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Question|
Number

)
J

(2 7 Y os ) ‘Applies either
s ros|s | 10s 04+05(Kd,) or 01-05(K4,), -
6 1 75 heir | 2] | M

L J where K = ———1

( p \ W3
2 -1 35 “Atleast one position vestor s correet |
18 |-05[3| -5 255 (Alsoallow coordinates)

6 1 45 Both position vectors are correct |, |
/ (Also allow coordinates)

‘Question 6 Notes
6.(a) | Note | MI can be implied by at least two correct follow through coordinates from their Z or from their s
(b) Note | Evaluating the dot product (i.c. (~1)(3) + (-5)(0) + (1)(~4)) is not required

for the M1, dM1 marks.
Note | For M1 dM1: Allow one slip in writing down their direction vectors, d, and d,
Note | Allow MI dMIT for

() 3)
(\ (=1)"+(=5)" + (1) (3)" +(0) +(~4) JeosO= | -5 [(| ©
1 -4

Note | 0=1.297995.., (without evidence of awrt 74.37) is A0
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Alternative Method: Vector Cross Product
Only apply this scheme if it is clear that a vector cross product method is being applied.

() (30 . Realisation that the vector

- cross product is required

1 -4

or a multiple of d,and d,

“Applies the vector product
formula betweend, and d,

NI 4 (=5 41 3) +(0F +(-4) or a multiple of d, and d.
sing = 026
V2145

b 0=7436964117... = 7437 (2 dp) awrt 74.37 seen in (b) only

6.(c) | MI | Finds the difference between their OX and O and applics Pythagoras to the result to find AX or X4
OR applies [(their 2, found in (a)) — 2| =1+ (=57 + ()

Note | For MI: Allow one slip in writing down their OX and O/

T3

Note | Allow MIAL fml s Jlud gto AX =3 + (157 + (3 =243 =93

() | Note | imply M1 for no working leading to any two components of one of the OB which are correct.





image8.png
‘Question
Number

Scheme

Notes

their | 4X

tan(90-9)
where @is the acute or obtuse angle between /, and I,

tan(90 - 6) or AY =

Marks

‘anything that rounds to 55.7

Sin("7436964..

their 4]
sinf  sin(90-6)
acute or obtuse angle between /, and /,

oe., where @is the

ya = 93sin(74.36964.

sin(15.63036...)

55.7 (1dp) anything that rounds to 55.7
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6.(d)
Way 4

(Allow a sign slip in copying d,)

. =0
1 — M1
/ Applies YAed, =0 or ATed, =0
b 343u-75+5+4u=0 P “:g or YAs(Kd) =0 or ATs(Kd) =0
to find 4 and applies Pythagoras to find a
( 6\ e (o (67 ‘numerical expression for AY? or for the
35 +(15) 545 distance AY
anything that rounds to 55.7 | AL

121
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Question
Number

(@

®)

a, is the direction vector of /,

Notes Marks
04 occurs when u=1. 55|
G50 [B1
I
W dor asudaridaz0.d-0
with cither a = i + 5]+ 2k or d = —5i+4j+ 3k, | M1
ora multiple of —5i + 4j + 3k
Comeet vector equation wing ¥ = or 1 = or = | Al
Do notallow |- or £, or 1, = forthe Al mark )]

©

AP =\ + 07+ (2" =

Full method for finding AP | M1

22| Al

121
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=y Realisation that the dot product is
@ o |ad, required between (4P or PA) |y
L and £Kd, or £Kd,
Gependent on the
previous M mark.
Appies do poduct ormls |
oo TPea between their (47 or ) and | !
[l - T2 s or = N v - £Kd, or £Kd,
(10+0+6) _4 s 16
g =22 cost) = For0sor Sor 0 | Al eso
{cos 0} i 3 {cost) = Jor0.8 or S or 55 | AL
K]
© | {Arca 4PE=] %uhcirzﬁhinv %(Ah:irl‘/illamﬂ or %mwzﬁhimh:irv) M
=24 240 2or 2 orawn240 | Al
— [E]
(| PE=(-54)i + (4)j+ (34)k and PE = thir 242 from part (©)
{PE =} (52" + (427" + G2)° = (their 22)° ‘This mark can be implied. | M1
{;sm——x:z— 4 } 2 Either =2 ori= -2 | Al
5 5
N, ependent on the previous M mark
L= 5|22 4 Substitutes at least one | a1
2 s of their values of Zintol,
o Atleastone setof coordinates are | |
- _ comeet.
2 af 3 | (@
0%
3 Both scts of coordinates are correct. | Al
151
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Question 8 Notes

