved incomplete due to the way
that planes were presented. Most candidates found a correct angle in part (a). Occasional arithmetic errors in calculating the
magnitude of a vector and dot product occurred. In part (b) the vector product approach was popular. In some case candidates simply
verified the result by substitution. There was a lot of simultaneous equation solving, much of which was not very pretty. In part (c), a
number of candidates made errors when attempting to solve a system of equations involving parameters. Many of the results for the
point were found in terms of k. It was notorious that candidates did not use their GDC to try to find the coordinates of the intersection
point between lines. In part (d), a number of candidates used an incorrect point but this part was often done well.

Very few excellent answers to part (e) were seen using an efficient method. Most candidates attempted methods involving heavy

algebraic manipulation and had little success in this part of the question.

[5 marks]
Markscheme

Note: Accept alternative notation for vectors (eg

)(.a, b, c) or (a, b, c)



\12/  \-1/ \12/
Examiners report

Although this was the last question in part B, it was answered surprisingly well by many candidates, except for part (e). Even those
who had not done so well elsewhere often gained a number of marks in some parts of the question. Nevertheless the presence of
parameters seemed to have blocked the abilities of weaker candidates to solve situations in which vectors were involved.
Mathematical skills for this particular question were sometimes remarkable, however, calculations proved incomplete due to the way
that planes were presented. Most candidates found a correct angle in part (a). Occasional arithmetic errors in calculating the
magnitude of a vector and dot product occurred. In part (b) the vector product approach was popular. In some case candidates simply
verified the result by substitution. There was a lot of simultaneous equation solving, much of which was not very pretty. In part (c), a
number of candidates made errors when attempting to solve a system of equations involving parameters. Many of the results for the
point were found in terms of k. It was notorious that candidates did not use their GDC to try to find the coordinates of the intersection
point between lines. In part (d), a number of candidates used an incorrect point but this part was often done well.

Very few excellent answers to part (e) were seen using an efficient method. Most candidates attempted methods involving heavy

algebraic manipulation and had little success in this part of the question.

18e. [5 marks]

Markscheme

Note: Accept alternative notation for vectors (eg

).
(a, b, c) or (a,b,c)

Let

be the angle between the lines

thnd

- (M1

sotfenfmet vzt 0-A0RB et 499-)
MIN—

X 670%) Y = asinf and XY = acosf

are@j_j 3 & smicosé’ =3

Berimetd?2
Al

Ndter H%Hrﬁifﬁﬂé?ﬁéer:nﬁt%%z} coordifidtes of Y and Z award M1 for expression of vector YZ in terms of two parameters, M1 for
attempt to use perpendicular condition to determine relation between parameters, M1 for attempt to use the area to find the parameters
and A2 for final answer.

[5 marks]

Examiners report

Although this was the last question in part B, it was answered surprisingly well by many candidates, except for part (e). Even those
who had not done so well elsewhere often gained a number of marks in some parts of the question. Nevertheless the presence of
parameters seemed to have blocked the abilities of weaker candidates to solve situations in which vectors were involved.
Mathematical skills for this particular question were sometimes remarkable, however, calculations proved incomplete due to the way
that planes were presented. Most candidates found a correct angle in part (a). Occasional arithmetic errors in calculating the
magnitude of a vector and dot product occurred. In part (b) the vector product approach was popular. In some case candidates simply
verified the result by substitution. There was a lot of simultaneous equation solving, much of which was not very pretty. In part (c), a
number of candidates made errors when attempting to solve a system of equations involving parameters. Many of the results for the
point were found in terms of k. It was notorious that candidates did not use their GDC to try to find the coordinates of the intersection
point between lines. In part (d), a number of candidates used an incorrect point but this part was often done well.

Very few excellent answers to part (e) were seen using an efficient method. Most candidates attempted methods involving heavy

algebraic manipulation and had little success in this part of the question.



19a

19b.

20a.

[4 marks]

Markscheme
17AfL 1 0
AB=|0]-12]=|-2
Neote: d\th mar, e components are seen in the line below.
AC=1"1)-12]|=1|-3
4 3 1
(M1)A1

4 i § ok 4
AB xrﬁ%: 0 -2 2|=12

1 -3 1 2
Examiners report

Candidates showed a good understanding of the vector techniques required in this question.

