Question

Number Scheme Notes Marks
2(a) (2 3 7( 6 -1 -4} (1 0 0)
. TU=I=|3 2 6| 15 ¢ -9/=|0 1 0
Way 1 ' '
\a 4 )l -8 a 5) 10 0 1
TU=1 ba+60-8h=0 2+3c+T7a=0 M1
—>e.g.. or
4a-36+5b=1 3+2c+6a=1
Obtains at least 2 equations with at least one correct.
(condone column X row multiplication leading to the way 2 equations — see below).
Ignore errors in unused elements or equations.
6a —8b =60 Ta+3c=2
e.g.. —a=..b=. or —=a=....c=..
4a+5b =37 ba+2c=4 dM1
Obtains values for two of a. b and . You do not need to check their values. As long
as the previous M mark was scored. it is sufficient to just write down values.
Al: Two correct values
a=2 b=9 c=-4 Al: All three correct values and no extra | A1 Al
values unless they are rejected.
4
(6 -1 —4)2 3 7, [1 0 0)
Way 2 UT=I=| 15 ¢ 93 2 6 =01 0
1T=1 x_g a 5,.._17 4 b' 0 0 1_.|
12-3-4a=1
P, first —eg, 42-6-4b=0 ME
2 marks
[45+2c-36=1]
Obtains at least 2 equations with at least one correct.
(condone column X row multiplication leading to the way 1 equations — see above).
Ignore errors in unused elements or equations.
eg. 4da=-8 —4b=-36 [2e= -8]
=a=...byg dM1
Obtains values for two of a. b and ¢. You do not need to check their values. As long g
as the previous M mark was scored. it is sufficient to just write down values.
[ 2b-24 -3b+28 4} (6 -1 -4
Way 3 -1 .- 1
‘ T'=U=——| 6a—-3b -Ta+2b 9 =15 ¢ -9
4a—-5b+ 36/ | - |
Inverses \-2a+12 3a-8 -5) 1\-8 a 5)
4 4 2b-24 [ —Ja+2b cl
. o —=c.Z. = —4. = _ =
For first =" 4a—5b+36 4a—5b+36 | 4a—5b+36 |
mark 1 - -
For T™' = Flab M where M has at least 1 correct element and obtains 2 equations.
d,
Note that there is no requirement to find all the elements of M.
. -DR . M1
(Q9a+5¢ —da+5 4e+9 ) (2 3 T
1
U'=T=———| -3 -2 -6 |=/3 2 6|
—6a—2c+3 S '
\15a+8c —-6a+8 6ec+15) la 4 b)
-3 9 | 6c+15 1
o _3 -4c‘+ 7 -60 1 _p
= —6a-2c+3  —6a-2c+3 | —6a-2¢+3 |
For U = (@) M where M has at least 1 correct element and obtains 2 equations
a.c

Note that there is no requirement to find all the elements of M.




2(0)

3y
A4
L

1)) [ 3))
0|:><|—4
=2 1)

[ 1) (
x_lzizz—l:}[f]:rz] 0
_4 |

or | r— =0

|

Obtains parametric/vector form (allow one slip only) or clearly identifies position and

direction vectors. May be implied by an attempt to transform both.

M1

(6 -1 —4)(1+34) [ 6+184+44i+8-44 )

| 15 -4 -9 I —4.4 I=I15+45/'_;16/'_—18—9/'_:

|\ -8 2 s5)-—2+4) | -8-244-81-10+54
or

1 3 1)

their U = their | 0 —4| or xtheir | 0| and xtheir

-2 1/ | -2}

F 3
4
1)

or
1) [ 4) (32 (14
0| and U xe.g. | —4 | then dir=| 85 - 33

\~2) (1) ~45) (-18)

Complete and correct method with their b and ¢ for their U X their parametric form or
U X both vectors or U X 2 points on the line and attempts direction.

Must be an attempt to mutliply correctly i.e. clearly not rowxrow but allow attempts
that use T for U using their a and b provided all elements are constants and it is a
“changed” T
OR
(2 3 7 \x) (1+34) 2x+3y+7z=1+34

Il
| . /
' 3 2 6 Ny |= 44 = 3x+2y+6z=-44
| ] |
(2" 4 "o"flz) | 2+4) 2x+4y+9z=-2+4
x=184+14
= y=3524+33
z=-18-274
A complete method using their parametric form and their T to produce and solve 3
simultaneous equations to find x. y and z in terms of A