3 3
8@ | BI |Allow A(3.5.0) or 3 +5j or 3i+5)+ 0k or | 5 | or benefitof the doubt §
0 0
(b) Al | Correct vector cquation using T = or [ = or |, = or Linc2=
1 (-5 1) s
ic Writing r={ 5|+ 4| or r=| 5 |+2d,where disamulipleof | 4.
2 3 2 3
Note | Allow the usc of parameters £ or finstcad of 4.
© MI_| Finds the difference between OP and their 0.1 and applics Pythagoras to the result o find AP
(2)
Note

0
2

Allow MIAI for t chxdmglu AP =2y +(07 + (27 =8 =242.
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@

Note [ For both the M1 and dM1 marks 17 (or P.4) must be the vector used in part (c) or the difference

OP and their O from part (a).

Note | Applying the dot product formula correctly without cosf as the subject is fine for M1dM1

Note | Evaluating the dot product (i.c. (—2)(—5) + (0)4) + (2)3)) is not requircd for M1 and dM1 marks.

Note | In part (d) allow one slip in writing 77 and d,

Note |00 =210 08 4 pwed by cos 0 = & is fne for Al eso
B s 5

[
Note [ ol # |
Give MIaMIAL for 1, L 2) L 6 ) e
! Tt

Note | Allow final Al (ignore subsequent working) for cos@= 08 followed by 36.869.

Aliernative Method: Vector Cross Product

‘Only apply this scheme if it is clear that a candidate is applying a vector cross product method.

\ Realisation that the vector’
-2 -5 ik ‘cross product is required
] +Kd, or £Kd,
— ~ < “Applies the vector product
sing = VE8 (4 +(-8)" formula between their | gy,

Voo =0 e @ o P or ) and Kd, or £Kd,

s = =3 0=] cos=2or0sor L or L8 | a1
il s 3 3 o

(©

Note | Allow MIAT for 223" sin(36.869..) or 2 (22) sn(180' ~ 36.869.. = awrt 240

Note | Candidates must use their § from part (d) or apply a correct method of finding

3 4

their sin from their cosf= 3
5
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inued

800

2 from no incorreet working

Note | Allow the fst MIAL for doducing 4= F or 4=-2
'SC_ | Allow spocia cae 1 M1 for 4= 25 fom comparing lengths o from no working
Note | Give I M1 for y(-54)° + (42)° + (34) = (their 242)
Note | Give 1" M0 for (=57)" + (42)" + (32)" = (their 242) or equivalent
Note | Give 41 o 3 BAP = 2B g o 22
Iy @ or Ba
[P T B
Note | solie el o [l - 28 T
e RN
Note | The 27 dMT in part (1) can be implied for atlcast 2 (out of 6) correct . 3,
uesof 4.
Note—— | Giving e “soorimaies” 2= & solimn vestor or posiion vecior 1 Tioe Tor the Tal ATAT
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CAREFUL

CAREFUL

General

Putting |, cqual to 4 gives

Give MO dMO for finding and

sing 2= from his incorectmethod.

Give MO dMO for finding and

You can ollow through the part (¢ answer of heir AP = 22
for @) MIdMI. (e) ML () MidM1

General

You can follow through their o in part (b) for (d) MIAM, (D MIdMT
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Question Scheme Marks
B 0 B 3
& | ter=|-3fea] 1) 5{+u| 4| Let 0 =acucangle between , and L.
») 3 -2 s
@ T o
® their 1 and solves mgv: 2

Tquates K components, substitutes their 4 and their
1 and solves to give p=... or

equates k components to give

their " p—37 = the k value of A found in part (a)”,
substitutes their 1 and solves to give

M1





image17.png
(©)

@

. s 3) s £ 4d,nd £Bd,
o o T Rt 0 apply the dot
cos= 2] 00+ (O CHCH) ] W.mﬁm'fl..m, an

l:ﬂ”)l+(|f+(’3)l 3(3)!+(4)1+(’5T

0} 3 0 (3 ‘Realisation that the dot product is
odo=| 4 =] 1fe 4 required between | M1

and £8d,. |

3182 (2dp) anything that rounds to 31.82

o Writes down a correct iigonomairc cquation ivolving

L —sino . 4. ami
st distance, d. E sing, oc.