[2 marks]
Markscheme
area
(M1)
— —
- gtﬁﬁ g +¥ =1v24 (= 6)
Note: Award MOAO for attempts that do not involve the answer to (a).
[2 marks]
Examiners report
Candidates showed a good understanding of the vector techniques required in this question.
[3 marks]
Markscheme
(AD)
equatiof 8fYine:
BOE

6
(orequ'vill nt) MIAI
Notef Award MIAB ¥ r = is omitted.
r=|-1]+t]| 6
2 4
[3 marks]

Examiners report

There were many good answers to part (a) showing a clear understanding of finding the vector equation of a line. Unfortunately this
understanding was marred by many students failing to write the equation properly resulting in just 2 marks out of the 3. The most
common response was of the form

which seemed a waste of a mark.

a3V fs)



20b. [4 marks]
Markscheme

METHOD 1

r: —4+5s=-3+8t
y: 2s=—-1+46t

M1
z:4=2+4¢
solving any two simultaneously M1
t=0.5,s=1 (orequivalent) Al
verification that these values give R when substituted into both equations (or that the three equations are consistent and that one gives
R) RI
METHOD 2
(1,2, 4)is given by t=0.5 for
and s = 1 for

1
MIAIAL

2
because (1, 2, 4) is on both lines it is the point of intersection of the two lines R1

[4 marks]

Examiners report
In part (b) many students failed to verify that the lines do indeed intersect.

20c. [3 marks]
Markscheme
Ml
1) (4
090 |= 33 =26 = /29 x /29 cosf
r02 o 9 1
0 =1.45
[3 marks]

Examiners report

Part (c) was very well done.



20d. [6 marks]

Markscheme

M] -13 —4

90 ldaso eob 1ne2d rom

EIT,

05]6

Al —4 1 =)
= 0O |l—-12]|=1|-2

—_— — —

— = ——
1y OR+ iR = V4| 2
“f i) \o

A Bs 55 —5
s =992 + {2 =29 95 _2
2952 4585 0

s(s=2)=0,s=0,2
Al

(67 43 4) (a‘nd ( _47 07 4))
Note: There are several geometrical arguments possible using information obtained in previous parts, depending on what forms the

previous answers had been given.
[6 marks]

Examiners report

In part (d) most candidates were able to obtain the first three marks, but few were able to find the second point.



20e.

Markscheme

EITHER
midpoint of

is M(-3.5,-0.5,3) MIAI

[PS,
Al
—45
RM= | —25
M1\

the dire iGTPOY the line is
RSI = 72

_>
RS, +RP
MIAIT
—4 -9
—2|+[-=3]=|-5

egq atio oigl line 's:_2

or equivalent Al

[4 marks]

Notef Mirks cafifo be awarded for methods involving halving the angle, unless it is clear that the candidate considers also the

r=12|+t]|5
equa '041 f the lﬁ of

and
L,

to reduce the number of parameters involved to one (to obtain the vector equation of the required line).

L,

[4 marks]

Examiners report

There were few correct answers to part (e).



21a. [6 marks]

Markscheme
(i)

Siy-j —2k (oxdny-column vector form) (A1)
AB=0B-0A=
Note: Award A1 if any one of the vectors, or its negative, representing the sides of the triangle is seen.

15i— j — 2kl=
AB=

V30
Ji 3 + k=
BC =

V11
14 + 4j + k=
C

A2

V33

Note: Award A1 for two correct and A0 for one correct.

@iy METHOD 1
MIA
cosB AC 20+4+2
Note: AwardWor an attempt at the use of the scalar product for two vectors representing the sides AB and AC, or their negatives,

A1 for the correct computation using their vectors.

ﬁot/éTandldd_ ho use the modulus need to justify it — the angle is not stated in the question to be acute.

METHOD 2

using the cosine rule

COS%{AC 30+33711
Al 20V

_ 2% (__26_ )
[6 wiwpks]  3vTT0

Examiners report

Many candidates confidently tackled most of this many-part question. Part (b)(i) As the answer was given, candidates were required
to show they really knew how to work out a vector product in detail, not just by writing down a 3x3 determinant and then the final
answer. Part (d) A few candidates failed to realise that the equation of a line is an equation not simply an expression. Part (e) A

significant number of candidates did not realise that they could use their result for part (d).



