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N ( M1* For using scalar product of line and plane
. 0 =sin"! [5.6.-71. (L2 1 vectors ) P P
\/52+62+(—7)2 \/12+22+(_1)2 I(\fclj | For both moduli seen
ep
L 24 Al For correct scalar product
1 o o
0=sin~ 75 =091 (69.099...%, 1.206)) AL 4  For correct angle
1 |[5, 6, - 7] %1, 2, _1]| SR For vector product of line and plane vectors
$=sin > > > 2 > ML* AND finding modulus of result
\/5 +6%+(-7) \/1 +2°+(-D)° M1 For moduli of line and plane vectors seen
(*dep)
$=sin"L V84 -209° = 9=691° Al For correct modulus /84
___________________________________ Juove AL Forcomectangle
(i) METHOD 1
[l+12+3-40] 24 M1 For use of correct formula
- m 6 446 ~9.80 Al 2  For correct distance
+2°+ (-
METHOD 2
(1+A)+2(6+21)-(-3-1)=40 M1 For substituting parametric form into plane
= A=4=d=46 Al For correct distance
OR distance from (1, 6, —3) to (5,14, -7)
= /4% 182 1+ (-4)* =96
METHOD 3
Plane through (1, 6, —3) parallel to p is M1 For finding parallel plane through (1, 6, —3)
X+2y-2=16 = d = 40-16 :ﬁ Al For correct distance
G
METHOD 4
e.g.(0,0,-40) onp M1 Fogi usiTg anyé)oint on p to find vector
vector to (L 6, —3) = +(L 6,37 and scalar product seen
= ( ) = = ) eg. [16,37].[4 2 -1]
d- 2,6,371.11,2, -1 24 Al For correct distance
- V6 6
METHOD 5
I meets p where (1+5t)+2(6+6t)— (-3-7t) =40 For finding t where | meets p
=t=1 =d :|[5 6, —7]|sin6' M1 and linking d with triangle
24 Al For correct distance
=4/110
J_f &
. N
2 () METHOD1 ) 1 M1 EITHER For changing LHS terms to eiz'g
1+el? 27 20
EITHER —©_ = , , ,,_C0s30
1-¢l? ef%ie e%iﬁ ORin reverse For using cot6 =— 1,
- sin+
2
2cosio 1; 1;
2 ; 1 i0 -0
=———>=—=icot50 M1 27 te ?
~2isinlo 2 Foreitherof “S1g-_8~ =€~
2 AL 3 sin 2 (2 (i)

OR in reverse with similar working

For fully correct proof to AG
SR If factors of 2 or i are not clearly seen,
award M1 M1 A0
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2 (i)

X
i0 -0 0, -0 . . .
1-e7 1-e 2—(‘9' +e” ) M1 conjugate in exp or trig form
1+cos€+isinaxl—cose+isin6
1-cos@—ising 1-—cos@+isind
2ising  2isin %3 cos%e o M1 For using both double angle formulae
= = — =icot5 0 correctly
2-2c0s0 2sin %9 Al For fully correct proof to AG
METHOD 3
1+c0osf+ising 2cos” 10+ 2isin 30 cos1o M1 For using both double angle formulae
1-cos@—isin®  2sin®10-2isin1e cosio correctly
- ZCOS%Q(COS%Q +isin %9) M1 For appropriate factorisation
" ocindafcinlg_icosl
25|n§9(sm§0—|cos§€)
inlg_icnel
sin=@d—-icos= 6
=icot%9( . i . i ) =icot%¢9 Al For fully correct proof to AG
(smfe—lcosie
METHOD 4
1_t2+i 2 M1 For substituting both t formul tl
1+00s0+isiNG 142 1412 or substituting both t formulae correctly
1-cos@—isin@ . 1-t2 . 2t
_7_|7
1+t2 1+t
242t 11+t it-i .4 M1 For appropriate factorisation
T2 gt tioi ti-i cot5 0 Al For fully correct proof to AG
METHOD 5
1+el? 146 _1+2ei9+e2i9 )
1_el? x 1+e?  1_gd0 For multiplying top and bottom by 1+ e'?
2 +elf 1 g0 M1 and attempting to divide by e'?
e 10 _gl¢ OR multiplying top and bottom by 1+e~?
_ 2(L+cosf) 2c0s” 10 _ cos;6 ML For using both double angle formulae
-2ising  —2isin}fcosio —isinlo correctly
= |cot%€ Al For fully correct proof to AG
im im .
z w M1 For a circle centre O
Al For indication of radius = 1
and anticlockwise arrow shown
re Bl For locus of w shown as imaginary axis
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METHOD 2

