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7. The point 4 with coordinates (=3, 7, 2) lies on a line /,
The point B also lies on the line /,

4

ﬁ
Given that AB = |-6{,
2

(a) find the coordinates of point B.
2

The point P has coordinates (9, 1, 8)
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(b) Find the cosine of the angle PAB, giving your answer as a simplified surd.

(&)

(c) Find the exact area of triangle PAB, giving your answer in its simplest form.

3
The line /, passes through the point P and is parallel to the line /,

(d) Find a vector equation for the line /,

2
The point Q lies on the line /,
Given that the line segment AP is perpendicular to the line segment BQ,

(e) find the coordinates of the point Q.
(6))
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e Scheme Notes Marks
Number

-3 4 9 9+4u 9+2u) | Let = size of angle
7. OA=| 7|,AB=|-6|, OP=| 1[;0Q=|1-6x |or OQ=|1-3u PAB. A, Blieon |,
2 2 8 8+2u 8+ u and P lieson |,
a —_— —_— —_— R —_—
(@) OB OA+AB = Attempts to add OA to AB | M1
1
1= B@114) @14 or| 1|lori+j+4k | Al
4
Note: M1 can be implied by at least 2 correct components for B [2]
9 -3 12 -12 R
(b) AP=0OP-0OA=| 11-| 71=l-6|or PA=| & Anattempt to find AP | .,
8 2 6 _6 or PA
19 4 Applies dot product
formula between their
—6 || —6 AD or DA
- (AP or PA) | yi1
{cose AP-AB o)\ 2 d(ﬁ ﬁ)
S = an or ora
| AP || AB | 12)° + (—6)* + (6)>.\/(4)* + (- 6)* + (2)°
\/( )y +=67+(0) \/() -6+ multiple of these vectors
{cosﬁ— % :cose} —~ or —\/_ A o i\ﬁ Al
21656 J21 P10 21
[3]
© oS0 — 4 —sin 0:«/21—1 _ NG :x/105 A correct method for converting an e>_<act M1
J21 J21 V21 21 value for cosqg to an exact value for sing
1 \/g Jg see notes | M1
Area PAB = =(4/216 )(v/56 )| = | <=12421| —— |} =12/5
() ) | (- o |25 2 e
[3]
9 4 9 ) p+Ad or p+ud, p=0,d=0 with
either p=9i+j+8k or d=4i—-6j+2k | M1
d | {Lifr=[ 1|+u -6|orr=| 1 +u -3 or d=multiple of 2i —3j+k
8 2 8 1 )
Correct vector equation | Al
[2]
9+4u 1 8+4u -8-4u - —
— — Applies their OQ — their OB
) | BG=|1-6x|-| 1|{=| —6x |\ {QB=| 6u PP roQ - their OB |\
8+ 2 4 452, _4-2y or their OB — their OQ
8+4u 12 [
BGAP=0= | —6u |+| -6 [=0 = u=.. Applle_s BQ-AF_’:O, 0.e. and solves the dM1
resulting equation to find a value for u
4+2u 6
5 120 5
:>96+48ﬂ+36y+24+12y=0:>96y+120=0:>y:—z ﬂ=‘g or :_Z Al o.e.
9+ 4(-1.25) 4 Substitutes their value of x into OQ | ddM1
0Q=|1-6(-1.25) |=| 8.5 |= Q(4, 8.5, 5.5) 4
8+2(-1.25)) (55 (4,85,55) or |85 | or 4i+85j+55k | Alo.e.
55
[5]
15
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L Scheme Notes Marks
Number

-3 4 9 9+4u 9+2u) | Let 6= size of angle
7. OA=| 7|,AB=|-6|, OP=| 1[;0Q=|1-6x |or OQ=|1-3u PAB. A, Blieon |,
2 2 8 8+2u 8+ u and P lieson |,
9+2u 1 8+2u -8-2u . [ R
. . Applies their OQ — their OB
L) BO=|1-3u || 1] {=| -3u |t {QB=| 3w ppites felr ©9 = thetr OB
8+ 1 4 4+ 1 4y or theirOB — their OQ
8+2u)( 12 .
BOAP=0= | —3u || -6|=0= u=.. Appllli_s BQ.A»[P- =?, :‘.ec;I and |SOIerS the dM1
'y 6 resulting equation to find a value for
5 5
=96+241u+18u+24+6u=0=48u+120=0= 'u:_E ﬂ:_E Al oe.
Substitutes their value of 4 into OQ | ddM1
9+2(-25)) ( 4 H Q
0Q=|1-3(-25) |=|85|= Q(4, 85, 55) 4
8+1(-2.5) 5.5 (4,85,55) or | 85| or 4i+85j+55k | Alo.e.
55
[5]
(b) Vector Cross Product: Use this scheme if a vector cross product method is being applied
Alt 1 9) (-3 12 -12 -
AP=0P-0A=| 1|-| 71=l-6|or PA=| & Anattempt to find AP | .,
8 5 6 _6 or PA
12 4 i j k
d,xd,=| -6 x| -6 |=4[12 -6 6| = 24i+0j—48k
6 2 4 -6 2
Applies vector cross product formula
_ 24)% 1 (0)? + (—48)2 between their ( AP or PA)and
g J@47 + 0y + (48) (APor PAJand |
J(12)? +(=6)? +(6)* [(4)* +(~6)* +(2)? (AB or BA)
or a multiple of these vectors
/2880 5 16 4
sin@ = = cos) = f — or —\/_ — or =21 | A1
{ T 21656 V21 { | 21 Jz‘ P10 21
3]
(b) Cosine Rule
Alt 2 9 -3 12 -12
AP=0OP-OA=| 1|-| 7|=|-6|or PA=| 6 An attempt to find AP or PA | M1
8 2 6 -6
Note: |PA|= /216, |AB| = /56 and [PB|=+/B0
N o e Applies the cosine rule
(“/%) _( 216) +(\/5_6) 2( 216)(\/§)COS‘9 the correct way round M1
cosd = 216+56-80 192
2421666  2./216/56
4 4 4 4
=050} =— or —+/21 2 oo 2
3]
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Question 7 Notes