Alternatively solves Tx=("i—2k") and Tx=("3i—4k+k") to find position and

their U »their

direction

M1

144182 dM1: Correctly converts their result into
| Cartesian equation.
[l :r=]| 33+52/ i ,
T [ 27774 Requires previous method mark
[-18-274 Al: Correct Cartesian equation - allow
L _ B equivalents e.g.,
:>.'\_].4::1 _33:_+18 _:—(—18) _—:.'—18
18 52 —27 T 7 YT 9+

T -

dM1 Al

“4)

Total 8§




2(b) Alternative

4 4 1.7
X=t=y=———t, z=—Ff——
3 3 3 3

M1: Obtains parametric form (allow one slip only)

[ Y (. 4 4 4 28)
fo 6f ——+—f——f+—
6 -1 —4) 3 3(g 3
15 —a —o||2_ 3, 151,15, 500
e o 5|3 3 303
h 1 71 8§ 8 5 35
Zt—— .} S R S
w3 3 4 3 3 3 5 )
M1: As above
© 846 )
47 52
[r= +—1
hers] o2
—-9-9¢
47
v—_—
x—8 - z+9
— = ‘3 =
6 52 -9
3

dM1Al: As above




Question

Number Scheme Notes Marks
8(a) 1 3 —-10+6
n=|-5|x| -2 [=|-(2-9) Attempt vector product between Ml
normal vectors
3 2 -2+15
—4
=l 7 Correct vector Al
13
x=0=>-Sy+3z=11, —-2y+2z=
1 13
= Y= 47 4 Correct strategy to find a pointon/ | M1
or
y=0=>x+3z=11, 3x+2z=
1 26
> Xx=——,z=—
7 7
or Correct position vector of pointon/ | Al
z=0=>x-5y=11,3x—-2y=7
=>x=1lLy=-2
Correct equation.
r= i—2j+/1(—4i+7j+13k) (follow through their position and Alft
direction vectors but must be “r =)
3
ALT x=114+5y-3z
3x=-2y+2z=7=3(11+5y-3z)-2y+2z=
7z 26 13y+26
Syt S 13y+26 M1
13 13 7
Eliminate one variable
C11as[ 226,75 13- Obtain 2 correct expressions for one | , |
13 13 of the variables
x=1_y+2 M1 Obtain a Cartesian equation for /
_4 1 MIAI
13 13 A1 Correct equation
4 . Deduce a vector equation for /
r=(i—2j)+&(—ﬁi+ﬁj+ k} oe Follow through their Cartesian Alft

equation

6]




(b) 2 1
—-{0|=] 2 Correct vector joining P to Q Bl
3 -2
4 1 —40 Attempt vector product between the M1
7 ) 5 direction of / and their i + 2j — 2k
% =
131 122 ~15 Correct vector Al
_ |[-40i +5j— 15Kk _
sind = ‘—4i Vi l3k||i N 2j—2k‘ Angle between PQ and line n
d= ‘@|Sin 0
-40i+5j-15k| 1 TR
= = +o7+ Fully correct method for the distance | M1
H4i+7j+13k| 234
Cao Allow equivalent exact forms
g8l oo q- VT Al
39 =
)
ALT 1 4 4
’ ’ 1 \' ion for either li
—lol+al 1 —12 1 §Ctor c.qua.tlon. or either line
i 3 N 3 ot | TH 3 with their direction vector from (a) Blft
= =
4 4 - -
3——u —1+—pu Uses either P and the parametric
. 2 . 7 . 7 form of a point on n
OP=|0| ON=| 2+u |[NP=| -2—-pu OR Q and the parametric form of a
3 13 5 13 point on m
1+— -—
7 H 7 H
| 4 4
-t ?u 7 M1: Forms scalar product of vector
9_ 1 =0 NP and direction vector of / and
¢ equates to zero MIAI
0 _E# 13 Al: Correct vectors
7 7
56
D u= 17 Solves MI
g [(_85Y ,(_290Y (10} _sv48l
~94="117) T\T117) T\9 ) T 39 | Obtains the correct distance Al

(S)




Question Scheme Marks
6(a) 2) (3] [0-C19) (14
0 |x| -2 |=|—(6-21) |:=| 15 N
Al
7 3 —4-0 —4
(2)
() 1) (-1 2
Directionof I'is || 7 |- 5||=%|2 B1
3 2 1
Angle between line and normal to plane is given by
14x2+15x2-4x] 18 M1
cos O = = —
Colile) J437,J9 [ ,p‘43?]
So angle between plane and line is o =90°- 8= .. M1
= 59° Al
“4)
© 14 -1)(14
. : M1
Equation of plane is r.| 15 |= 501 15]=53 =
4 2| -4
_ : C [14x1415x7—4%3-53]
So perpendicular distance is M1
437
54
= Al
437
4

