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Partial

Question Solution Marks Guidance
1(a) AC = (i+8j)— (—4i—2j)=5i+10j Ml Complete method to find AB or CB  (oe)
— 2
:>AB=§AC=2i+4j
So
FB = ﬁ + E M1 e ..
(dim 22l Complete method to use their AB to find the position vector of B
= _l - .']) TRi+4) (or equivalent method using their vector)
=-2i+2j Al 3] Correct position vector of B
1(b) Distance between O and D equals distance between B and C | M1 Complete method to find the distance from O to D: so needs to find
BC and then employ correct method to find the distance
=>|0D| _ \/(_2_1)2 +(2-8) = 35 Al oe Correct distance oe, e.g. V45 or awrt 6.71
12]
2 (a) 3 1
y=x%+kx?
dy 3 % k —% MI1* Writes y as powers of x and attempts to find dy/dx (x" — nx"~!)
= = =— ——X . .
de 2 2 Al Correct derivative
1 3
& :0:§(4)2 —5(4) =0
dx| _, 2 2
3 L M1(dep*) Uses that x = 4 is a stationary point and attempts to solve for k
= —(2)——(lj =0
2 2\ 8
=k=48 Al Correct value of k
Alft Correct y coordinate of P ft their &

Hence at P, y=\/F+ﬁ=32

7
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2(b)

1 3

dy = E)cE —24x?

dx 2

Stationary points occur when

31 3 Ml Complete method to show that the curve has only one stationary
Ex5—24x7 =0 =x’=16 point
which only has one solution for x since x > 0. Hence P is the
only stationary point on C Al Convincingly shows that the curve only has one stationary point +
S conclusion
2 3 1 _2
d—}; =—x 2+4+36x ?
dx® 4 Ml Complete method to determine the nature of the stationary point
d’y 3 - 23
tx=4, —5=—(4) 2+36(4) 2==>0
so atx i 4) 4) 5
. d’y 3 . .
Hence since e >0 atx =4, Pis aminimum Al States ‘minimum’ following a calculation, valid reason and correct
[4] | conclusion
3(a) c=2",d=16" Bl Correct expression for ¢ in terms of m  (can be implied)
B1 Correct expression for d in terms of n  (can be implied)
CS 23m
= ﬁ =— Ml Complete method to simplify the quantity into a single term of the
162 form 2” with y in terms of m and » only using their ¢ and d
23)71
= F
= p3m=2n Al Obtains correct result
(soy=3m—2n) (4]
3(b) log(4*x5* %) =log 7> M1! Takes logs to both sides
, . _ M12(depl) Uses product rule to expand out term on LHS
] 4.x +] 2-x =1 3-2x i ) i :
=08 025 og7 M13(dep2) Uses power rule to obtain linear equation in x
= xlog4 +(2—-x)log5=(3-2x)log7
= xlog4 +2log5—xlog5=3log7—-2xlog7
= x(log4 —log5+2log7)=3log7—-2log5
Al cao Obtains correct value of x to 3 sf

= 3log7—-2log5
log4 —log5+2log7

=0.714 (3 sf)

[4]




4 (2 Discriminant = (+/8)? — 4(2v/2 = 2)(1++/2) M1* Writes down the correct discriminant in any form
= 8+8(1- \/E)(l * \/E) M1 (dep*) Attempts to expand the brackets with correct surd manipulation
=8+8(1-2) seen
=8-8
=0
Hence the equation has two equal roots / a repeated root Al Obtains discriminant = 0 + conclusion
13]
4 (b) —V8+0
X=———— % . . . .
22 N 2) Ml Writes down correct value of x in unsimplified form
V8 1442

= X

41— V2 ) 1+ V2 MI1(dep*) Attempts to simplify their expression by rationalising the

J8 1+2 denominator and using V8 = 2v2
= X
40-2)" 1+2

_8+4
= —4

=1+ i(zﬁ )

Al Correct value of x

1
—_1-=2
2
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5 (a) 0<sinx<1 M1 Attempts to find a bound on 5 — 3sin’x
= -3<-3sin’x<0
=2<5-3sin’x<5
Hence 5 — 3sin®x > 0 Al Shows the result convincingly
2]
S (b) 5-3sin’0=4
, 1 M1* Removes logs correctly from both sides
=sin" 0= 3 Al Obtains correct equation for sin? 6
. 1
=sinf= iﬁ
M1 Sqrts (allow omission of +), finds the principal value and uses a
= 0=135.264... .
correct method to find at least one other angle in range
Other values of 6 given by
180 —35.26 = 144.73...
180 + 35.26 = 215.26...
360 —35.26 =324.74... Al At least two angles correct
Al All four angles correct
So 6 =35.3,144.7,215.3 or 324.7 5]
5(c) e 5o that log(5 — 3sin®0) is defined
B1 A correct explanation/illustration of why (a) is useful

e logx is not defined for x <0
e make sure all solutions are valid

1




5000 = lim%:A , 804 =5000

i—=1+ Be Bl Correct value of 4
502 5000
" 14+ Be €O M1 Substitutes ¢ = 0 and N = 50 into equation to form an equation in B
50— 5000
1+B
—~B=99 Al Correct value of B
5000 _c
150= 1+99¢ € =€ =.. M1* Substitutes N =150 at t = 1 (must have some values for 4 and B at
e C 203265 this stage) and rearranges for e ©
—C =1In0.3265... .
= " M1(dep*) Takes natural logs with use of In(e) = 1 seen
= C=-1In0.3265...
Al Correct value of C. Awrt 1.12