7. (b) Note | If no “subtraction” seen, you can award 1% M1 for 2 out of 3 correct components of the difference
Note | For dM1 the dot product formula can be applied as
12 4
J(12)? +(=6)% +(6)* [(4)* +(~6)* + (2)? cosO = | —6 |+ —6
6 2
Note | Evaluation of the dot product for 12i —6j +6k & 2i—3j+k is not required for the dM1 mark
Al | For either — or \/_ 1 or cos0=—2 or —\/_
JTT Ja1
. . .. . 24+18+6 48 4 4
Using 12i —6j+6k & 2i—3j+k gives cosd = or —/21
Note g 121-6] 179 21614 w—ﬂ 21
. . .. . 4+3+1 8 4
Using 2i—j+k & 2i—3j+k gives cosé = = —/21
Note | =59 <=J 19 NN 2\/2_£ "
Note | Give M1IM1AQ for finding @ =awrt 29.2 without reference to cosé = f or —\/_
Note | Condone taking the dot product between vectors the wrong way round for the M1 dM1 marks
Note | Vectors the wrong way round
. — — . 4 4
e E.g. taking the dot product between PA and AB to give cos@ = ——— or ——+/21
g g p g N 21
with no other working is final A0
. — — . 4 4
e E.g. taking the dot product between PA and AB to give cos@ = ——— or ——+/21
g g p g N 21
followed by cosé = 4 or 4 21 or just simply writing 4 or 4 21is final Al
J21 21 J21 21
Note | In part (b), give MOdMO for finding and using AP = OP — AB = (5i + 7 + 6k)
2
() Note | Give 1% MO for sinezsin(cos‘l (42—\/12_1D or sinezl—(%ﬁj unless recovered
M1 | Give 2" M1 for either
o %(their length AP)(their length AB)(their attempt at sin &)
o %(their length AP)(their length AB)sin(their 29.2° from part (b))
o %(their length AP)(their length AB)sin@&; where cos@=... in part (b)
Note %(«/216)(\/%)sin(awrt 29.2° or awrt 150.8°) {= awrt 26.8} without reference to finding sin&
as an exact value if MO M1 AQ
Note | Anything that rounds to 26.8 without reference to finding sin& as an exact value is MO M1 AO
Note | Anything that rounds to 26.8 without reference to 125 is A0
Note | If they use AP =OP — AB = (5i +7j+6k) in part (b), then this can be followed through in part (c)
for the 2" M mark as e.g. %(JllO)(«/%)sin@
Note | Finding 12/5in part (c) is M1 dM1 A1, even if there is little or no evidence of finding an exact

value for sin@. So %(x/216)(\/%)sin(29.2°) =125 is M1 dM1 Al

MSB - Page 4
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Question 7 Notes Continued

7. (d) Note | Writing r=... or I, =... or I =... or Line 2 = ... is not required for the M mark
9 4 9 2 9
Al |[Writingr=| 1 |+u|-6|orr=|1|+u -3|orr=|1|+d,
8 2 8 1 8
where d =a multiple of 2i—3j+k
Note | Writing r=... or I, =... or I =... or Line 2 = ... is required for the A mark
9 13 5 13 4
Note | Othervalid p=| 1| aree.g. p=| -5|or p=|7|. Sor=| =5|+ u|-6| isM1LAl
8 10 6 10 2
9 4 9 4
Note | Give AQ forwriting I,:| 1 |+ x| —6| orans= | 1 |+ u| —6 | unless recovered
8 2 8 2
Note | Using scalar parameter A or other scalar parameters (e.g. wor s or t) is fine for M1 and/or Al
(e) ddM1 | Substitutes their value of x into 0Q, where @ = their equation for |,
Note | If they use AP =OP — AB = (5i +7j+6k) in part (b), then this can be followed through in part (e)
for the 2@ M mark and the 3" M mark
Note | You imply the final M mark in part (e) for at least 2 correctly followed through components for Q
from their u
Question Scheme Notes Marks
Number
7.(c) | Vector Cross Product: Use this scheme if a vector cross product method is being applied
Altl 12 4 i j k
APxAB=| -6 |x| -6 |=4[12 -6 6| = 24i+0j—48k
6 2 4 -6 2
1 Uses a vector product and \/("24")2 +("0")% +("—48"? | M1
Area PAB = —4(24)2 +(—48)° 1
2 Uses a vector product and 5\/("24")2 +("0")% +("—48"? | M1
=125 12./5 | Al cao
3]
7.(9) | Note: cos APB= —— or + Note: |PA|= /216 and |PB
Alt 2 ' 30 6\/_ ‘ ‘ ‘ ‘
ing - 30-25 5 \/5 A correct method for converting an exact M1
Sing'= ﬁ \@ 6 value for cosqg to an exact value for sing

1 . . .
Area PAR :%( 216)(\/%)(£H: 12\/§££]}=12\E E(thelr PA)(their PB)siné | M1

V30 30

12/5 | Al cao

[3]
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6. With respect to a fixed origin O, the lines /, and /, are given by the equations

4 -1 5 3
Lir=[28(+A[-5], Li:r=|3|+ul O
4 1 1 -4

where 4 and u are scalar parameters.
The lines /, and /, intersect at the point X.