21b.

21c.

[5 marks]
Markscheme

Al

BC(xHAxE+-1x43 1

(ii)  the area of

M1)
PSR = diliomra
AT A0S 16y
AG
:% 314
[5 marks]

Examiners report

Many candidates confidently tackled most of this many-part question. Part (b)(i) As the answer was given, candidates were required
to show they really knew how to work out a vector product in detail, not just by writing down a 3x3 determinant and then the final
answer. Part (d) A few candidates failed to realise that the equation of a line is an equation not simply an expression. Part (e) A

significant number of candidates did not realise that they could use their result for part (d).

[3 marks]
Markscheme

attempt at the use of “(r — a)
n=0" (M)

using r=xi + yj + zk, a =
andn=-7i-3j- 16k (Al)

OA

Al
Tx + 3y + 16z =47

Note: Candidates who adopt a 2-parameter approach should be awarded, A1 for correct 2-parameter equations for x, y and z; M1 for

a serious attempt at elimination of the parameters; A1 for the final Cartesian equation.

[3 marks]

Examiners report

Many candidates confidently tackled most of this many-part question. Part (b)(i) As the answer was given, candidates were required
to show they really knew how to work out a vector product in detail, not just by writing down a 3x3 determinant and then the final
answer. Part (d) A few candidates failed to realise that the equation of a line is an equation not simply an expression. Part (e) A

significant number of candidates did not realise that they could use their result for part (d).



21d.

2le.

Markscheme

{osequivalent) MI
OA +tAB

r=(i+2j+3k) +1(5i—j—2k)

Note: Award M1AQ if “r =" is missing.

Note: Accept forms of the equation starting with B or with the direction reversed.

[2 marks]

Al

Examiners report

Many candidates confidently tackled most of this many-part question. Part (b)(i) As the answer was given, candidates were required

[2 marks]

to show they really knew how to work out a vector product in detail, not just by writing down a 3x3 determinant and then the final

answer. Part (d) A few candidates failed to realise that the equation of a line is an equation not simply an expression. Part (e) A

significant number of candidates did not realise that they could use their result for part (d).

Markscheme
Q)

A=+ 2j + 3k) + 1(5i —j — 2k)
OD =

statement that
—fML)>
OD-BC =0
Al
2]14- 5t -1
2 24tt=0orft =3-3F=0
oglingtes pf D\ arp
45
(—3:34)

Note: Different forms of

—(%ive different values of ¢, but the same final answer.
D

(i)

D isnotbetween A and BRI

t<0=
[5 marks]

Examiners report

Many candidates confidently tackled most of this many-part question. Part (b)(i) As the answer was given, candidates were required

[5 marks]

to show they really knew how to work out a vector product in detail, not just by writing down a 3x3 determinant and then the final

answer. Part (d) A few candidates failed to realise that the equation of a line is an equation not simply an expression. Part (e) A

significant number of candidates did not realise that they could use their result for part (d).



22a. [2 marks]

Markscheme

-

CB=b—c

—AIAI

AC=b+c o
Note: Condone absence of vector notation in (a).

[2 marks]

Examiners report

Most candidates were able to find the expressions for the two vectors although a number were not able to do this. Most then tried to
use Pythagoras’ theorem and confused scalars and vectors. There were few correct responses to the second part. Candidates did not

seem to be able to use the algebra of vectors comfortably.

22b. [3 marks]

Markscheme
b+ e —

AC-CB =
b-¢) MI

S

Q4M| -

Al

N

=0 since

T

R1
{\Iote: Only award the A1 and R1 if working indicates that they understand that they are working with vectors.

SO

is-perpendicular to
AC

e

CB

isarightangle AG
ACB
[3 marks]

Examiners report
Most candidates were able to find the expressions for the two vectors although a number were not able to do this. Most then tried to
use Pythagoras’ theorem and confused scalars and vectors. There were few correct responses to the second part. Candidates did not

seem to be able to use the algebra of vectors comfortably.



23a.

23b.

23c.

[2 marks]
Markscheme

s

M1y 1

PQ=1| -1

point S £~ 4. Y2) A1
SR = |5~y

[2 mar h_,

Examiners report
This was a multi-part question that was well answered by many candidates. Wrong answers to part (a) were mainly the result of
failing to draw a diagram. Follow through benefitted many candidates. A high proportion of candidates lost the mark in (e) by not

writing their answer as an equation in the form r = ...