0V the shortest ~ m
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4.(b) [ Alternative method for part (b)
Sxj-9+3imtseiu] o o, Eliminates 7 to wrtc downan | |
ki p-3i=-2+5u cquation in p and 1
‘Substitutes their 4 and solves to give
P-9=13+7(-1) = p=15 r
r
4.&) | Alternative Methods for part (@) Let X be the foot of the perpendicular from B onto /,
5 ) 0 5
LOX=| =3 (42 1 |=| -3ea
[EN 15-31
s ) (-6
“3ed |- 9 ‘ —12+4
15-31 -1 2-31
Method 1
o o TAllow a sign ship in
_ copying d,
BYed =0 = | 1242 o[ 1 |=-1242-66+92=0 __copving d)
pow || s Applics BX+d, =0and
solves the resulting | M1
i 3 uation to find
leading t0 104 - 78 =0 = 4= cquation {
€ =4S avaluc for 4.
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Substitutes their value of
2 into their BX .

Note: This mark is
dependent upon the
previous M1 mark .

a1

Al

Let B=[BX| = 36+ 144 - 242 + 27 + 4841322+ 04 Finds

= 1027 =156 + 664 r.mu% and sets this result
. B
ana=101*|56=0 Dfl=? ‘equal to 0 and finds a value for

‘Substitutes their value of A into their [BX

— 39)
[ ’“’[TJ "5“[ ]”‘“’T Note: This mark is dependent upon the

previous M1 mark

awnt 746

MI

a1

Al
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Question 4 Notes

@

®

©

AL

NOTE
M

i

Note

Finds 1 and subsitutes their grinto I,
s
Point of interscction of 5i ++ 3k . Allow | 1| or (5,1,3).

Equates j components, substituics their 4 and solves 1o give
Equates K components, substitutes their 4 it 14 and solves o give p
or cquates k components o give their "p~34 = the k value of A found in part (b).
<is

Realisation that the dot product i required between +Ad,and +5d,

Allow one slip in candidates copying down their direction vectors, d, and d.
‘dependent on the FIRST method mark being awarded.

An attempt to apply the dot product formula between + Ad,and £Bd.
‘anything hat rounds 1o 31.82. This can also be achicved by 180 — 148.1
£=0.5553..% is AO.

( 0-16-60 Vo

MIALfor cosf = | m— |
U«n)1+<4r'+<42f.‘/(4; JEnaE J V6050

it 3187
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@

Alternative Method: Vector Cross Product
Only apply this scheme if it is clear that a eandidate is applying a vector eross product method.

a,xd, l I}xl AJ =4[ 0 1 -3|=7i-9j-3k| | cross product is required | M1
3

(o) ([ 3)

Realisation that the vector

-3 -5

nd = JoF+ 9+ 3? An attempt to apply the
JOF+ (0 + (37 NP £ (@ 57 Vector cross product formula

4 s between +4d, and

i3

in 0 = o = 0= 3820311623182 (2dp) ‘anything that rounds to 31.82 | Al

Full method for finding B and for finding the magnitude of 4B or the magnitude of BA.
dependent on the first method mark being awarded.

‘Writes down correct trigonomelric equation involving the shortest distance, d.
d

Eg: 0 (90-6). 0.c., where  their AB” i a value.
s " Garag 00 ’

and 0="their§" or stated as 9
‘anything that rounds to 7.46
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Scheme Marks
—~2i+4j+7k , OB=-i+3j+8k & OP
(-0 + 3) 8K)~ (20 + 4+ Th)): = MI; Al
21
= ! -1 1
® =| af+af-1| o fr)=| 3|44 Blft
7 1 8 1
m
~1) (o) (-1 1
() |PB=0B-0P=| 3|-|2|=| 1|or BP=|-1 M1
8) (3) Us -5
1) (-1 Applies dot product
il 1 formula between
1B 1)ls their (4B or Bd) | M1
feos 0=} -
[aB[[p8] ~ Joyr vy Jer e 6r and their (P or BP).
—1s5 31
{eos 0} =573 Correet proof | Al eso

Rz

L

131
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@

(©)

(8]
Way 1

0 1
(hres)|2|+p 1
3 1
0 (1
oC =|2|+|-1|=|1] or
3) L) s

{c(1.1,4), D(-1,3,2)}

h= »\/ﬁsin(’lﬂ.sm){ = «/ﬁg

Arca ABCD = % 26(v3 +243)

{

26

p+Ador p+ud, p=0,d=0with

cither p=0i + 2j + 3k or d = their 4B, ora

awrt 4.9}

246(5) =345} -9

‘multiple of their AB .
Correct vector equation.

Either O + their AB.

or OP - their AB

At least one set of coordinates are
correct.

Both sets of coordinates are correct.

b
their [P5]

27 5in(70.5..) or ¥27. é

or 246 or awrt 4.9 or equivalent

sing

L their h)(their 4B + their D)
2

"2

M1

Alft
21

M1

Alft

Alft
31

M1

Al oe

am1

Al cao

141
15
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8.0

Helpful Diagram!