(a) Find the coordinates of the point X.

2 decimal places.

2
The point 4 lies on /, and has position vector | 18
6

(c) Find the distance AX, giving your answer as a surd in its simplest form.

The point Y lies on /,. Given that the vector Y4 is perpendicular to the line /|

(d) find the distance Y4, giving your answer to one decimal place.

The point B lies on /, where ‘E | = 2‘E ‘

(e) Find the two possible position vectors of B.

(&)

(b) Find the size of the acute angle between /, and /,, giving your answer in degrees to

(€))

2

2
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AciRBEE" (Mark Scheme) This resouR&MBE created and owned by Pearsgn Edexcel Notes Msgs
4 -1 5 3 - 20 Let g, bethe
6. Lir=128+A|-5|, L:ir=|3|+ul 0|;04=| 18 | liesonl, acute angle
4 1 1 -4 6 between I, and 1,
@ =, =)28-51-3(=1=-5) 28-54=3 or
4 1-5.3 ddeicl_d _ 4-1=5+3mand 4+ [=1-4m | Bl
or 4-2=5+3u and 4+A=1-4u = u=-2| or =5 or u=-2 (Can be implied).
4 -1 5 3 Puts / = [, and solves to find / and/or m
{OX :} 28|+5|-5| or |3|-2| O and substitutes their value for 4 into I, | M1
4 1 1 -4 or their value for 4 into /,
-1 1
- -1,3,9) or | 3| or —i+3j+9k orcondone
So, X(-1,3,9) ( ) ol 3 | AL cao
9 9
3]
-1 3 -1 3 Realisation that the dot product
(b) d,=|-5|, d,=| O|=|-5e¢] O is required between d,and d, | M1
Way 1 .
1 —4 1) -4 or a multiple of d,and d,
-1 3 dependent on the
1%t M mark. Applies
+ | —
S dot product formula | 4m1
c0S0 = 1) \-4 {: —7/ } between d,and d, ora
JED + (57 + @2 @ + (07 + (-4 | 27425 multiple of d,and d,
{7=1056303588... P} 0,,,, =74.36964117... =74.37 (2dp) | awrt 7437 seenin (b) only | AL
[3]
-1 2 -3
(© | AX="0x"-04=| 3 |-| 18 |=| -15 |or 4, X, P Ax=3d, {\dl\ = \/E}
9 6
Full method for finding 4X or XA | M1
= -3)? + (- 2 + 2 {: \[ } =
AX \/( I +(-19)"+(3)" or 327 {=/243) =93 9+/3 seenin (c) only | Al cao
Note: You cannot recover work for part (c) in either part (d) or part (e). [2]
(d) YA Y—A_ =tanf or YA = (their ‘E‘)tan@. where 4is
= tan("74.36964..." their |4X]
Way 1 " \/_II ( ) cir Ml
their acute or obtuse angle between |, and |,
YA =55.71758... = 55.7 (1 dp) anything that rounds to 55.7 | Al
[2]
() {A,, X,.s =S0 AX =2AB=Soat B, 1=350r 1=05)}
Way 1 _ i i +
. 4 ! 0-5 Substitutes either / :(the" J, found in (@) + 2
OB=| 28 |+3.5| =5 [;=| 105 2 M1
4 1 75 or 1,=3- (their /7, found in (a)) into 1,
2
4 -1 35 At least one position vector is correct.
— - Al
OB=| 28 |+0.5| =5 |;=| 255 (Also allow coordinates).
4 1 45 Both position vectors are correct. | 4
(Also allow coordinates).
[3]
13
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Question
Number Scheme Notes Marks
6.(e) | {AX=24B= AB=14X. S0,0B=0A+ AB= OB=0A+1AX|
Way2 2 -3 0.5 — =
— Applies either 04+ 0.54X or 0O4-0.54X
OB=| 18 |+0.5| —-15 |;=| 10.5 h T = —7 | M1,
) . .5 where (their AX )= _[(thelr 0X)- OA}
) _3 35 At least one position vector is correct Al
e ) (Also allow coordinates)
OB=| 18 |-0.5| —-15 |;=| 25.5 -
6 45 Both position vectors are correct Al
3 : (Also allow coordinates)
3]
6 L 4-2 2 2-2 12-2) -3 )
Wa(e)3 B=| 28-51 |-| 18 |=| 10-52 |=| s502-24) | ax=| -1s AX"=243P
y 4+ 2 6 -2+1 ~1(2-2) 3 AB*=27(2- I
2 2 2 2 9 2 189
AX =24AB P AX® =44B° P 243=4(27)(2- )" B (2- 1) :Zm 271 —1O8I+T=O