(10 marks)




Question

g Scheme Notes Marks
Number
9 May use i, j, kK notation
() (3) { 1) [2 Calculates the vector product of two
n=|0|x -2 = -5 |t vectors in [/, M1
(1)L 2) —6 /] (two components correct)
Calculates the scalar product of a point
(8 [ 9) in the plane and their normal. Not
e dependent but must follow an attempt at
'l 3 g =5 |= 151 a vector product which could be poor. M1
(ol -6 ¢.g.. 3i +2K. Value must be correct if
o there is no indication of a correct
method to evaluate the scalar product.
f b . .
- 3 Z Any correct Cartesian equation. e.g.,
r..-5(=|3|.|-5|=22x-5yv-6z=-5 —2x+5y+6z=35 Al
| | -
5! loll-gl 2x-S5y—6z+5=0
)
Alt X goads+t Forms simultaneous equations in x. v, z,
S y=3-12t = &g, V+I=3+5 s and t and obtains an equation that M1
>im =842t eliminates at least one of s and ¢
eqns —
M1: Proceeds to an equation in x, y and
x=5+3(y+z-3)+3z-L(y+z-3) = only M1
x=3y+3z-3 Al: Any correct equation with terms Al
collected

3)




t1 -
Q_l e & Scheme Notes Marks
Number
9(b) 2x—5y—6z=-5, Sx—2y+3z=1 Uses both pla_ne_equahons to eliminate one
1250 3 variable. May see M1
Wav 1 = GE, leX—TFy=- 21y +36z=27. 21x+27z=15
3y-1 4x+1
eg. dA-3y=-12x== = y= :
5(3y-1) 4-15y+5+8y 97y 12z-9
3zg=]-——— "4 ¥y=— = - 7= - } =
4 4+ 12 —7
Expresses one variable in terms of the other two (single underlining) or expresses two
variables in terms of the other one (double underlining). This work may be seen by setting a M1
variable equal to a parameter to find the other variables in terms of the parameter (or the @
parameter in terms of the other two variables) e g,
i ) L —-1+34 : 9-74)
y=A, x=f(4), z=g(i) =x= Ly=4, z= v
’ L 4 ’ 12 ]
- o o dx+l . 12z-9]
yv=4, A=fix), A=glz) = i= L. v=A, A= -
| 3 -7 ]
See examples below. Requires previous M mark.
ddM1: Correct method to form RHS of
vector equation. Allow slips but must not
be a clearly incorrect method (e g, pomnt
and direction confused, all non-zero point
coordinates the wrong sign, no attempt seen
.2 : or implied to obtain single coefficients for
Ax+1_ = 12: -9 _x+3 _y-0_z-7% the variables in the numerator where
3 . -7 2 1 -Z necessary). Allow this mark 1f the point 1s
—1+434 _ 9_17j _ later 1changs-&*d. by multiplication e g 1
n o = ] = T = ;
ore.g.x 1 y =4 B (—4- 0. 7) becomes (-1, 0, 3) Al
(-1 2 -1 N Condone missing r =__.
—r= 0|+4| 1|oregr=| 0[+i 12 Allow this mark if (r—a)=b(=0)or
i_ 3 -% S -7 r=h =axh are appropriately used.
Requires both previous M marks.
Al: Any correct equation (with any
parameter). Do not condonee g /= ..
Do not 1sw if the point 1s changed by
multiplication.
. (0) 1) )
3y-1 5-92  x—0 y-1 z-3 . 4i+1  5-74 ol
= = = =——orx=4. ¥v= .= =r=|3 |+4A 3
4 7 1 -1 3 9 : :
3) -3
examples . .
5-7x 9-Ty x—i y-f oo 5-91  12:-9 ; ol o
= = —= — = orx = L y= z=A=r= = |+4 —%
9 12 sz 7 -7 o 1-




9(b)

Way 2

Work may be minimal if they obtain a correct point.
But do not accept just sight of an incorrect point without some evidence of an
appropriate method to obtain it.

Finds
point

2X—2oy—6z=-3, Sx—2y+3z=1 Assigns a value to one variable to obtain
Lety=0=2x—-6z=-5 5x+3z=1 two equations in the other variables or
or = e.g, 12x—9y=-3 eliminates one variable as in Way 1.

M1

and
takes
vector
product
of
normals

Solves or assigns a value to one variable to
o ) . g find values for the other variables.
—lx="3=x=—3. y=0,z=4 There is no need to check a point that arises
or (2 from no working provided it is clear that the
previous M mark has been scored.
Requires previous M mark.