= . LX)
So C=1.11(90...) 6]




7 (a) Y s (5) i x N M1* Award for at least one term of the form 3Ci (3)**(—x/5)*, 0 <k <5

(3_ g) =3+ 1 ) (_gj *, ) (__j * Al Correct unsimplified expansion up to x?

54
= 243-8lx+—x"—...
5
(2 + f)( 3— fj = (2 + f)(243 —8lx+ 54 X+ ) M1(dep*) Attempts to find the full expansion by multiplying out the brackets
3 5 3 5 to obtain expression with correct number of terms
= 486—162x+%x2 +81x—%x2 +...
: 2
_ 486—81x—2x2 . Al Correct expansion up to x
5 [4]
7 (b) R n! MI1* Writes down correct definition of "C>
C,=———
21(n—-2)!

_1 n(n—1) (p—~2)

2 (=20

= l n(n—1)

2 Al Shows the result convincingly

(as required) 2]

7(0) PC,(5)*(1)"* =700
25 o

= 71’(17 —-1)="700 Ml Forms correct equation in terms of p and attempts to solve for p

=p'—p=56

=p°'—p-56=0

= (p-8)(p+7)=0

Al Obtains correct value of p

Andp>0,sop=38

2]




8 Lety=x?-2x°
dy_ o Y Hh)=y()
dx h-0
i (x+h)’ =2(x+h)’ —(x* =2x%) MI1* Writes down correct limit definition of the first derivative
B hllr(} h
. X4 2xh R =203 +3x7h+ 3xhP + B — x4 2x°
= 1;33 h M1 Attempts to expand all brackets and collect-like terms in the
2xh+ 1 —6x°h—6xh* — 21 numerator
=lim
h—0 h
= Lirrol(2x —6x"+h—6xh—2h%)
=2x-6x" Al Obtains correct first derivative with correct limiting process seen
Then
2 ' '
d—f: lim L&D =Y'()
dx h—0 h
20x+h)—6(x+h): —2x +6x> M1 (dep*) Complete method to find the second derivative using correct limit
= lhlf(} h definition (ft their first derivative)
_ 2x+2h—6x" —12xh—6h* —2x+6x"
TS0 h
. 2h—12xh—6h’
=lim——m
h—0
- %15)51(2 ~12x+h—6h) Al cso Shows the result convincingly with correct limiting process seen
=2-12x AG [S] | and no errors
9 (a) I 5
2x=4y-10=0=>y=—x——
Yy Yy )
So gradient of /1 = 1/2 B1 Obtains correct gradient of /1
Blft Correct gradient of /> ft their gradient of /1

Hence gradient of /> =2

2]




9 (b) Equation of hisy=-2x+k
So crosses y axis at (0, k) and x axis at (k/2, 0) M1* Characterises the points 4 and B in some way in terms of one
variable
1 k 2
4= E(k)(E) =k =16 M1(dep*) Uses their characterisation to write down an equation in terms of
—k=+4 their variable and attempts to find its value
However can see from the diagram that k < 0, so & = —4 Al Correct value of their & (allow +4 (or both) for this mark)
Hence coordinates of 4 = (=2, 0) ] ]
and Al Obtains the correct coordinates
coordinates of B = (0, —4)
[4]
9 (¢ Equation of the line is then y = —2x — 4
= 2x+ty+4=0 B1 Correct equation the line in the required form (allow non-zero
[1] | integer multiples)
9 (d) At intersection point C:
2x—4(2x-4)-10=0 M1 Uses a correct method to find the coordinates of C
=2x+8x+16-10=0
3
=Sx=—=
5
14 Al Correct coordinates of C
Soy=-—
5
. 5 . o
Coordinates of D = 0,—5 B1 Correct coordinates of D stated or implied
Area of quad. OACD = area of tr. OAB — area of tr. BCD
Area of BCD = 13 4 S - 9 Ml Complete method to find the area of the quadrilateral
2\5 2 20
9 7 Al Correct area of the quadrilateral

Hence area of OACD = 4 - — = —
20 20

5]