or 108/° -432/+189=0o0r 4/ -16/+7=0b I=350r /=05
4 -1 05 Full method of solving for [ the equation
N 2 _ 2 e v T
OB=| 28 |+35| =5 [:=| 105 AX® = 4_AB using (their AX) _and AB ML:
4 i 75 and substitutes at least one of their values
' for [/ into [,
4 -1 35 At least one position vector is correct
Py ' (Also allow coordinates) Al
OB=| 28 |+0.5| =5 |;=| 255 -
Both position vectors are correct
4 4.5 ;
1 (Also allow coordinates) Al
Note: AX =248 = AX = +24B. Hence, /=3.50r /=0.5 can be found from solving either [3]
x:-3=x2(2-0or y:-15=+2(10-5Norz:-3=x2(-2+ 1)
6. (e) B L . o
Wayd | 1 3 0.5 Applies either (their (E)+0.5£A
OB= +05] 15 [;=] 105 or (their OX)+1.5X4 | ML;
9 -3 7.5 where (their X4)= OA — (their OX)
-1 3 35 At least one position vector is correct |
OF < +15] 15 |:= 25"5 — (ﬁ_lso aIIo:/v coordinates)t
oth position vectors are correc
9 -3 4.5 (Also allow coordinates) Al
3]
6. (e)
Way5 | -1 2 0.5 | -
0B=05| 3 [+ 18 ||;=]| 105 Applies —[(their 0X)+0AJ M1;
2
9 6 7.5
At least one position vector is correct
2 -3 ;
— 3.5 (Also allow coordinates) Al
OB=| 18 |-0.5| —-15 |;=| 25.5 .
6 4 Both position vectors are correct Al
3 > (Also allow coordinates)
3]
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Question
Number Scheme Notes Marks
6. (€) ‘AX| 3\/—:>K—i:3:>ﬁ 3d,;S0, OB=0A+LAX =04+ 1(3d,)
Way 6 33 2 2
2 -l 0> A4+ 0.5(K jpp(l)lzs;lther
— or
0B=| 18 |+0.5[3] =5 ||;=] 105 0A+0.5(Kd,) or 0A=0.5(Kd,). ML
6 1 75 their ‘ AX’ '
where K = —————
343
. 2 -1 3.5 At least one position vector is correct AL
OB=| 18 [-0.5(3] =5 |[|;=| 255 (Also allow coordinates)
6 1 4.5 Both position vectors are correct AL
(Also allow coordinates)
(3]
Question 6 Notes
6. (a) Note | M1 can be implied by at least two correct follow through coordinates from their /or from their m
(b) Note | Evaluating the dot product (i.e. (-1)(3) + (-5)(0) + (1)(-4)) is not required
for the M1, dM1 marks.
Note | For M1dM1: Allow one slip in writing down their direction vectors, d, and d,
Note | Allow M1 dM1 for
(1) ([ 3)
(Ve 57+ @7 @ + @7+ (47 Jeosg= ¢ | -5 |-| o
1 -4
Note | g=1.297995...°, (without evidence of awrt 74.37) is AO
6. (b) Alternative Method: Vector Cross Product
Way 2 | Only apply this scheme if it is clear that a vector cross product method is being applied.
(1) ([ 3) o Realisation that the vector
- i j Kk . .
o cross product is required
d xd,=| -5 |x 0 = -1 -5 1|=20i-j+15k betweend, and d, M1
1 -4 3 0 -4 or a multiple of d,and d,
Applies the vector product
2 2 2
sing = ‘/(20) (=D + (A5 formula betweend, and d, | gm1
Y17+ (-5 + (1 (37 + (0)F + (-4 or a multiple of d,and d,
\626 .
sing = \/7 \/7 P g =74.36964117... = 74.37 (2 dp) awrt 74.37 seen in (b) only | Al
(3]
6. (c) M1 | Finds the difference between their O.X and OA4and applies Pythagoras to the result to find AX or XA
OR applies [(their /, found in (a)) - 2N(-1)2+ (=5)%+ (1)2
Note | For M1: Allow one slip in writing down their OX and 04
[ 3)
Note | Allow M1AL for leading to AX = /(3)2 + (15)° + (3)? = /243 = 94/3
3
(e) Note | Imply M1 for no working leading to any two components of one of the OB which are correct.

MSB - Page 9
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Question Scheme Notes Marks
Number