[2 marks]
Markscheme
Al

Y

PR=1] 4

s —13

PQ xPS = 7

[2 marks] -2

Examiners report

This was a multi-part question that was well answered by many candidates. Wrong answers to part (a) were mainly the result of
failing to draw a diagram. Follow through benefitted many candidates. A high proportion of candidates lost the mark in (e) by not

writing their answer as an equation in the form r = ...

[2 marks]
Markscheme

area of parallelogram PQRS

M1
— —

= BO xPS|=,/(—13)% + 72 + (—2)*

=By Pl

[2 marks]

Examiners report
This was a multi-part question that was well answered by many candidates. Wrong answers to part (a) were mainly the result of
failing to draw a diagram. Follow through benefitted many candidates. A high proportion of candidates lost the mark in (e) by not

writing their answer as an equation in the form r = ...



23d.

23e.

23f.

[3 marks]
Markscheme
equation of plane is —13x + 7y —2z=d MIAI
substituting any of the points given gives d = 33
—13x+7y-2z=33 Al

[3 marks]

Examiners report

This was a multi-part question that was well answered by many candidates. Wrong answers to part (a) were mainly the result of
failing to draw a diagram. Follow through benefitted many candidates. A high proportion of candidates lost the mark in (e) by not

writing their answer as an equation in the form r = ...

[1 mark]
Markscheme

equation of line is

Al
Notef Do\ get thg A7Lthyst have
r=10]+A 7

or equivdlent.
r= —2

[1 mark]

Examiners report
This was a multi-part question that was well answered by many candidates. Wrong answers to part (a) were mainly the result of
failing to draw a diagram. Follow through benefitted many candidates. A high proportion of candidates lost the mark in (e) by not

writing their answer as an equation in the form

[3 marks]
Markscheme

M1
169X + 49X\ +4X =33

Al
A=2 (=0.149...)

closest point is

Al
(—L8 77 _ 1) (= (~1.93, 1.04, - 0.297))
[3 marks]

Examiners report
This was a multi-part question that was well answered by many candidates. Wrong answers to part (a) were mainly the result of
failing to draw a diagram. Follow through benefitted many candidates. A high proportion of candidates lost the mark in (e) by not

writing their answer as an equation in the form r = ...



23g. [4 marks]

Markscheme

angle between planes is the same as the angle between the normals  (R1)

cos%l]:A!mX 14+7x—2—2x1
V222x /8
(accept
6 =143°
or 2.49 radians or 0.652 radians) Al
0 =374°
[4 marks]

Examiners report
This was a multi-part question that was well answered by many candidates. Wrong answers to part (a) were mainly the result of
failing to draw a diagram. Follow through benefitted many candidates. A high proportion of candidates lost the mark in (e) by not

writing their answer as an equation in the form r = ...



24.

Markscheme

(a) forusing normal vectors  (M1)

MIAI
en%e e %) lanes are perpendicular AG
515 [0 PET ST

-1 1

(b) METHOD 1
EITHER

2i-2-2k MIAI

j k
1 2 —-1|=
i 0 1
is normal to
[ihe
b
a+2b—c=0
Ml
a+c=0

asolutionisa=1,b=-1,c=-1 Al
THEN

has equation
T3
(M1)
B=p=2=0
as it goes through the origin, d = 0 so

has equation
T3

Al
p=a=2=0

Note: The final (M1)A1 are independent of previous working.

METHOD 2
AI(ADAIAI
[7 rgs ! !
r=101+s| 2 | +£| 0
0 -1 1

Examiners report

[7 marks]

Although many candidates were successful in answering this question, a surprising number showed difficulties in working with

normal vectors. In part (b) there were several candidates who found the cross product of the vectors but were unable to use it to write

the equation of the plane.



25.

[4 marks]
Markscheme

(@a+b)
(@a-b)=a

a+b

0 since

| Al
the diagonals are perpendicular  R1
Note: Accept geometric proof, awarding M1 for recognizing OACB is a rhombus, R1 for a clear indication that (@ + b) and (a — b)

are the diagonals, A1 for stating that diagonals cross at right angles and A1 for “hence dot product is zero”.