Area AAPB = 4.2426...

Candidates do not need to
prove this result for part (f)
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141 |

Atiempis|PA] or [CB| | M1
8.(1) @ Ty =T —24e =
Ways (2 + @y + (4 =24 =246 = 4.89%9...
Area Aﬂm:%«lfd(«/ﬂz«ﬁ] or % 333 + 233 Li(neir 48 heie D) | M1 o
=91 9V2 | Al o
Way3 | Einds the area of cither triangle APB or APD or BCP and triples the result,
8.0 AmAAPB:%wﬁ{Z«E]smG Anemp:szl(mm AB)(their PB)sing | M1
1
L By L {5 e |
2 or awrt 4.24 or equivalent
Area ABCD =3 (342) 3 Area of AAPB | aM1
=942 92 | Al o

141
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Question 8 Notes

8.(a)

®)

©

M1

Al

BIft

Note
M1

M1

Al

Note

Note

Finding the difference (cither way) between OB and OA .
If no “subtraction” seen, you can award M1 for 2 out of 3 correct components of the difference.
1 1

i—jekor |~1]or (I,~1.1) or benefitof the doubt ~1
1 1
-2 I S 1
4|+a[-1| or {r 3| 44| -1/, with 4B or BA correctly followed through from (a).
7 1 8, 1

r= isnot needed.

An attempt to find either the vector PB or BP.
If no “subtraction” seen, you can award M1 for 2 out of 3 correct components of the difference.

Applies dot product formula between their (4B or BA) and their (P or BP).

Obtains {cos0) %bymnmmhn'mlmll;a
AB + PB
[45][e8]
they can gain both 2* M1 and Al mark.
Award the final Al mark if candidate achieves {cos6) =

If candidate starts by applying

orrectly (without reference to cosg

by either taking the dot product between

1 -1 -1 1
@ |~1|and | 1| or i) | 1]and |~1|. Ignore if any of these vectors are labell
1 B -1 -5
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Note | Award final A0, cso for those candidates who take the dot product between
1 1 -1 -1
(i) | ~1|and | ~1| or Gv) | 1]and | 1
1 -5 -1 s

They will usually find {cos} = % or may fudge {cos0} = 1.
If these candidates give a convincing detailed explanation which must include reference to the direction
of their vectors then this can be given Al cso

(©)

‘Alternative Method 1: The Cosine Rule

—1) (0} (-1 1
mE e e
Note|PB| =27 |1B] = V3 and [P4|= V23
(V3) =(V27) + (VB) - 2(27)(VB)eost Appliesthe cosine e | |

the correct way round
27+3-24 _1

18

st = Correct proof | Al cso





image28.png
8.(c) [ Alternative Method 2:
E 1
PB=0B-0P=| 3|-|2|=| 1] or BP=|-1 Mark in the same way | ;)
as the main scheme.
Confirms APAB is right-angled | M1
Correet proof | Al eso
(@ | M1 | Writing down a line in the form p + 4d or p + sd with cither
3
or a multiple of their 4B found in part (a).
0 1 0
Alft | Writing | 2| +4| -1| or |2|+ud, where d = their 4B or a multiple of their 4B found in part (a).
3 1 3
Note | r=isnot needed.
Note | Using the same scalar parameter as in part (b) is fine for Al
(e) M1 | Either OP + their 4B or OP — their AB .
Note | This can be implied at least two out of three correct components for either their C or their D.
Alft | At least one set of coordinates are correct. Ignore labelling of C, D
Alft | Both sets of coordinates are correct. Ignore labelling of C, D
Note | You can follow through cither or both accuracy marks in this part using their AB from part (a).
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®

M1
Way 2: Anunp!s‘ﬁ‘ or ‘ﬁ‘
Way 3: All:mp!s% (their PB)(thei AB)sing
Note | Finding AD by itself is M0.
AL | Either
o h=+27sin(705..) or ‘PA‘ ('B‘ /24 or cquivalent. (See Way 1 and Way 2)
or
1
* the area of cither riangle APB or APD or BDP = 5 N (3‘/3)&:.(70.5..‘) o.e. (See Way 3).
VT | which is dependent on the 1" M1 mark.
A full method to find the area of trapezium ABCD. (See Way 1, Way 2 and Way 3).
Al | 9472 from a correct solution only.
Note