i0 1 .-if i0_ .-io
EITHER1+e 1 e_ _ e e

For multiplying top and bottom by complex

described downwards
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3 (i) METHOD1 M1 For correct auxiliary equation (soi)
m+4(=0) = CF (y =)Ae—4x Al 2 Forcorrect CF
METHOD 2
Separating variables on %+4y =0
X . . .
— Iny = —4x M1 For integration to this stage
= CF (y=)Ae ™ Al For correct CF
""" (i) Pl (y=)pcos3x+qgsin3 Bl Forstating Plofcorrectform
y' =-3psin3x+3qcos3x M1 For substitutingy and y’ into DE
= (-3p+4q)sin3x+(4p+3g)cos3x =5c0s3x Al For correct equation
-3p+4q=0 4 3 M1 For equating coeffs and solving
4p+3q=5 P=5. 4=%§ Al Al For correct value of p, and of g
B1V 7 ForGS

GS (y =) Ae ™ +2cos3x+3sin3x . . .
5 5 f.t. from their CF+PI with 1 arbitrary constant

in CF and none in PI
SR Integrating factor method may be used, followed by 2-stage integration by parts or C+iS method

(i) g-ax g 4 cos3x+ 2sin3x = g(i)rls(3x +a) M1 For considering either term
ALV 2 For correct range (allow <) CWO

= -1<y<l OR -15yg1
ft.as —p?+q° <y<+/p?+q> from (i)

4 (i) abc = (ab)c = (ba)c =b(ac) = M1 For using commutativity correctly
b(ca) = (bc)a = (cb)a = cha Al 2 (For cofrrect proof X iod)
L o use of associativity may be implie
Minimum working:
abc = bac = bca =cbha
OR abc =acb =cab =cbha
____________ OR abc=bac=bca=cba
(i)  {e, a}.{e, b}.{e, c},{e, bc},{e, ca},{e, ab},{e, abc} Bl For any 5 subgroups
e e e e e e e e e e e e e e e e B1 __2___For the other 2 subgroups and none incorrect
(iii)  {e, a, b, ab},{e, a, c, ca}, {e, b, c, bc} B1 For any 3 subgroups
{e, a, bc, abc}, {e, b, ca, abc}, {e, c, ab, abc} Bl For 1 more subgroup
{e, bc, ca, ab} B1 3 For 1 more subgroup (5 in total)
et e e et @ndinoOne incOrTRCY L
(iv)  All elements (= e) have order 2 B1* For appropriate reference to order of elements
OR all are self-inverse inG
OR no element of G has order 4
OR no order 4 subgroup has a generator or is cyclic
OR subgroups are of the form{e, a, b, ab}
(the Klein group)
= all order 4 subgroups are isomorphic Bl For correct conclusion
(*dep)2
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5 (i) dy e du M1 For using chain rule
— =KU
dx dx Al For correct &
= xkuk‘ld—u+3uk = x2u? M1 For substituting for y and Yy
dx dx
d_”+iu — ZyukHt Al 4  For correct equation AG
dx  kx
..... e B o 3 —
(iii) du_ 3, e i ek 1 B1v For correct IF
dx X X3 8
f.t. for IF = xk
using k or their numerical value for k
- a u Lol M1 For i(u.their IF) = —x.their IF
1 1 1 Al For correct integration both sides
S U—Z=-(H0) = y=—35— Al 4  For correct solution fory
X X CX” + X
6 (@) Closure (ax+b)+(cx+d)=(a+c)x+(b+d) Bl For obtaining correct sum from 2 distinct
elements
eP Bl For stating result is in P
OR is of the correct form
SR award this mark if any of the closure
result, the identity or the inverse element is
stated to be in P OR of the correct form
Identity O0x+0 Bl For stating identity (allow 0)
Inverse —ax—b Bl 4 For stating inverse
. (b) (|) AT T
...... I TR eyt e
...... Btk e oS L S
(iii) (ax+b) + (ax+b) + (ax+b) = 3ax+ 3b For cons.ld_erlng sums of ax+b
and obtaining 3ax+3b
=0x+0 For equating to 0x+0 OR 0
= ax+b hasorder3va,b (except a=b=0) Al and obtaining order 3
SR For order 3 stated only OR found from
incomplete consideration of numerical cases
award B1
Cyclic group of order 9 has element(s) of order 9 M1 For reference to element(s) of order 9
(*dep)
= (Q,+(mod 3)) is not cyclic Al 4  For correct conclusion
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7 (i)
Bl For sketch of tetrahedron labelled in some
way
At least one right angle at O must be indicated
or clearly implied