Accept solutions using components in 2 or 3 dimensions.

[4 marks]

Examiners report

Many candidates found this more abstract question difficult. While there were some correct statements, they could not “show” the
result that was asked. Some treated the vectors as scalars and notation was poor, making it difficult to follow what they were trying to
do. Very few candidates realized that a — b and a + b were the diagonals of the parallelogram which prevented them from identifying

the significance of the result proved. A number of candidates were clearly not aware of the difference between scalars and vectors.



26.

Markscheme

(@) EITHER
normal to plane given by
MIAI

112i4 8 kpak Al
2 3 2
guation ob

is
T
(M1)
3rz+2y—6z=d
as goes through (-2, 3, -2) sod = 12

AG
m:3x 42y —62=12
OR

r=—2+2\+6u
y=3+3A—3u

z2=—2+2X+2u
eliminating

7

z+2y=4+8\
MIAIAI

2y +3z=12\

eliminating

A
MIAIAI

3(x+2y) —2(2y+32) =12
AG

m:3x+2y —62=12
[6 marks]

(b) therefore A(4, 0, 0), B(0, 6, 0) and C(0, 0, 2)

Note: Award AIA1AQ if position vectors given instead of coordinates.

[3 marks]

(c) area of base

Ml
OAB=1x4x6=12
MIA
V:%x12><2:8
[3 marks]

(d)

MIAI

) 1

=9arfco -;) =3=7x1Xcos¢
X6 0

(accept 0.443 radians) MIAI
6 =90 — arccos 2 = 25.4°
[4 marks]

MIAI

[20 marks]



27.

©

(MI1)A1
d=4snf = 1—72 (=1.71)
[2 marks]

®

MIAL
8 =1 x 12y area = area =14
Note: If answer to part (f) is found in an earlier part, award MI1A 1, regardless of the fact that it has not come from their answers to

part (c) and part (e).

[2 marks]

Total [20 marks]
Examiners report

The question was generally well answered, although there were many students who failed to recognise that the volume was most

logically found using a base as one of the coordinate planes.

[5 marks]

2y+8z =4
=3z +2y = -7
2¢+6—2x =6
—4 4
=] -3 |+2| -2
42 2
= -7
6



Examiners report

The majority of candidates understood what was required in part (a) of this question and gained the correct answer. Most candidates
were able to do part (b) but few realised that they did not have to calculate

a+2b

\
‘as this is
c

. Many candidates lost time on this question.



28a.

Markscheme

(i) wuseofa

b=

—S — 8

(M1)
|cosf

b=-1 (Al

(ii)  the required cross product is

18i-24j-18k MIAI

i § ok
6 3 2=
gi) 7§sin?gr

n=p

n the equation of the plane is  (M1)

Al

182 — 24y —182=12 (3z—4y—3z=2)

(iv) recognizing thatz=0 (M1)

x-intercept

s y-zintercept

3
_ G
-2
area

Al
=366 =3

[11 marks]

[11 marks]



Examiners report

This was the most accessible question in section B for the candidates. The majority of candidates produced partially correct answers
to part (a), with nearly all candidates being able to use the scalar and vector product. Candidates found part (iv) harder and often did
not appreciate the significance of letting z = 0. Candidates clearly found part (b) harder and again this was a point where candidates
lost time. Many candidates attempted this using components, which was fine in part (i), fine, but time consuming in part (ii), and
extremely complicated in part (iii). A number of candidates lost marks because they were careless in showing their working in part (ii)

which required them to “show that”.



28b. [8 marks]

Markscheme

(ii) consider the LHS, and use of result from part (i)
+q

F@+m

p+q Ml

=P

o

A

pra

q (Al

=p

p+2p

q+q

;1 Al

f

td

q+

(i) EITHER

use of p

RS

RSN

=

-~



or T S A
[\S)

—0 —+—‘a—"a

‘2 Al

take square root (of these positive quantities) to establish A7

f™

MIMI

P

Note: Award M1 for correct diagram and M1 for correct labelling of vectors including arrows.

since the sum of any two sides of a triangle is greater than the third side,

when p and ¢ are collinear

TR TS



29.