A decimal answer of 12.7279... (without a correct exact answer) is AQ.
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Number Scheme Marks
3 7 -»
8. 1I: 8 |+a| 2|, A4(3.-2.6), OP 0
1 -1 2p,
3N (-p P 3 Finds the difference
(@ {Paf=|-2]-| o {aP 0|-[-2 between OA and OP . | M1
6) L2p 2p 6 Ignore labelling.
3+p 3-p
= -2 2 Correct difference. | Al
6-2p 2-6
3ep) (2
-2 fo| 2|=6+2p-4-6+2p=0 See notes. | M1
6-2p) (-1
p=1 Al eso

141
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b) | [AP|= {4 4 (22 + 47 or [4P|=(-4)" + 27 + (4)° See notes. | M1
So, PAor AP =36 or 6 cao Aleao
Tifollows that, 4B ="6" {= P4 } or PB="62" {=J2P4 | See notes. | BI ft
{Note that 4B ="6" = 2(the modulus of the direction vector of /) }
3 2
OB =|-2|£2 2| or
6 -1 Uses a correct method in order
to find both possible sets of | M1
(s 2 _(m 2 coordinates of B.
B=|8|-3 2| ad OB=|8|-7 2
1 -1 1 -1
7 -1
=|2|and |-6 Both coordinates are correct. | Al cao
4 8
151
9
Notes for Question §
8.(a)

MI: Finds the difference between O4 and OP. Ignore labelling.
If no “subtraction” seen, you can award M1 for 2 out of 3 correct components of the difference.
34p 3-p

Al: Acceptanyof | -2 |or 3+p)i-2j+(6-2pk or | 2 | or(-3- p)i+2j+(2p -6k

6-2p. 2p-6,
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Notes for Question 8 Continued

@ 2 2
M1: Applies the formula PAs | 2| or APe| 2| correctly to give a lincar equation in p which s set equal to
-1 -1
2

zero. Note: The dot product can also be with +k| 2|. Eg: Some candidates may find
-1
13 3) (10
10 |.for instance, and use this in their dot product which i fine for M1
1 6) \-s
Al: Finds p=1 from a correct solution only.
Note: The direction of subtraction is not important in part (;





image33.png
(b) | Ml: Uses their value of p and Pythagoras to obtain a numerical expression for cither AP or PA or AP* or

PA. Eg PAorAP = # + (227 + 4 or 47 + 20+ (-4) or @ +27+ 4
or PAor AP* = 4" +(<2)" + 4 or (-4 427 +(-4)" or 47 +27 + 47

APorPA =36 or 6 eao or AP* =36 eao

BIft: States or it is clear from their working that A ="6" {= their evaluated PA } or

PB="6"2 {= V2 (their evaluated PA) | .

A





image34.png
Note: So a correct follow length is required here for either AB or PB using their evaluated PA.
Note: This mark may be found on a diagram.

Note 1 candidute s tht [ 17| 15| ad then ocs o to i 17 then the 1 kb .
IMPORTANT: This mark may be implicd as part of expressions such as:

{48=) Y10+ 207 + (105207 + (5= 27 = 6 or { AB* =} (104 2" +(10+2) + (-5~

or (PB=} 8+ 227 T (54 227 + (1= = 6T or | PB* =} (144 207 + (8 + 22" +

-2y
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M1z Uses a full method in order to find both possible scts of coordinates of B:
Note: Ifa candidate achieves at least one of the correct (7, 2, 4) or (-1, -6, 8) then award SC M1 here.

=T

AL: Forboth (7,2,4) and (-1, ~6,8). Accept vector notation or i, j ,k notation
Note: Allthe marks are accessible in part(b) ifp =1 is found from incorrect working i part (a).

N

W
PP [][ z]‘m..m

carlier working.
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Notes for Question 8 Continued

‘Helpful Diagram!

13422
10+22 Bj 8+22
1-2
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8.(b)

Way 2: Setting 4B ="6" or AB*="36" Note: Itis possible for you to apply the main scheme for Way 2.
{4B="6"= AB* ="36"=] (10+22)" + (10+22)" + (-5- 1) ="36' BIft could be implied here.
927 4904 +225=36 = 927 + 902 +189=0

214102421=0 = (A+3)2+7)=0
2=-3,-7
‘Then apply final M1 Al as in the original scheme. | ... M1 Al

8.()

‘Way 3: Setting PB="6y2" or PB*="72" Note: Itis possible for you to apply the main scheme for Way 3.

{PB:"&'ﬁ: PB="72" | (14422)° 4 (8424) +(-1- A7 ="72"  BIft could be implied here.