=
==
j=x]
=
o
4]
4]
—
=
)=
Lr-1 A
—
| [
e
=

dM1

Note that a point could be obtained via substituting the given form of 1, into 11, and expanding
{M1) and then finding values of 5 and ¢ that satisfy the equation and then finding a powmt (dM1)

Calculates vector product of normals (two
components correct) and forms RHS of vector
equation (allowing for copying slips but must
/_~5=| not confuse point and direction). Allow this
- mark 1f the point is later changed by
—36 multiplication.
21 Condone missing 1 =

Allow this mark if (r—a)xb(=0)or

rxb =axb are appropriately used.
Requires both previous M marks.

_1
4
= 0|+4

=
4

ddM1

Any correct equation in this form (with any
parameter). Do not condonee g /= .
Do not isw if the point is changed by

-12] multiplication.
7 Correct points will have the form

(3a-1 9-Ta
(&

T

+4

L= B
+
o
|
L
o

=r=

A5
I
N [

Al

4)

Way 3

2 points

Finding 2 pownts on the line and subtract for direction e.g., Finds ( —%, 0, %) (M1dM1 as Way 2)
Then finds (0. 5. 3) = direction = (1. ., — 5z ) = forms RHS of vector equation (ddM1)

Then Al for a correct equation

)

Correct points/positions include:
-l: II- 1 \.'I Ir

! i
| | —

=
|
da|i—

4N
=
3
7

1) L)

[
= .
O e e
= R R

[¥=] [

o (W8}




Q_l espon Scheme Notes Marks
Number
9(c) Note that use of their line from part (b) must be seen to score any marks in (¢)
Substitutes the parametric form
-+ 9\ (—4+94° of their line (allow slips but
r=| 0l+il 121=| 122 | must not clearly confuse
| 4 s 47 | position and direction) from (b) M1
L 1) ) g4 into /7, and solves for A
4(-5+94)-3(124)-(3-74)=0=>TAi=3=A=% | The “=0" could be implied by a
solution.
=(9(3)-41. 12(1). =T7(L)+3)=...
Substitutes their A into their line and obtains a point/position vector with values for
all coordinates/components. If there 1s no working at least two dM1
coordinates/components should be consistent with their equation or parametric form.
Tsw if the point/position is altered by multiplication.
Requires previous M mark.
Correct point. No others.
. Allow x=.... y=...z=...
(2.3 -1) - . Al
and condone as a position
vector. Do not isw.
3
Total 10
PAPER TOTAL 75
Juestion
(I%:Iumhc:r Scheme Notes Marks
" — 7 - -
T(a) (3. 3.-2). X _y=2_ =z+1
2 -1 4
2i—jHKk 2i+j-k 2 correct vectors lying in H] Bl
M1: Attempt normal vector using 2
i j k| [-3 vectors lying in H]_ If the method is
2 1 4|=]10 unclear, at least 2 components should be | pf1 A1
correct.
2 1 -1 +
Al: Correct normal (any multiple)
e A 3 . . .
Attempt scalar product with a point lying
10 {o] 3 |=-9+30-8=13 in the plane . Dependent on the dM1
4) (=2 previous method mark.
3x=10y—4z=-13* Correct equation Al*
(3)




(b)

a
3) Attempt scalar product between | 1 |and their
- o
1
10 |o| 1 [=14-3aor
4 )1 S (e
- 10 lor | 1 |- (apointinthe plane //,)and | M1
a 3 3
4 I
1 ]—| 3 ||e -10[=3a-1 3
1) (—2)) (4 %
their | 10
4
2 Ja =1 or _
371 10% + 4° Use of correct distance method.
Dependent on the previous method dM1
‘d = ‘ 13 ___la-3a ‘ mark. (Modulus not needed here)
V324107447 3741074 47
Note: g = |3’I_ 1044 |3|cnu]d score the first 2 method marks
| 32410+ 42
1
3 -1 1 g ir dis = — .
—ﬁ =T Set their distance 5 Dependent on ddM1
2 2
both previous method marks
Correct equations (must see + for this
g —1=145 mark but may still score one of the final Al
e A marks if + is missing). May be implied
and allow un-simplified.
4
a=2 - 3 CS0 Al, Al

(6)