[8 marks]

Examiners report

This was the most accessible question in section B for the candidates. The majority of candidates produced partially correct answers
to part (a), with nearly all candidates being able to use the scalar and vector product. Candidates found part (iv) harder and often did
not appreciate the significance of letting z = 0. Candidates clearly found part (b) harder and again this was a point where candidates
lost time. Many candidates attempted this using components, which was fine in part (i), fine, but time consuming in part (ii), and
extremely complicated in part (iii). A number of candidates lost marks because they were careless in showing their working in part (ii)

which required them to “show that”.

[8 marks]
Markscheme
(@)
to the plane
is pafalt1 Yo the line  (AI)(AI)

a= |, — 1
Note Avi d A1 for each correct vector written down, even if not identified.

e= "1
k
line
plane
=
parallel to
e
a
since
(M1)A1
4 —2
2| =t| 1 |=k=1
) 2
-1 k

(MI)(AI)
4B3-2)) —22— (-1+1XN) =1
Note: FT their value of k as far as possible.



30.

Examiners report

Solutions to this question were often disappointing. In (a), some candidates found the value of &, incorrectly, by taking the scalar

product of the normal vector to the plane and the direction of the line. Such candidates benefitted partially from follow through in (b)

but not fully because their line turned out to be parallel to the plane and did not intersect it.

Markscheme
METHOD 1

lal? -+ 16 ~21al blcos(r )

= ,{2 +2cosa
Note: Accept the use of a, b for

a
|
,

"
i

(b)
M1

=4/2+2cosa =3,/2—2cosa
Wi v

CosSo = £
METHOD 2
(@)

a-b

MIAI
in 2
a+b?

Al

\

|

2s

\

\
2sin
N

— —— —8

talh%]:%:coswg =1—%
cosa = 2c052% = :%

[5 marks]

I _-2)=2cos<
oteg %ccégt the use &f a, b for

[5 marks]



Examiners report

To solve this problem, candidates had to know either that (a + b)(a + b) =

a+b

that many candidates were unaware of either result and were therefore unable to make any progress in this question.

or that the diagonals of a parallelogram whose sides are a and b represent the vectors @ + b and a — b. It was clear from the scripts

[8 marks]

Markscheme
(@)

MIAI

__ _ab _sm2acosa+sina0052a—1 __ sin3a—1

c0s0 = Ly W, (* 3 )
()

Ml

alb=cosf =0
sin2acosa +sinacos2a —1 =0

Al
a=0.524 (=1)

(©
METHOD 1
(M1)
ss&.ming J
sin2a  —cos2a 1
cosgy  — sina -1

6
Note: Allow substitution at any stage.

wl»—\
m|l>_n

4L+ ‘/3) +k (? X
= 1
b are parallel R1

7
Mg
i
o

Note: Accept decimal equivalents.

METHOD 2
from (a)

MIAI
cosf = —1 (and sinf = 0)

=0 Al
axb

a and b are parallel RI1

[8 marks]



Examiners report

This question was attempted by most candidates who in general were able to find the dot product of the vectors in part (a). However
the simplification of the expression caused difficulties which affected the performance in part (b). Many candidates had difficulties in
interpreting the meaning of a

b =0 in part (c).
X



32.

Markscheme

(@

e
OM= |2

—AIA
ON =

[3-mar.
OP =

NN

(®)
and

_aiaf 1
MP —

-1 -1 0
(¢c) (i) areaof MNP
M1

—
:%MPXMN

-1
5 1
1

—
OA =

—AIl
oG =

’

(i)

SN ==I=]\)

singe
AG=
AG s dicular to MNP
AG =2(MP x MN)

(iii)

MIAI

1 l=12]1]1
) ot 2 1
i He=3

[7 marks

(d)

Al

RAXNH2AH-2) 3 3

Ad)\

Ml
conf s

1

R1

[20 marks]



'r:ku T35l 4
oty )
[6 marks]

Total [20 marks]

Examiners report

This was the most successfully answered question in part B, with many candidates achieving full marks. There were a few candidates
who misread the question and treated the cube as a unit cube. The most common errors were either algebraic or arithmetic mistakes.
A variety of notation forms were seen but in general were used consistently. In a few cases, candidates failed to show all the work or

set it properly.