6@ | "oV their|TX| their|ﬂ|
) n n . " = { 90—9 or AY = - ’
Way2 | —y, = (90 - "74.36964..") A an( ) tan(90 — §)" | M1
where @ is the acute or obtuse angle between |, and |,
YA =55.71758... =55.7 (1 dp) anything that rounds to 55.7 | Al
[2]
their AX
6. (d) Y4 _ "94/3" .YA = — ‘ ‘ o.e., where @isthe | p1q
Way 3 | §in("74.36964..") _ sin(90 - "74.36964..") sing - sin(90—6)
acute or obtuse angle between |, and I,
= 9x/§sm(74.36964,._) = 55.71758... = 55.7 (1dp) anything that rounds to 55.7 | Al
sin(15.63036...)
[2]
(1) 5 3 5+3u
6. (d) - - O = _
Way 4 d = 5|, oY= 3 |+u|l 0 |= 3
1 1 —4 1-4pu
2 S5+3u -3-3u
Yd=| 18 |-| 3 |= 15
6 1-4u 5+4u
—3-3u ~1 (Allow a sign slip in copying d,)
Yded =0 = 15 |of =5 =0
5+4u 1 — — M1
Applies Y4ed =0 or AYed =0
b 3+3m-75+5+4m=0 P m:677 or YAe(Kd,)=0 or AYe(Kd,) =0
to find /7 and applies Pythagoras to find a
( 67 \2 2 [ 67 \2 numerical expression for AY? or for the
2
V' = -3- 4% ) (s x5 (] ) distance AY
222\’ 303)°
2
So, YA = [-—) +(15) +(—]
7 7
=55.71758... =55.7 (1 dp) anything that rounds to 55.7 | Al
261, — 222, 303 [2

o7 236

Note: OY
7

i+3j—7k, AY=—71+15j+7k

MSB - Page 10
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8. With respect to a fixed origin O, the line /| is given by the equation

8 -5
r=| 1|[+pu|l 4
-3 3

where u is a scalar parameter.
The point 4 lies on /, where u = 1
(a) Find the coordinates of 4.

1

The point P has position vector | 5
2

The line /, passes through the point P and is parallel to the line /,

(b) Write down a vector equation for the line /,

(¢) Find the exact value of the distance AP.
Give your answer in the form k~/2, where k is a constant to be determined.

The acute angle between AP and [, is 6.
(d) Find the value of cos®

A point E lies on the line /,

Given that AP = PE,

(e) find the area of triangle APE,

(f) find the coordinates of the two possible positions of E.

0))

2

2

©)

2

(©))

Leave )
blank

28
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Question Scheme Notes Marks
Number

8 -5 s . |
8. Lir=| 1l+u| 4| soq,-| 4. OA occurswhen u=1. op=| 5
-3 3 3
(@) A(3,5,0) \ (3,5,0) | B1
[1]
a+Ador a+ud,a+td,a=0,d=0
1 =5 with either a = i + 5j + 2k or d = —5i + 4j + 3k, | M1
(b) lxjr=15+4| 4 or a multiple of —5i + 4j + 3k
2 3
Correct vector equation usingr = or | = or |2 = | Al
d, is the direction vector of |2 Do not allow |2 .or |2 — or |1 = for the A1 mark. [2]
3 -2
(©) AP=0P-04=| 5 |-| 5 |=| ©
2 0
Full method for finding AP | M1
AP =./(-2)* + (0)* + (2)* =8 =2+/2
JE27 + (0 + (2 =B =242 22 | AL
[2]
_7 () _92\ (-5 Realisz?\tion that the do&roduﬂis
@ |soap=| o |and 4 _| . |=| ol 4 required between (4P or PA) | 1y
2
3 2 3 and £Kd, or +Kd,
dependent on the
—2 -3 previous M mark.
t 0 |of 4 Applies dot product formula
P 3 between their (4P or 74) and | 9M1
feosoo) AP0 (4P or PA)
[4P|Ja| =20 +(0) + (27 =57 + (@) + () +Kd, or £Kd,
+(10+0+6) 4
{COS 9} _£(10+0+6) _4 {cose}=ior 0.80r > or 18 | At cso
V850 _5 5 10 20
[3]
() | {Area APE=} %(theirzﬁ)zsina %(their 242)%sing or %(their 24/2)?sin(their 0) | M1
=24 2.4 or 12 or 24 orawrt 2.40 | Al
5 10
— 2
() PE =(-5A)i + (4A)j+ (3A)k and PE = their 232 from part (c)
{PE2 :} (=52)% + (42)2 + (34)? = (their 24/2)? This mark can be implied. | M1
{:5012:8:/12:13} 1=x2 Either 1 =2 ori= -2 | A1
25 5 5 5
1 ) -5 dependent on the previous M mark
lL:r=|5|+ : 4 Substitutes at least one | dM1
2 3 of their values of Aintol,.
3 1 At least one set of coordinates are Al
. 17 : . 13 -1 correct.
{oE}=| = |or| 34 | {oE}=| = |or| 66
3 0.8 3 3.2
% ? Both sets of coordinates are correct. | Al
[5]
15
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Question 8 Notes

3 3
8. (a) B1 Allow A(3,5,0) or 3i+5j or 3i +5j+ Ok or | 5| or benefit of the doubt 5
0 0
(b) Al Correct vector equation using = or | = or |2 = or Line2=
1 -5 (1) -5
i.e. Writing r=|5|+4| 4| or r=| 5 |+A4d, where disamultiple of | 4
2 3 2 3
Note | Allow the use of parameters £¢ or tinstead of A .
(c) M1 | Finds the difference between OP and their ©.4 and applies Pythagoras to the result to find AP
(2
Note | Allow M1ALfor | o | leadingto AP =4/(2)? + (0)% + (2)? =8 = 2v2.
2
(d) Note | For both the M1 and dM1 marks 42 (or PA) must be the vector used in part (c) or the difference
OP and their O4 from part (a).
Note | Applying the dot product formula correctly without cosé as the subject is fine for M1dM1
Note Evaluating the dot product (i.e. (=2)(-5) + (0)(4) + (2)(3)) is not required for M1 and dM1 marks.
Note | In part (d) allow one slip in writing .42 and d,
-10+0-6 4.
Note 0s 0 = \/— \/— followed by cos @ = : is fine for Al cso
(2 ( —10)
0 |e 8
Note ) L ) 5
Give M1dM1A1 for {cos 0=} = _20+12_4
J8.10V2 49 5
Note | Allow final Al (ignore subsequent working) for cosé& = 0.8 followed by 36.869..°