977 +904+261=72 = 927 +904+189=0
2410442120 = (A+3)A+T)=0
2=-3,-7
‘Then apply final M1 Al as in the original scheme. | ... M1 Al





image38.png
Notes for Question 8 Continued

8.(0)

(You need to be convinced that a candidate is applying this method before you apply the Mark Scheme for
Way 4).
‘Way 4: Using the dot product formula between PA and PB, ie: cos 45

4) (14422
PAPB =|-2|s| 8422 [=56+81-16-42-4-41=36
4 (-1-2
[P] as before. | M1
L 36
feos 45 =} o= = ——— 36 or 6 | Al cao

2 6 Jor* + 904 + 261

1 36

2 97+ 904+ 261

977 +904+261=72 = 927 +904+189=0
2410242120 (2432 +7)=0

3.-7

V94% + 902+ 261 | BI oc

‘Then apply final M1 Al as in the original scheme. | ... M1 A1
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8.(0)

(You need to be convinced that a candidate is applying this method before you apply the Mark Scheme for
Way 5).
ABePB
Jaat ]
Attempts the dot product formula
between AB and PB.

‘Way §: Using the dot product formula between AB and PB, ie: cos 45 =

10422 (14422

10424 [o| 8422 Correet statement with ‘ﬁ| and |PB‘ Al
cosas oL~ 5-a) \-1-4 simplified as shown.
VI pF 907225 \or +901s 201 Either|4B|= {947+ 904+ 225 or -
|PB|= yoz* 902+ 261
feos a5 ) 1 _ 1404204+ 2824427+ 80 + 04+ 164 +44° +5+ 54+ A+ 4"
N JORT £ 907 + 225 \oA7 + 904 + 261
foos 45" =} %

1 (927 + 902 + 225
27 (947 +902 + 22592 + 90 + 261)
1 _ (927 +902+225)

27 OF +902+261)
947 + 902 +261 = 2(947 + 904 + 225) = 94" + 902 + 189 =0
2410242120 (2432 +7)=0

A=-3,-

‘Then apply final M1 Al as in the original scheme. | ... M1 Al
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Notes for Question 8 Continued

b

Way 6:
4 2 2

Pi=|-2|=2|-1| and direction vector of /is d =| 2
4 2 -1

So. [P-2ld o Pa-2ld A correct statement relating these | 11 41 )

distances (and not vectors)

Apply final M1 Al as in the original scheme. | ... M1 Al

Note: PA =2d with no other creditable working is MOAOBO...

3 2
Note: PA=2d, followedby OF = | 2 |+2| 2| is MIAIBIMI and the final Al mark is for both sets of
6 -1

correct coordinates.
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241 |-[12[=[1-10 MI Al
340) |3
7-20\ (-2
(=10 || 1[=-14+4r41-1041=0 Mi
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CP=| 3+t |-{12|=] t-9

440) \3) Len1
5-21) (-2
=9 || 1|=-10+4r41-9+141=0
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8-6) (2
Position vector of Pis | 3+3 |=| 6
4+3) 7

MI AL

M1

Al
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Scheme Marks

—j+ sk, OB=si+2j+10k, {OC 4j+ 9Kk} & OD=—i+j+ 4k
£((5i+ 2§+ 10K) - (2 - j+ 5K)): = 3i + 3]+ 5k MI; Al
121
2) (3 5y (3
® | e=|-1[+43] or r=| 2|+4[3 See notes | M1 Alft
s) s ) s
]

Let d be the shortest
distance from C'to I,
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(©)
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AD=0D-04=| 1|-|-1|=| 2| or Di=|-2
4 Ls) (= 1
3) (-3
3ol 2
iB o AD 5) -1
cosg AB+dD

VO @+ 3 @ + )

~9+6-5
[ [+ +65 (73)1+(2V+(4)’]

-8
S = 0=109.029544..
NN

cos 0 =

09 (nearest?)

OD + AB =(~i+ j+ 4k) + (3i + 3j+ 5k)
0 i+ 2+ 10k) + (=3 + 2j- k)

So, OC = 2i + 4j+ 9k

Area ABCD = (+(33)1@)sin109"):x 2 = 23.19894905

=sin7l  or fA3d =23.19894905...

Jia
o d = Idsin Tl = 3.537806563...

Applies dot product
formula between

their (4B or BA)
and their (4B or DA).

Correct followed through
expression or equation.

awrt 109

awrt 232

awrt3.54

M1

M1

A

Al eso AG

141
M

Al
121
MI:dMI AL
131
M
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7.(a)

®

©

MI: Finding the difference between OB and OA .
Can be implied by two out of three components correct in 3i +3j+ 5k or — 3i ~3j -5k
Al 3i43j+5k
M1: An expression of the form (3 component vector) % A(3 component vector)
Alft: r=04+2(their +4B) or r=0B+A(their +4B).