33a. [8 marks]

Markscheme
(i)

la—b|=|a+b|
(M1)

= (a—b)-(a—b)=(a+Db)-(a+b)
Al

= la|® —2a-b+|b|® =|a|® +2a-b+b|?
Al

=4a-b=0=a-b=0

therefore

and

a

are perpendicular  R1
b

Note: Allow use of 2-d components.

Note: Do not condone sloppy vector notation, so we must see something to the effect that

is clearly being used for the M1.

le|* =c-¢c

Note: Allow a correct geometric argument, for example that the diagonals of a parallelogram have the same length only if it is a

rectangle.

(i)

MIAI

la x b| * = (|a||b|sin @) * = |a| *|b| *sin’@
M1

lal *[o|* — (a-b) * = |a|*[b]* — |a] * |b] *cos*®
Al

=1a|*|b|* (1 — cos?0)

= |a|*[b|? (sin6)

AG
= laxbd| ?=a| B> - (a-b) 2
[8 marks]



Examiners report

(i) The majority of candidates were very sloppy in their use of vector notation. Some candidates used Cartesian coordinates, which

was acceptable. Part (ii) was well done.

33b. [7 marks]

Markscheme
(i) area of triangle

(MI1)

— —
:2ABXACL
=3l(b—a) x(c—a)|

Al
:%|b><c+b><—a+—a><c+—a><—a

i)xfa:axb

>
cXa=—axc

Ml
—axX—a=0

hence, area of triangle is

AG
%|a>< b+bxc+cxal
(i) D is the foot of the perpendicular from B to AC
area of triangle

Al
hgcforel

M1

— |—
A [BD) = 1

Al
N ‘EXR"
E@L%M—W
[7

]

——
AC‘ }BD‘

— —
ABXAC}

Examiners report

Part (i) was usually well started, but not completed satisfactorily. Many candidates understood the geometry involved in this part.



34a.

Markscheme

(a) METHOD 1

solving simultaneously (gdc) (M1)
AlAl

=142z y=-1-52
AIAIAL

Note: 1 2

L:r=[-1|+X| -5
Al is foxr g. 1
1st

[6 marks]

METHOD 2

direction of line

(last two rows swapped) M1

=28 5] + IJ“ Al

=13 1 -1

puting ¢ = Oy a|point on the line satisfies
M1

2c+y=1,3z+y=2

ie. (1,-1,0) Al

the equation of the line is

AIAL
diet Awfrdladazif [ 2
y|l=|-1]+X]| -5
mjssing\ 1
g5

y

rks]

Examiners report

[6 marks]

Candidates generally attempted this question but with varying degrees of success. Although (a) was answered best of all the parts,

quite a few did not use correct notation to designate the vector equation of a line, i.e., r =, or its equivalent. In (b) some candidates

incorrectly assumed the result and worked the question from there. In (c) some candidates did not understand the necessary

relationships to make a meaningful attempt.



34b.

Markscheme
MI

&\ 12 %

1] x| -5

ice, n Al +

MIAI

therefor r1 1
na=| 0 |-|-1]=1
n=a -2 0

n

AG

= p=2u=1l

[4 marks]

Examiners report

[4 marks]

Candidates generally attempted this question but with varying degrees of success. Although (a) was answered best of all the parts,

quite a few did not use correct notation to designate the vector equation of a line, i.e., r =, or its equivalent. In (b) some candidates

incorrectly assumed the result and worked the question from there. In (c) some candidates did not understand the necessary

relationships to make a meaningful attempt.



34c. [6 marks]

Markscheme

METHOD 1
P=(-2.4,1),Q=

(z, y, 2)
Al

is perpgnlicudan to
;ép: y—4

3z+yi=h
is parallelto 3i +j -k RI
= PQ

Al
>z+2=3;y—4=t;z—1=—¢

Al
l-z2=t=z+2=3-32=z+32=1
solving simultaneously

M1
r+3z=1zz—-2z2=1

Al
52=0=>2=0;z=1,y=5
hence, Q =(1, 5, 0)

[6 marks]

METHOD 2
Line passing through PQ has equation

MiA1 3
r= 4 +t1
Meetsl 1

when:
3
MIAI
—243t—2(1-t)=1
t=1 Al
Q has coordinates (1,5,0) Al

[6 marks]

Examiners report

Candidates generally attempted this question but with varying degrees of success. Although (a) was answered best of all the parts,
quite a few did not use correct notation to designate the vector equation of a line, i.e., r =, or its equivalent. In (b) some candidates
incorrectly assumed the result and worked the question from there. In (c) some candidates did not understand the necessary

relationships to make a meaningful attempt.