Alternative 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 i j ok cross product is required
— between thei
APxd,=| 0 x| 4 |={l -2 0 2|=-8i-4j-8k _DeWEERR T\
(4P or P4) and
3 -5 4 3
+Kd, or £Kd,
Applies the vector product
- \/( 8)° +(-4)*+(-8)* formula between their
sing = - - - - am1
V27 + 0+ (@ 57 + (47 +@ (4P or 7i) and £Kd, or £Kd,
3 4 4 8 16
sin 0 = =g = C0sf=_ cosd=—or08or —or— | Al
f J_ 5 5 5 10 20
©) Note | Allow M1:Al for 5(2\/5)2 $in(36.869..") or E(2\/5)2 sin(180° — 36.869..."); = awrt 2.40
Note | Candidates must use their § from part (d) or apply a correct method of finding

their sin@ = g from their cosé?:g
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Question 8 Notes Continued
8. (f) Note Allow the first M1A1 for deducing 1 = % or A= —% from no incorrect working
SC Allow special case 1* M1 for 1 = 2.5 from comparing lengths or from no working
Note | Give 1 M1 for /(=54)° + (44)° + (34)° = (their 2v2)
Note Give 1% MO for (—=54)% + (44)* + (34)* = (their 2\/5) or equivalent
Note Give 1 M1 for ; — _teir AP="2V2" o 1s oy for 4= 22
JE5) + (4 + (3 5/2
-5 -5
Note So fl, = ﬁ 431 = "vector" = % 4 |is M1Al
Note The 2" dM1 in part (f) can be implied for at least 2 (out of 6) correct x, y, z ordinates from their
values of A.
Note Giving their “coordinates” as a column vector or position vector is fine for the final ALAL.
CAREFUL | Putting |, equal to A gives
(1) [-s) (3] A=t ) Give MO dMO for finding and
S| +4 =| S|~ A=0 using A4 = 2 from this incorrect method.
2 0 A=-2 5
CAREFUL | Putting Ad, = AP gives
(5] [ 2] [ 2= o ) Give M0 dMO for finding and
A4 =1 0o 4=0 using A = _ 2 from this incorrect method.
3 -2 A=-12 S
General You can follow through the part (c) answer of their AP = 2\/5
for (d) M1dM1, (e) M1, (f) M1dM1
General You can follow through their d, in part (b) for (d) M1dM1, (f) M1dML1.
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4. With respect to a fixed origin O, the lines /| and /, are given by the equations

5 0 8 3
lixr=|=3|+4| 1|, Lir=| 5|+ul 4
p -3 -2 -5

where 4 and u are scalar parameters and p is a constant.

The lines /, and [, intersect at the point 4.

(a) Find the coordinates of 4.

(b) Find the value of the constant p.

places.

The point B lies on /, where p = 1

3 significant figures.

2

(€)

(c) Find the acute angle between /| and /,, giving your answer in degrees to 2 decimal

©))

(d) Find the shortest distance from the point B to the line /,, giving your answer to

©))

Leave )
blank

12
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Question
Number

Scheme

Marks

@)

(b)

(©

(d)

5 0 8 3
l:ir=|-3|+4| 1|, L:r=| 5|+ u| 4| Let# =acuteanglebetween |, and I,.
p -3 -2 -5

so.{od}=| 5 |-1 4 |=]1 5i+j+3k or 1] or (5,1,3)

5 -3 2=5 0y o] 3 Bed o ag e TS S
K:p-3i-=-2-54-  Equatesk components, substitutes their 4 and their
D—3(4)=—2—5(-1) = p=15 u and solves to give p = ...-or
— equates k components to give

their " p— 34 =the k value of A found in part (a)”,

or k: p-34=3= substitutes their A and solves to give p = ...
p-34)=3=p=15 T p=15

3 0 3 Realisation that the dot product is
d=| 1|, d,=| 4| =| 1l|e| 4 required between
-3 -5 -3/ | =5 +Ad,and +Bd,.

( 0(3) + (1)(4) + (-3)(-5) 3 An attempt to apply the dot

cosf =+ KL\/ - - - \/ - > ZJ product formula between + Ad,
(0)°+ () +(=3)° /(3 +(4) +(-5) and +8d..

|48 = /6" +8 + (-10y {le\/E}
d " Writes down a correct trigonometric equation involving
10+/2 =sing the shortest distance, d. Eg:

=siné@, oe.