Total 11




7 IM:x+ty+z= Iy 2x+3y—z=4
(a) o 7 3 M1: Obtains 2 equations connecting x. y or
Way 1 PEAEYETTYS z with 4
qy_7 MIAI
or A= A Al: Correct equations
M1: Obtains 3 equations connecting x. y or
) 1 - with
z=2——J or A=5-4z 2 with 4 MI1Al
44 Al: Correct equations
x T—-4y 5-4z ) M1: Correct use of cartesian form
2o - (=2) - . . —— MIA1
1 3 1 Al: Correct equation (allow equivalents)
. 7-3x y 3z-2 | 7T-3: |
y=i= r_oX ‘or 1=}'=3z—3|
4 1 1 4 )
S5—-x y+2
Z=A= =2 =— |or =z
4 3
(6)

(a) i j Kk (4 M1: Attempt vector product of normals
‘av 2
(4 1 1 1= 3 MIAL
2 3 1] |1 Al: Correct vector
x=0=y+z=3 3y-z=4
7 s (7 5 M1: Attempt a point on the line
= y=—. z='——}| 0, — —|
4 4 L 4 4 MI1A1
NB y=0 gives x=1.z=1 Al: Correct p(}int
z=0 gives x=5. y=-2 (1. 1. 1) seen frequently
x yv-3 ;—%[ ) M1: Correct use of cartesian form MIAT
A = -y : : L M1
—4 3 1 ATl: Correct equation (allow equivalents)
-1 v-1 z-1 ) Equation seen if (1, 1. 1) used (6)
or == = |= /_‘]
—4 3 1

M1: Eliminates 1 variable

Al: Correct equation

M1: Eliminates 2nd variable

Al: Correct equation

M1: Correct use of cartesian form

Al: Correct equation (allow equivalents)

(b) < an al T 2 )ial5 ., . . .
5(—44 l—4| Z+3/- |+4I —+A =12 Substitutes parametric form of L into /73 M1
. 1 - .
A= ST XS e Y =2l Solves for A and attempts coordinates dM1
2 -'f
(1 3) 1 orrect coordin:
(2,2, 2 orx=2y==z=2or | 1/4 | Correct coordinates Al
747 a) 47 4|




(b) 3(7 )., 1. , i . :
Way 2 S5x—4.—| —-—x ‘-—4-1{3—‘ -x)=12 Substitutes for y and z in terms of x into J73 | M1
x=2=y=.,z=.. Solves for x and attempts other coordinates | dM1
- . ( 2 \.I-
([, 1 3] 1 .
2,—. = |orx=2y=—z="or | 1/4 :
|74 4 ' rrESY=Y N | Correct coordimates Al
3/4)
(<) (=2} [-4) 37 Use scalar product between
; —5|* 3 By 26cosd = their O4 and direction of their L M1
-3 (1)
13 374, Ewvaluate the sealar product and complete
2 1‘?“4 26cosf=0=... to 8= ... (or the supplementary angle) IM1
(Check the product if the vectors are
incorrect)
£ =153.6° cao Al
3)
Total 12




Question

Number Scheme Marks
B(a) ((24+30)i+(1+24)j+(=2+ Dk)(i+ j-2k)=19
=24144430424-24=19> A= Ml
Correct dot product leading to value for A
A=4 Correct 4 Al
(243x"4" 142x"4", =2+"4") | Substituies their . to give coordinates | M1
(14,9 2) Correct coordinates (allow as vector) | Al
4)
(b) AB=2i4+2j-4k=2( i+ j—2k) so is perpendicular to plane Ml
Correct AB and conclusion
Also B lies on the plane as (4i+3j-6k).(i+j-2k)=19 M1
Substitutes B into the plane equation and conclusion
So coordinates of B are (4, 3, -6)* E;::;ﬂ;r?mm with fing Al*
(3)
Alternative
(2+ A)i+(1+A)j+(—2=2)K)(i+j-2k)=19
= 241444144444 =19=2 A= M
Correct dot product leading to value for 1(=2)
{2 +"2° 142" =1-12 ‘-‘"2"} Substitutes their 4 to give coordinates | M1
So coordinates of B are (4, 3, -6)* ?{E::I xj’::cnred g final Al
() OA"=0A+14B or OB+ AB Correct strategy for finding 4’ M1
(2+4, 1+4, -2-8) or (442, 342, -6-4)
(6,5, -10) Correct coordinates Al
(2)
(d) NB require line through their (14, 9, 2) and their (6, 5 -10)
o 14i + 9j + 2k —(6i + 5§ -10Kk)) Correct attempt at the direction Mi
a=8i+4j+ 12k W (8i+4j+ 12K) Al
b=(6i+3j—-10k)=(Bi+4j+ 12k) or (14i+9j+2k)=(Bi+4j+12k)
= (=100i- IS.?j—Iﬁli} M1
Attempt vector product of their 6i +5j= 10k with their 8i+4j+ 12k
Dependent on the previous M1
rx(2i+j+ 3k)=25i-38j-4k | A(rx(2i+j+3k)=25i-38j-4k) | Al
Must be in this form for Allund not just stating a and b
4)