35a. [2 marks]

Markscheme

—AIl
AB=b—-a
—AI

CB =a+b
[2 marks]



35b.

36a.

Examiners report

This question was poorly done with most candidates having difficulties in using appropriate notation which made unclear the
distinction between scalars and vectors. A few candidates scored at least one of the marks in (a) but most candidates had problems in
setting up the proof required in (b) with many using a circular argument which resulted in a very poor performance in this part.

[3 marks]
Markscheme

—MI1—
AB4£B = (b—a)-(b+a)
2 2
stk —[al
=G
bl = |a) N .
Note: Only award the A and R1 if working indicates that they understand that they are working with vectors.

)
4s-perpendicular to

-a right angle
GB rightangle AG
ABC
[3 marks]

Examiners report

This question was poorly done with most candidates having difficulties in using appropriate notation which made unclear the
distinction between scalars and vectors. A few candidates scored at least one of the marks in (a) but most candidates had problems in
setting up the proof required in (b) with many using a circular argument which resulted in a very poor performance in this part.

[2 marks]

Markscheme
" AlA 4
H
&&e‘: ccbifrow vectors.
AC= |\ 33

1
[2 marks]

Examiners report

Most candidates attempted this question and scored at least a few marks in (a) and (b). Part (c) was more challenging to many
candidates who were unsure how to find the required distance. Part (d) was attempted by many candidates some of whom benefited
from follow through marks due to errors in previous parts. However, many candidates failed to give the correct answer to this
question due to the use of the simplified vector found in (b) showing little understanding of the role of the magnitude of this vector.
Part (e) was poorly answered. Overall, this question was not answered to the expected level, showing that many candidates have
difficulties with vectors and are unable to answer even standard questions on this topic.



[4 marks]

36b.
Markscheme
MIAI
normal k 8
&‘BxAC_ 74 3/=1|16
1

1
4 -3 16
1 1
v 2
tte t lve y a system of equations:

Aid Al fo corre t quations, A1 for eliminating a variable and A2 for the correct answer.

[4 marks]

Examiners report

Most candidates attempted this question and scored at least a few marks in (a) and (b). Part (c) was more challenging to many
candidates who were unsure how to find the required distance. Part (d) was attempted by many candidates some of whom benefited
from follow through marks due to errors in previous parts. However, many candidates failed to give the correct answer to this
question due to the use of the simplified vector found in (b) showing little understanding of the role of the magnitude of this vector.
Part (e) was poorly answered. Overall, this question was not answered to the expected level, showing that many candidates have
difficulties with vectors and are unable to answer even standard questions on this topic.



37.

Markscheme
METHOD 1

[7 marks]

equation of journey of ship Sy

QQuatfoG 96 urney of speedboat S, ,setting off
mmutes later

MIAIAL

Nzo'té (AS\‘J;M Tolf)pérpggd;ular direction, A1 for speed, A1 for change in parameter (e.g. by using
gf = k

qgeing the time difference between the departure of the ships)
k
solve

N(' )4 4 O}Féaua@g<thgg 0 expressions.

10t =70 — 60t + 60k
M1

20t = 30 + 30t — 30k

Note: M mark is for obtaining two equations involving two different parameters

Tt—6k="17

—t+3k=3
Al
28

e 15D AV
[7 marks]

METHOD 2

A

.|

MIA1I

ﬁ‘E fta?ey{gicular distance)

MIAL
% Fy?l@a‘g/gras or coordinates)

At»%f

19V5
Af _ 25

lead%rglg @8"ﬁtest time 11:52 Al
k==
[7 marks]



Examiners report

Few candidates managed to make progress on this question. Many candidates did not attempt the problem and many that did make an
attempt failed to draw a diagram that would have allowed them to make further progress. There were a variety of possible solution
techniques but candidates seemed unable to interpret the equation of a straight line written in vector form or find a perpendicular
direction. This meant that it was very difficult for meaningful progress to be made towards a solution.
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