o :
M1 For using A = %base x height
A OPQ =% pg, AOQR = %qr , AORP =%rp Al 3 Forall areas correct CAO
..... R e
% RP x RQ :%| RP[|RQ|sinR = APQR B1 1 For correct justification
W) s = (% pq)2 +(%qr)2 +(% rp)2 B1 For correct expression
_ 1 - - -
APQR = Z|(pi—aj) x (pi—rk) B1 For APQR in vector form
OR  Z|(pi—rk)x (qj—rk)|
OR  Z|(pi—aij)  (gj—rk)|
A PQR :%|qri +prj+ qu| M1 For finding vector product of their attempt at
APQR
Al For correct expression
RHS:%(( pq)2+(qr)2+(rp)2) M1 For using |ai+bj+ck|:\/a2+b2+c2
Al 6  For completing proof of AG WWW
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8 (i) A . so 4 M1 For expanding (c+i s)4 . at least 2 terms and
Re(c+is)"=cos40 =c” —6c"s” +s 1 binomial coefficient needed
Al For 3 correct terms
cos46 =c* —6c?(1-c?) + (1-c?)? M1 For using s° =1-c?
(1-c?)+(-c?) den) g
____________ = cos40=8cos’0-8cos’ 0+l ... AL 4 Forcorectexpression for cos4d CAO
(i) cos46cos260 = (8c4 —8c? +1)(2c2 —1) For multiplying by (202 —1)
o .Sl6c0s"0-24c0s" 9 10c0%0-1 B A Y
(i) 16c6 _24¢% +10c2 —2=0 M1 For factorising sextic
= (02 —1)(8(:4 —4c? +1) =0 with (c-1), (c+1) or (¢ -1)
For quartic b2 —4ac=16-32<0 Al For justifying no other roots CWO
=>c=tlonly= f=nr Al 3 Forobtaining =nz AG

Note that M1 AO Al is possible
SR For verifying @ = n z by substituting ¢ = +1

into 16¢® — 24¢* +10c2 -2=0 B1

(V) 16c% —24¢* +10c2 =0

= c? (804 ~12¢2 +5) =0 M1 For factorising sextic with ¢?
For quartic, b? —4ac =144-160 <0 Al For justifying no other roots CWO
= c0sé =0 only Al 3  For correct condition obtained AG

Note that M1 AO Al is possible

SR For verifying cos & = 0 by substituting ¢ =0
into 16¢® —24¢* +10c? =0 B1

SR For verifying 6 =2z and 0 = -1 z satisfy
cos4é cos26=-1 Bl
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