Total 13




7(a)

MI: Attempts vector product of two vectors

0 1 in the plane. Unless there 1s a full clear
3 x| 1]|=8i-2j-3k method they must achieve two correct MI1 Al
> 2 components
Al: i(Si -2j —3k) or multiple
Allow any vector notation throughout this question (2)
(b) [ has direction vector i(Zj + 2k) Correct direction for / Bl
(cosa or sin@ =)
\"(Si— 2j-3k)"."(2j+2k)" \ "(8)(0)+ (=2)(2)+(-3)(2)" \ -10 | —5\/154\
2 2 2 2 2 = 2 2 2 2 2 2 = Or
"B 2 13 22 2| R 27 0P 27 2 VT B | 154 |
M1: For the scalar product of their normal and direction vector divided by the product of
the magnitudes of their vectors. The first expression above oe is sufficient. There must
have been a valid attempt at both vectors. Allow copying errors/slips if intention is clear. M1 Alft
Modulus not required.
Alft: A correct ft numerical expression with scalar product calculated as shown by second
expression or better. Allow a decimal correct to 2st. Modulus not required. Ignore
labelling. Actual decimal 15 0.40291148...
Implied by awrt 24 or 66 or 114 provided some work and nothing incorrect seen.
Allow awrt 0.41, 1.16 or 1.99 if working in radians.
Acute angle between / and P
=90—a=90-66.23968409... awrt 24 from correct work which could be
D minimal. Degrees symbol not required. Al
or @=23.76031591... = 24° = TR SR S,
to the nearest degree
(4)
Note that a vector product could be used:
mi | (8i- ij3k? a (2{+2k) | | e L7 s | [: 22 | 0.9152389511...]
|8 273 22 12| I'B 274322220 77
The modulus of the numerator is required for any marks
(c) M1: Finds a value for the scalar product of
a position vector of a point in the plane or
Way 1 (i +2j+ 3k) _ (" 8i—2j —3k") =-5 the given point and their normal.
. or Al: =5 or 72d(0r 5_ or -716[11 nt(})rmal isinthe | v A
aralle (6i _3j- 6k)_("8i 25 3k") -7 opposite direction). May be seen as a
planes : -5
distance e.g.,
’IF‘?’? "
dM1: Having attempted both scalar
products, obtains a numerical expression
Shortest distance 1s for the distance.
_5_ i!lslfi” ’?2”
5—?2 :1 or 77 Award for = = = dM1 Al
,f?? ,H'T? n8n_+n2n_+n3n_
Dependent on previous M mark.
Al: Correct exact distance. Isw
4)




Question

Number Scheme Notes Marks
6(a) -2 1 (3
4B=| 1| Ac=|-1 _. BC=| _2 Two correct vectors 1n II Bl
) ; 5 Can be negatives of those shown
. \ M1: Attemipt cross product of two
i j Kk (4 vectors lying in I7 (At least one no. to
2 1 1l=|7 be correct.) M1A1
I -13 1 A1l: Correct normal vector
D (1 _ |
7lel 2 |2 4+1453 Attempt scalar product with theur dM1
normal and a point m the plane
1) 13
4x+Ty+z=21 Cao (oe) Al
(a) Alternative
a+2b+3c=d
—a+3b+4c=d Correct equations B1
2a+b+oc=d
4 1 1 - Solve for ¥ -
a0 -1 c-24 MI1: Solve for a._b.andfmtenm of d MI1AL
21 3 21 A1l: Correct equations
d=21=a=.., b=, c=.. Obtains values for a. b, c and d M1
4x+T7y+z=21 Cao (oe) Al
(5
Alternative: Using r =a+sb+7fc where b and ¢ are vectors in /7
Two correct vectors in the plane See main scheme Bl
) (1) (=) (1
Egf=|y|=|2|+s| 1 |+1] 1 M1
N, : A N, 3 ., 1 3 &
x=1-2s5+t
y=2+s5-1 Deduce 3 correct equations Al
z=3+s5+3t
4x+Ty+z=121 M1: Elimunate s, f
Al:Cao MIAL
Alternative: Using r =a+sb+fc where b and ¢ are vectors in /7
Two correct vectors in the plane See main scheme B1
D (1) (=) (1
EgT=|Y|=|2|+s 1 |+t -1 M1
% : 4 % 3 . 1 3 &
x=1-25+¢
y=2+s5-1 Deduce 3 correct equations Al
z=3+5+3t
4x+7y+z=121 M1: Eliminate 5, ¢
Al: Cao Mia
(b) AD ABxAC Attempt suitable triple product M1
2 (kT
=T [e 2 |=4k—-4+14+11
b 11 h 11 ey
1 L
1 M1: Set —(ther triple product) =6
.'.g(sﬂr—zl):ﬁ 5( plerp ) dM1A1
Al: Correct equation
15
k=— Cao (oe) Al