10 (a) a=26-b B1 Correct a in terms of b seen or implied
) le o 9_142+b2—a2
cosine rule gives cost= 2(14)b M1* Uses the cosine rule to form an expression for cos0 in terms of a
202 he g2 and b
= cosf = 47 +b 281(926 b) M1(dep*) Substitutes « in their cosine rule expression with their 26 — b
196 +b> — (676 —52b+b*)
= cosf =
28b
—480+52b
=cosf=———
28b
13 120 . .
=cosf=—-—b AG Al Complete and convincing proof with no errors seen
10 (b) 21, 2.2
A= Eb (14)"sin"6 M1* Writes down correct expression for 4>
=49b>(1—cos’ 0) M1**(dep*) Uses sin?0 = 1 — cos0 to write expression for 42 in terms of cos0
) 13 120Y . , , )
=49b°| 1- N M1(dep**) Uses part (a) to obtain an expression for 4% in terms of b
_ 40p” (_@_’_ 3120 144020)
49  49b 49D
=—120b% +3120b— 14400 AG Al Obtains given result convincingly with no errors seen
[4]
10 (¢) (i) A? =—-120(b* - 26b+120) M1 Extracts a factor of —120 from expression (or first two terms) and
_ —120[(b _1 3)2 132y 120} attempts to complete the square
. M1 Obtains —120(b — 13)* + ...
==120(b~13)" + 5880 Al Completes the square correctly
So max(4?) = 5880 = max(4) = awrt 76.7 Blft Correct maximum value of A ft their completing the square

[4]

(provided their 5880 > 0)




10 (¢) ()

2
) _ 240p+3120

ALT M1* Correctly differentiates the expression and sets it equal to 0
Max. occurs when —240b + 3120=0= b =13 Al Correct value of » at maximum
So max(42) = —120(13)2 + 3120(13) — 14400 = 5880 M1(dep*) Substitutes their b at the maximum into 42 and uses it to find
= max(4) = awrt 76.7 maximum of 4 ,
Alft Correct maximum of 4 ft their b
[4]
10 (c) (ii) Max happens when b= 13 = a = 13, Bl Correct type of triangle stated (not reason needed)
so the triangle is isosceles 1]
11 (a) Y a B1 Correct shape of the graph
B1 Correct x intersections labelled
5(-k-2) B1 Correct y intersection labelled
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11 (b)

x=Dx+3)(x+k)=(*+2x=3)(x+k)

. - . L .
= X+ (k+2)x% +(2k - 3)x—3k M1 Attempts to expands brackets obtaining cubic expression in k with
correct no. of terms
1 1
jo ydx = JO (7 + (k+2)x* + (2k — 3)x — 3k)dx M1%(depl) Integrates their cubic expression indefinitely
4 1
= {XZ kL?)Z x>+ 2k=-3 x— 3kx} Al Correct indefinite integration
0
_ 1 " k+2 " 2k-3 3k M13(dep2) Substitutes correct limits into their indefinite integral in the correct
4 3 2 order. NB: allow use of integration from 1 to 0, but they must be
_ 3+4k+8+12k—18—36k consistent with the order of limits on the integral and the order of
12 substitution
_ —7-20k Al Correct unsimplified area of the curve between 0 and 1 (up to
12 sign)
So area between 0 and 1 is 7+ 20k
Th f triangle OAB i 1l<3'k—3k2
e area of triangle 18 E( )(3k) = R Bl Correct area of the triangle OAB
3 7420k _119 — | -
Hence 5 2 12 M1(dep3) Combln.es their two areas to obtain a quadratic in & and attempts to
express in the form of a 3TQ
= 18k>+7+20k-119=0
= 18k*+20k—112=0
=9k*+10k-56=0 AG Al cso Shows the result convincingly with no errors
171
11 (c) (Using a calculator and the figure means that) k=2 B1 Correct value of & (no other values allowed)

1




12 (a) Model octopus as (x +7)* + (y — 52 =25 Bl Correct LHS of circle
B1 Correct RHS of circle
Fish’s path intersects circular region if
(x+7) +(kx+1)*>=25 M1* Eliminates y from their equation of the circle and attempts to
o 4 1Ax 4 494+ K2 + kx4 1= 25 expand and form a 3TQ (or eliminates x)
2 2 —
ﬁ(l"‘k )x +(14+2k)x+25—0 Al oe COITeCt 3TQ inx
Octopus does not catch the fish if
(14 +2k)* —4(1+k*)(25)<0 M1**(dep*) | Correct condition for equation to have no solutions
= 196+ 56k +4k*—100—100k> <0
= —96k’ + 56k +96 <0
12k* =7k —-12 ividi -
= 12k =Tk >0 (after dividing by -8) Al Correct inequality for &
For CVs, consider 12k* —7k—12=0
= (Bx=4)(4x+3)>0 M1(dep**) Complete method to find CVs of their quadratic inequality in &
I
34
So values of k satisfying inequality are k <—3/4 or k> 4/3
As a set, therefore we have {k € R: k<-3/4 or k> 4/3} Al Obtains correct set of integer values of £
8]
12 (b) Any one from:
e fish may not swim in straight line B1 One correct limitation — mark to the advantage of the candidate if

e fish may not swim on a straight line with

gradient 4
e size of fish not considered

e  octopus may move away from the origin

e size of octopus not considered

1

more than limitation given