. or

Note: Candidate must begin writing their line as r= or [

< =
i

MI: Anattempt to find either the vector AD or DA.

Can be implied by two out of three components correct in ~3i +2j~k or 3i - 2j+ k. respectively.
M1: Applies dot product formula between their (A'E or BZ) and their (A'B or D;
Alft: Correct followed through expression or equation. The dot product must be correctly followed through
correctly and the square roots although they can be un-simplified must be followed through correctly.

Al Obtains an angle of awrt 109 by correct solution only.
Award the final Al mark if candidate achieves awrt 109 by either taking the dot product between:

3 -3 -3 3
() |3|and | 2| or (i) [~3|and|~2|. Ignore ifany of these vectors are labelled incorrectl
s -1 -5 1
Award A0, cso for those candidates who take the ot product between:
-3 -3 3 3
Gii) [~3|and | 2| or () |3|and |-2|.
-5 -1 5 1
‘They will usually find awrt 71 and apply 180 —awrt 71 to give awrt 109. If these candidates give a
convincing detailed explanation which must include reference to the direction of their vectors then this can be
given Al cso. If still in doubt, here, send to review.
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Number

Scheme

Notes

6.

s

3+u 0

1
3 2 Let 6, ,_ bethe

acute angle
between /, and I,

—a 6

(@)

=t =} 8-51=3 {=2=5}
or 4-2=5+3u and 4+ A=1-du (= u

28-54=3 or
4-A=5+3uand 4+ A=1-4u
or A=5 or #=—2 (Canbe implicd).

BI

4 -1 5 3
fox =} |2s|+s|=s| or |3]-2| 0
4 1 1 -4

Puts |, = I, and solves to find 4 and/or 4
and substitutes their value for 2 into /,

or their value for 4 into I,

M1

So, X(-1,3,9) L

-1
39 or |3
9

-1
or —i+3j+9K orcondone 3

Al eao

(b)
Way 1

Realisation that the dot product
is required between d, and d,
oramultiple of d,and d,

M1

|
IS

cosf=

‘dependent on the
1 M mark. Applies
dot product formula

-7 between d, and d, ora

NS0

OO+ A

- 27425

multiple of d,and d,

{0=105.6303585... P} O,... = 7436964117... = 7437 (2 dp)

awrt 74.37 seen in (b) only

Al
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M1: Applies either OD + their AB or OB + their AD .
‘This mark can be implied by two out of three correctly followed through components in their OD.
AL: For 2i + 4+ 9.
MI: &(their AB)(their CB)sin their 109°0r 71" from (b)). Awrt 11.6 will usually imply this mark.
dM1: Multiplies this by 2 for the parallelogram. Can be implied.
Note: 4((their 4B +their AB))(their CB)sin(their 109'or 71" from (b))
Al: awrt 232

d -
MI: e D =sin(their 109"or 71" from (b)) or (their AB) d = (their Arca ABCD)

Award MO for (their 4B)in part (f), if the area of their parallelogram in part (¢) is
(their AB)(their CB).

d

Award MO for in71  or (their I3 )d = 23.19894905...

Al: awnt354
Note: Some candidates will use their answer to part (f) in order to answer part (e).
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Alternative method for part (c): Applying the cosine rule:

-0 (2) (-3 3

L|-|-1|=| 2|orDi=|-2 MI: as above.

4 Ls) (= 1

5\ (-1) (6 -6
DB=0D-04=| 2|-| 1|=|1 -1

1) (4) s -6
So [dB| =3, [4D| =14 and [DB|=73

MI: Cosine rule structure of cosg :% assigned
2 2 2 al
3 i) - (V73 S _

cos @ = w cach of |AB . ADlmd‘ B‘ in any order as their a, b and c.

2Bia

Al: Correct application of cosine rule.

{ws 0= 2’716 = 6=109.029544. 09 (nearest®)  Al: awrt 109 (no errors scen). AG

NS
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Alternative method for part (d):

2 (3
OE=|-1|+43
s) s
2434) (-1 3434
—1432[-| 1] =|-2432
sesi) |4 1454
3432 (3
= |-2431]s[3]=0
1es2) s
94946494 +5+30 0:1:7%
2434) (-1
DE=|-1434|-| 1| =
sesi) |4

Length DE = 3.537806563...