(b) Alternative

11— — 1
Area ABC =—|_~1B AC|=—611 _
2 2 Aftempt area 4BC and distance between M1
DandlIT .
. 4k+28+14-21
D to IT1s
A16+49+1
1 . .
1 4k +28+14—21 M1: Set — (their area x their distance) = 6
N e : il
g Al: Correct equation
15
k vy Cao (oe) Al

(4)

Total 9




"
giﬁ?ﬁ;ﬂ Scheme Marks
Accept i, j,k notation or column vector notation throughout this question
8(a) i j k| (16
7 5 —6/=| 4 B1
-3 1 2| (22
(€9)
(b) 16 4 8 4
4 L 2 = ... 0T 2 L 2 = M1
22 -1 11 -1
r.(8i+2j+|1k)=25 Al
2)
iy 1 (16Y (1) (8 (1
sing
another | €2 A=0,4=1=point | 3 | on the plane = | 4 t; 3 ;=..,01' :»I 2 (e3]|=... M1
point on 1 122) 1) \11) 1
the plane '
r.(8i+2j+11k)=25 Al
)
() i j Kk 13
8 2 11|= 3
1 -1 1 —10
Or
52 52)
(0 3 3 M1
Points on the line are (see below) | -4 [ and| 0 | so directionis| 4 |orany
3 - a0
3. 3
=50
multiple e.g. | 12 |ete
\.__40,
2y+11z =125
x=...(0)=< ~ —Zz=..3)y=...4
@={"""" (3).3=-(~4)
8x+11z =25 ' \
y=...(0}:>{ :>:=[—ﬂ]x=[21
X+z=17 3 =N
: M1
Bx+2y=25 39 31
z=...(0)> Dx=.)=ly=..]——
x—y=7 10 10
Note: points will have the form | 2 _3] e Lo, e ; i ]
\




Common points

(52 31\ (39 31 ) (. 49 29)(65 . 41(13 17
(0. -4.3) l?. 0.——] g 0] b ——, = (— T s [?.—?.1

3 )l107 107 13713)0377 3,

(r—(—4j+3k))=(13i+3j-10k)=0

or
52, 31 )
[l'—{Ti—?k ]x{13i+3j—10k] =0
or Al
39 31 Y] . )
r—| —i——j|[x(13i+3j-10k)=0
L0 10”))
Or equivalent for their correct point on the line and correct direction vector
3)
Combining cartesian equations together (other eliminations are possible):
Alt to
find a (x—y+z=7 3x-52 52+13y
point { 3 =3 x-13y=52=y= al X =- 4
} 8x+2y+11z=25 13 3
and/or :
d-ll'ECTIO_T_'l z=7—x+y=_31_10y:>y=_32_31
vector 3 10
for 520
either £ 52 o 31 El
M1 3 St R e e | Fede Ui vig G
—. So 3 =y= v = B ) 10 sopomntis| O M1
i A A 31
3 42"
i
Or
(13
3
Direction is 1 | or any multiple
L
3)
52 ( 13 )
3 3
point is | 0 | and direction 1s 1 | or any multiple M1
31 10
. 3 \ 3)
(r—(—4j+3k))x(13i+3j-10k)=0
Or
52 .31}
[r—[—i—— ]x[13i+3j—10k] =0
i 3 3 /A
Or Al
39 31 1)) e
r—| =i-—j||x(13i+3j-10k)=0
V10 107 /)

Or equivalent for their correct point on the line and correct direction vector

3)