M1

M1

17
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4.(b) | Alternative method for part (b)
3xj: —9+31=15+12u 0-9=13+7u Eliminates A to_wrl_te down an M1
k: p—31=-2+5u equation inp and
Substitutes their 4 and solves to give ML
p-9=13+7(-1) = p=15 p=..
p=15 | Al
4.(d) | Alternative Methods for part (d) Let X be the foot of the perpendicular from B onto I,
0 5 0 5
d=| 1|, OX=| -3 [+4] 1 |=| -3+4
-3 15 -3 15-34
5 11 -6
BX=| =3+ |-| 9 |=| -12+A4
15-34 -7 22 -3
Method 1
_6 0 (Allow a sign slip in
e copying d
BXed =0 = —12+ A |e 1 |==12+A-66+9A=0 — Pying d,)
22 _32 3 Applies BXed =0 and
solves the resulting | M1
leading to 104 — 78 =0 = A = 39 equation to find
5 a value for 4.
Substitutes their value of
-6 -6 i -
. A into their BX.
BX = —-12 +£ = - . .| dM1
5 5 Note: This mark is
39 7 dependent upon the
22 -3 5 73 previous M1 mark .

2 21 2 7 2 746
d=BX =,/(-6) + = + 5 = 7.456540753... awrt 7. Al
Method 2

— 2 —|2
Let B=|BY| = 36+ 14— 242+ A7 + 484~ 1324 + 94’ Finds B = ‘BX‘ in terms of A,
2
= 104" ~ 1564 + 664 finds 32 and sets this result | M1
dg 39
So a1 0A-16=0=4=— equal to 0 and finds a value for
A.
[ N S
2 Substitutes their value of A into their ‘BX .
—2 39 39 278
BA| = 10[?) 456[?) 664 =— Note: This mark is dependent upon the M1
.......................................................................................... previousMimark. |
d=BX = % = 7.456540753... awrt 7.46 | A1
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Question 4 Notes
4. (a) M1 | Finds x and substitutes their winto I,

5
Al Point of intersection of 5i +j+ 3k . Allow [1| or (5,1,3).
3
___Note__| You cannot recover the answer for part (a) in part (c) orpart(d). .
(b) M1 Equates j components, substitutes their £ and solves to give 1 = ...

M1 Equates k components, substitutes their A and their # and solves to give p =...
or equates k components to give their " p— 34 =the k value of A” found in part (b).

(©) NOTE | Part (c) appears as M1A1A1 on ePEN, but now is marked as M1M1A1.
M1 Realisation that the dot product is required between +Ad,and +Bd, .

Note | Allow one slip in candidates copying down their direction vectors, d, and d,.

dM1 | dependent on the FIRST method mark being awarded.
An attempt to apply the dot product formula between + Ad and +Bd, .

Note 0 =0.5553...° is AO.
( 0—16-60 Y 7
N M1A1 f 0 = _
ot O N TN R TN A =l RN TN =7

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

(o) [ 8] bk Realisation that the vector
dyxd,=| 1 |x| 4| =4/0 1 -3|=7i-9j-3k, | crossproductisrequired M1
-3 -5 3 4 -5 between +Ad,and +Bd,.
sin g - J(7)+ (-9)*+(3)° An attempt to apply the dm1
\/(0)2+(1)2+(_3)2 .\/(3)2+(4)2+(—5)2 vector cross product formula | {exd
sing = V139 = 6 =231.8203116...= 31.82 (2 dp) anything that rounds to 31.82 | Al
V10.4/50

(d) M1 | Full method for finding B and for finding the magnitude of AB or the magnitude of BA.

dM1 | dependent on the first method mark being awarded.
Writes down correct trigonometric equation involving the shortest distance, d.

Eg: _d =sing or -
their AB their AB

and @ ="their@" or stated as @

=c0s(90 - 0), o.e., where “ their AB” is a value.

Al | anything that rounds to 7.46

19
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Leave )
blank

6. With respect to a fixed origin, the point 4 with position vector i + 2j + 3k lies on the
line /, with equation

1 0
r=|2|+A| 2|, where/is ascalar parameter,
3 -1

and the point B with position vector 4i + pj + 3Kk, where p is a constant, lies on the line /,
with equation

7 3
r=|0|+u|l-5|  where uis a scalar parameter.
7 4

(a) Find the value of the constant p.

Oy

(b) Show that /, and /, intersect and find the position vector of their point of

intersection, C.

C))

(c) Find the size of the angle ACB, giving your answer in degrees to 3 significant figures.
3

(d) Find the area of the triangle ABC, giving your answer to 3 significant figures.
2