M1: Takes the dot product between DE and AB and
progresses to find a value of £

dM1: Uses their value of A to find DE

A

awrt3.54
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Question

Number Scheme Marks
6 @ 6-A=-5+2u
j 34242153 Any two equations | M1
leadingto  A=3, u=4 MI Al
6) (-1} (3 -5 2) (3
r=|-3]+3 2|=|3| or r=| 15|+4)3|=[3 MI Al
-2 3) 7 3 1) 7
ki LHS =-2+3(3)=7, RHS =3+4(1)=7 Bl ©
(As LHS = RHS, lines intersect)
3
Alternatively for BI, showing that 2=3 and 4= 4 both give | 3
7
-1y ( 2
(®) | 2[| 3|=-2-6+3=V14V1dcoss  (6~11092°) MI Al
3L
Acute angle is 69.1° awrt69.1 | Al @)
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Question

Nomber Scheme Marks
4.
(@) | 4B =-2i+2j-k~(i-3j+2k)=-3i +5)-3k MA@
(b) 5j-3k) M1 At (2)
or +2j—k+A(-3i +5j-3k)
or CA |B1
m
“3+5p+15+18=0
Leading to p=-6 MA@
() 2-1) +(-6+3) +(-4-2)" (=46) M
AC =46 acceptawrt 6.8 | A1
@)
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Question
Nombor Scheme Marks
7. |@ jcomponents  3+24=9 =i=3 (u=1) |M1AL
Leading to C:(5,9,-1) accept vector forms | Al &)
(®) Choosing correct directions or finding AC and BC | Ml
1\(5
2|{0|=5+2=V6v29c0s 24CB use of scalar product | M1 Al
12
ZACB=5795° awrt 57.95° | Al @
(© A4:(2,3,-4) B:(-5,9,-5)
= AC=3V6 MI Al
= BC=2V29 Al
A4BC ;A(‘xB('sinLA(‘B
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Alternative method for (b) and (¢)
(b) 4:(2,3,-4) B:(-5,9,-5) C:(5.9.-1)

Finding all three sides | M1
116+54-86
cp=116+34-86 1 53066

260 ) MEAL

ZACB=5795 awrt 57.95° | Al “@
If this method is used some of the working may gain credit in part (c) and
appropriate marks may be awarded if there is an attempt at part (c).
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Question

Number Scheme Marks
Q4 (@) 4:(-6,4,-1) Accept vector forms | B1 1)
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®) |[-1|{-4 :|2+4+3:J41+(—1)1+31\31+(4)1+Fma M1 A1
30
19
cosf=— awrt0.73 | A1 @)
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© 3 =] 18 |=| -15 |ora, . x, P ax=3a] {M:JE}
9 6 3
- — - B Full method for finding LY or XA | M1
AX = JC (157 + () or3V2T {,‘/243},9& 35 scenn @ only [ Al 20
Note: You cannot recover work for part (c) in cither part (d) or part (c). 2L
@ il thei [4X]) ano, where 0is "
Way 1

their acute or obtuse angle between |, and I,

‘anything that rounds t0 55.7 | Al
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2 |+35] -5 105 Ml
s their 4, found i :
‘| V)L or 2,3 Wy Fnd (@),
4 -1 35 ) At least one position vector is correct. | )
28 [+05| -5 [i=| 255 (Also allow coordinates).
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(Also allow coordinates).
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Scheme

Notes

{4x =248 4B=LAX. 50,08 =0i+ 4B = 0B =0+ 44X}

Applies cither OA+0.54X or 0Ad—

AX
whete (their )= 2 their OX)- 04

“At least one position vector is correct
(Also allow coordinates)

Both position vectors are correct
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12-2)
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{ -1e-0
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35
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Y
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(Also allow coordinates)
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3=+2(2-A)or y:

x:

AB. Hence, 2= 3.50r 4= 0.5 can be found from solving either
15=+2(10 - 52) or =:

3=£2(-244)





image5.png
3 ( N —_ =
:,:;)4 _ -1 3 Applies either (their OX)+0.5X4
0B=| 3 |+0s| 15 or (their OX)+1.5X4 | MI:
9 =3 )0 where (their XA)= 04 — (their OX)
—1) Y ( N ‘At least one position vector is correct | ,
il 3 lus (Also allow coondinaes)
Both position vectorsare correet | |
L9 (Also allow coordinates)
3
6-(¢) (1) [ 2 [ os
3 |+| 18 |=| 105 Applies [1\lvclrFX)+F} MI;
9 6 75
{
(2 ) [ as “Atleast one position vector i correet | 1
_ (Also allow coordinates)
0B=| 18 255 —
Both position vectorsare correet | |
6 45 (Also allow coordinates)
3]