(d) 3¥ g2 1)
|0 =|1]|=%-1 M1
2] 3 -1
i j k| (13 i, k 13
13 3 -10|= 3jor|l -1 -1|=| -3 M1
1 -1 -16 13 3 =10 16
|—4J+3k (3i+2k))(-13i+3j—16k)
= M1
| V132 432 +16°
11
== Al
J434
(4)
Ale
using 3 1)
ge1lleral +lol=l1 i M
points
on the 2 1
lines
Let the general points on the lines be Xand ¥
(242 0+13u ) [(2+4-13u
X¥=|1-2 || 443u|=|5-1-3u |
3-4 3-10u —A+10u
24 A-13u) [ 13) 24A-13u) 1)
S a {41 +204-278u=0 Ml
5—-A-3u |* 3 |=0and|5-A-3u |*|-1|=
—3431-20u=0
—-A+10u ) |\ -10 -A+10u -1
{sz?] (183}
= A= = —
217 434
(143
(2+1-134) | 34
XF=|5-4A-3x |= L
434
—-A+10pu 38 M1
217
. <3 . \
: 143 33 88 121
-] -3 () ()
\ 434 \ 434 217 | 434
11
d=—— Al
434
(4)
Total 10




Question

Number Scheme Notes Marks
7(a) 4
x-3 _JY~ 5 _- 4 —~r= 1l 2 Converts to parametric form. “r ="1s Mi
4 -2 7 N not required
4
2x+4y-z=1 Correct strategy for finding . Condone
:>2(3+4)L)+4(5—2)L)—4—7/1=1 the use of 2x+4y—z= M1
= A= (3) — Pis for the plane equation.
(15 _1 25) Correct coordinates. Condone 1if given Al
C 7 as a vector.
3)
(a) x-3_y-35 Uses the Cartesian equation to find x in
Way 2 4 2 =>x=13-2y terms of y Ml
Ix+d4y—z=1=26-4y+4y—z=1 Correct strategy for finding P. Condone
:;__ ‘o o - the use of 2x+4y—z= Ml
- N for the plane equation.
(15 _1 25) Correct coordinates. Condone 1if given Al
i as a vector.
(b)
4 2 Applies the scalar product between the
—2|e| 4|=8-8-7=-7 direction of /; and the normal to the Ml
7 -1 plane
Examples:
+7 +7
$p=cos”! ——=... g=sin" ———= ..
A69+/21 V6921 dMl1
Attempts to find a relevant angle in degrees or radians.
Depends on the first method mark.
Allow awrt 10.6 but do not 1sw and
0=106° mark the final answer. Al
For reference 8 =10.5965654°
3)
. ‘} b) y 4 2 26
ay s P p
: o« al=]-18 Attempts vector product of normal to I M
7 -1 -0 and direction of /;
V267 1182 4207 = V2169 sin )
Attempts to find a relevant angle. dM1
Sing = 1046 & — Depends on the first method mark.
69
Allow awrt 10.6 but do not isw and
8=106° mark the final answer. Al

For reference @ =10.5965654°




2 5 ) :
© 1 J k 26 Attempts vector product of normal to 17
a=2 4 -l=-18 and direction of /;. If no method is secen | M1
4 =2 7 =20 expect at least 2 correct components.
i i k 49 Attempts vector product of “a” with
13 -9 —10/=|-7 normal to I7 to find direction of Ml
2 4 -1 70 Correct direction for Al
15 7 Depends on both previous M marks
Attempts vector equation using their ddM1
r=|—-1|+ul-1 direction vector and their P
25 10 Correct equation or any equivalent Al
correct vector equation
(6]
(c) A=1l> (7, 31 l) lies on /,
Way 2
7 2
r=| 3 |+ 4
11 -1 Complete method to find a point on / M1
=2(7+2)+4(3+41)-11+1=1
2 17 1 35 .
f=——>=| —,—,— | i1sonh
3 3 3 3
15 17 28 Uses their point and their P to find M
o o 1 | direction of I,
Directionof his | =1 |—=| 1 |==| -4
25 35 3 40 Correct direction for /» Al
c Attempts vector equation using their
15 7 direction vector and their pointon ddvH
r=|—-1[+u| -1 Correct equation or any equivalent
75 10 correct vector equation. Must have r= | Al
and not eg. L=..
(c) Normal to plane from /;
Way 3 3 2
r=|5|+¢t| 4
4 -1 Complete method to find a pomnt on /» M1
=2(3+2t)+4(5+41)—(4-1)=1
r=-1 :>(l, 1 5) isonh
15 1 14 Uses their point and their P to find
e . Ml
) ) . direction of />
Directionof his | =1 [—| 1 |=]| -2
25 5 20 Correct direction for /» Al
Attempts vector equation using their
: 7 direction vector and their point on / ddM1
r=|1[+ul-1 Correct equation or any equivalent
5 10 correct vector equation. Must have r= | Al

and not cg L=..

Total 11