& /

16
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Question
Number Scheme Marks
1 0 7 3 1 4 A ligson |, and
6. L:r=12|+4] 2|, L:r=|0|+u/-5| OA=|2|,0B=|p
-1 7 4 3 3 B lieson |,
@ {Bliesonl, > u=-1 =} p=5 p=5|B1
[1]
i: 1=7+3u
(b) {L=1, =} 4j: 2+22= -5u
k: 3-4 =7+4u
eg. it 7+3u=1 Writes down an equation involving M1
only one parameter.
So, u=-2 u=-2|Al
Point of intersection is OC = i +10j — k i+10j-k | B1
Finds A =4 and either
e checks A =4and x =-2 istrue for the third component. B1
e substitutes x=-2 into |, to give i +10j -k
and substitutes 4 =4 into 1, to give i +10j -k
[4]
(b) Alternative Method: Solving j and k simultaneously gives
8=14+3u OfF 23+31=35 Writes down an equation involving M1
only one parameter.
So, u=-2ori=4 Either u=-2or1=4 | Al
Point of intersection is OC = i +10j — k i+10j—k | B1
Finds A =4 and either
e checks u =-2 istrue for the i component. B1
e substitutes 4 =-2 into |, togive i +10j —k
and substitutes 4 =4 into I, to give i +10j — Kk
[4]
1 1 0 1 4 _3 An attempt to fm botrﬂle
¢ |AC=|10|-|2|=| 8| and BC=[10|-|5|=| 5 vectors(AC or CA) |y
-1 3) (-4 -1) (3 —4 and(ﬁ or ﬁ)
0) (-3 Applies dot product
+ glel 5 formula between
C0s ACB= ——— = and their
‘AC ‘ BC‘ \/(0)2+(8)2 +(-4)° .\/(—3)2 +(5)% + (—4)? T
(BC or CB).
~0+40+16 56 B B Anything that
{cos ACB = 760 750 Y2000 :} ACB = 27.69446... = 27.7 (3 sf) rounds to 27 7 Al
[3]
1 . . See notes | M1
Area ACB= = 27.69446... =14. .
@ rea AC 2(@)(@)5”1 69446 696888 Anything that rounds to 14.7 | Al
[2]
10
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Question 6: Alternative Methods for Part (c)
6. (c) | Alternative Method 1: Using the direction vectors of Line 1 and Line 2
0 3
d=( 2| d,=|-5
-1 4
0 3
2 le| _5 Applies dot product
1 4 formula between | M2
cosg= % _ _ their d, and d,
di[dz | (07 + (27 + (-1)? (3) + (-5)" + (@)’
cosg =204 _ ~7410 = 6 =152.3054385...
J5./50 25
Angle ACB =180 —152.3054385... = 27.69446145... = 27.7 (3 sf) Anything that rounds to 27.7 | Al
[3]
Alternative Method 2: The Cosine Rule
1 1 0 1 4 _3 An attempt to fi_ng botrLthe
AC=|101-12/=| 8|l andBC=l101-I5|=| 5 vectors(AC orCA) M1
-1 3) (-4 -1) (3 —4 and(ﬁ or @)
4 1 3
Also AB=|5|-|2|=|3
3 3 0
Note‘K@‘ = /80, ‘gﬁ‘ - /50 and ‘Kﬁ‘ =18
2 z 2 Applies the cosine rule
(\/ﬁ) a (\/%) * (@) 2(@)(@)0056 the correct way round. M1 ce
710
{cos@ = 2—\/5_ } = 0 =27.69446145... = 27.7 (3 sf) Anything that rounds to 27.7 | Al
[3]
Alternative Method 3: Vector Cross Product
Only apply this scheme if it is clear that a candidate is applying a vector cross product method.
1 1 0 1 4 _3 An attempt to fm both_the
A_C -l10l=12|= 8| and gj -110(=/5]| = 5 VeCtorS(AC or CA) M1
-1) (3] (-4 -1) (3) |-4 and(BC or CB).
0) (-3 ij ok Full method for applying the
ACxBC =| 8|x| 5| =<| 0 8 -4 = 24i +12j+ 24k vector cross product formula
—4) | -4 35 —4 _ between
\/ - - - their (AC or CA)
. 24+ (12)°+(12)
sin ACB = ir (RC CR
\/(0)2+(8)2+(—4)2 .\/(_3)2 T G) + (<4) and their (BC or CB).
. J864 3415
sin ACB = = =0 = 27.69446145... = 27.7 (3 sf Anything that rounds to 27.7 | Al
{ 050 | 25 (3sf) Anything
[3]
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Question 6 Notes

6. (a) BL | p=5 (Ignore working.)
(b) Method 1
M1 | Writes down an equation involving only one parameter.
This equation will usually be 7 +3x =1 which is found from equating the i components of |, and I,.
Al Finds u=-2
1
B1 Point of intersection of i +10j — k. Allow (1,10, -1) or | 10 |.
-1
B1 Finds A =4 and either
e checks 1 =4and x =-2 istrue for the third component.
e substitutes ¢ =—2 into |, to give i +10j — k and substitutes 1 =4 into |, to give
i +10j—k
(b) Alternative Method
M1 | Writes down an equation involving only one parameter.
Solving the j and k components simultaneously will usually give either 8 =14 + 3z or 23+ 31 =35
Al Finds either y=-2 or 1 =4
1
B1 Point of intersection of i +10j — k. Allow (1,10, -1) or | 10 |.
-1
Finds A =4 and either
e checks u =-2 istrue for the i component.
Bl e substitutes ¢ =-2 into |, to give i +10j —k
and substitutes 4 =4 into |, to give i +10j — k
(c) M1 | An attempt to find both the vectors(ﬁ or ﬁ) and(ﬁ or @) by subtracting.
M1 | Applies dot product formula between their (E or ﬁ\) and their (ﬁ or @)
Al anything that rounds to 27.7
Note | An answer of 0.48336... in radians without the correct answer in degrees is AOQ.
Note | Some candidates will apply the dot product formula between vectors which are the wrong way
round and achieve 152.3054385...". If they give the acute equivalent of awrt 27.7 then award Al.
(d) M1 %(their length AC)(their length BC )sin(their 27.7" from part (c))
Al anything that rounds to 14.7. Also allow 6/6.
Note | Area ACB= %(@)(@)sin(152.3o54385...°) = awrt 14.7 is M1AL.
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