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Question Answer Marks
(a) Draw two V-shaped graphs with one vertex on negative x-axis and one vertex on positive x-axis M1
W Draw correct graphs related correctly to each other Al
2 - Al
State correct coordinates ——a, 2a, —a, 4a
3 3
[ 3
(b) Solve linear equation with signs of 3x different or solve non-modulus equation (3x+2a)’ =(3x-4a)’ Ml
Obtain x=+a Al
Obtain y=3a Al
3
Question Answer Marks
(c) 1 e BIFT
State x< xd (FT from part (b))
[ 1
Question Answer Marks
(a) Differentiate using the product rule to obtain ax” cos 2x — by sin 2x Mi
W’ Obtain 3x° cos 2x - 2x" sin 2x Al
W Equate first derivative to zero and confirm x = y1.5x" cot2x AG Al
3
(b) Consider sign of x - v1.5x" cot2x or equivalent for 0.59 and 0.60 Mi
Obtain ~0.009... and 0.005... or equivalents and justify conclusion Al
2
(c) Use iteration correctly at least once Ml
Obtain final answer 0.596 Al
Show sufficient iterations to 5 sf to justify answer or show sign change in interval [0.5955, 0.5965] Al



Question

Answer

Marks

Guidance

(0

State R=1.3 or?

B1 | Not 1.69

Use appropriate trigonometry to find @

M1 | AWRT +1.18rads, AWRT +0.391 rads, AWRT +67.4°,

AWRT 122.6°

0%

Obtain 67.38 with no errors seen

Al | AWRT

(i)

Carry out correct method to find one value of @ between 0 and 360

M1

Obtain 240.6 (or 344.6)

Al

Carry out correct method to find second value of @between 0
and 360

M1 | Must be using either degrees throughout or radians throughout

for M marks

Obtain 344.6 (or 240.6) Al

Rz 26 4

(1) Recognise expression as [3 -RRcos(0 + @)’ (3 -2 ")— M1
Obtain [3-2x (1.3 and hence 3136 or 31.4 (3 — (-2-¢)) Al

Obtain [3-2x1.3]° and hence 0.16 Al

X+ px* +30x+g=0

(a) 1+ 5i Bl
(1)
(x=(1+5))(x=(1-5i))) = x* —2x+26 MI: 1. Attempt to expand or
: 4 . | 2. Use sum and product of the
(b) ((x—2)(x—(lj:51)))=x -(315i)x+2(1£50) | complex roots. MIAI
Al: Correct expression
Uses their third factor with
(Jr2 =2x + 26)(x -2)=x"+px’ +30x+q | their quadratic with at least4 | M1
terms in the expansion
p==4, ¢q=-52 May be seen in cubic Al, Al
Substitute one complex root
OR f(1+51)=0 or f(1-51)=0 to achieve 2 equations in p Ml
and/ or q
g-24p-44=0and 10p+40=0 Both equations correct oe Al
Solving for p and ¢ Ml
p=—4, q=-52 May be seen in cubic Al, Al

(5)




(b)1) Show a circle with centre 2 + 31 Bl

ms* Show a circle with radius 1 and centre not at the origin Bl
W) 2
b)(11) | Carry out a complete method for finding the least value of arg = MI
Obtain answer 40.2° or 0.702 radians Al
, dx o dy
(a) — =6 cos X (-sin 1), — =2 cos 2t M1 Al
dr t
dy 2cos 2t 2cos 2t 2
— = — = : =—§c012t MI1 Al
dx ~6costsing -3sin 2t
) -%cot2t=0=>2u=% 38 (=21 X M1 Al
3 3
1), (5,-1) Al
: cllllel yudl oradm—2.
¢ t=20m=%,y=%, gl = Bl
. S s i 3
.)——2———}1(.\—4 Ml

6\5_\'— 9=—4x+9
2+ 33y=9 Al




Question
R Scheme Marks
5 0 8 3
M; lor=|-3|+A4| 1|, L:r=| 5|+ u 4| Let@ =acuteanglebetween /, and /,.
*ﬂé p) (-3 g} L5
Note: You can mark parts (a) and (b) together. |
@ | {h=hL=i}5=8+3u=>pu=-1 Finds gand substitutes their ginto I, | M1
8 3 200 L b T
So, {OA}= S|1-1 4 =1 Si+j+3k or | 1] or (5,1,3) | Al
X ) s 3 3
lelZZZZZZQZZZLQZLZZLQZZQZZQZZﬁﬁlllljﬁljﬁlljLllLQZLQZZLZjLljLﬁjﬁjljjjjlﬁjﬁEjljjﬁjjl;lﬁjjljlejljjﬁﬁﬁjﬁ;ﬁsj;ﬁljjﬁlﬁ.ﬁlllljﬁijzll
* _ B i B quates j components, substitutes
(b) {i: =3+A=5+4u >} 3+A=5+4-1)=>1=4 their 4 and solves o g = MI
k: p-3A=-2-5u Equates k components, substitutes their 2 and their
| * u and solves to give p=... or
P-EF-2-3-1) p=15 equates k components to give | M1
their " p — 34 =the k value of 4 found in part (a)”,
or k: p-34=3 : ; | B
...... substitutes their A and solvesto give p=.. |
PR BZB T p=15 AT
......................................................................................................................... 131 |
0 3 0 3 Realisation that the dot product is
(c) d=| 1|,d,=| 4| =| 1| 4 required between | M|
=3 -5 23 ) s +Ad,and £Bd,.
"""""""" [ omavare(av.s ) Anatempttoapplythedot |
cos0=iKL - 0(3)+(|)(24)+( ’3)( 5)’ Bt product formula between + Ad 3.':‘.1
VOO + (1 +(=3)° ) + (4 +(=5)") and +Bd,. | "™
19
cos @ = 6 =31.8203116...=31.82 (2dp) anything that rounds to 31.82 | Al
‘7,'0,-‘750 . e | e
......................................................................................................................... 131
11 11 5 6 3 6
(d) OB = 9 |; AB= 9 1-11 |= 8 |or AB=2| 4 |= 8
See M1
-7 -7 3 -10 -5 -10 notes
[48= {6 + 8 + -10)* {=1042]
""""""""""""""""""""""""" Writes down a correct trigonometric equation involving | |
02 L the shortest distance, d. Eg: ,d =sin@, oe. | M
their
{d:lO‘Esin3l.82... }d=7.456540753...=7.46(3sf) anything that rounds to 7.46 | Al




(b) Alternative method for part (b)
3xj: =9+3A=15+12u p-9=13+7u Ellmmates,lto‘wn.tedownan M
k: p-3A=-2+5u equation in p and u
Substitutes their g and solves to give M
p-9=13+7(-1) p=15 pP=..
p=15 | Al
(d) | Alternative Methods for part (d) Let X be the foot of the perpendicular from B onto /|
0 s) (o 5
d=| 1|, OX=| -3 [+4] 1 |=| -3+4
-3 15 \ -3 15-34
5 i} | =8
BX=| =-3+4 |-| 9 |=| -12+4
15-34 -7 \ 22-31
Method 1
i 0 (Allow a sign slip in
_— copying d
BXed =0 = | —12+4 [o] 1 |=-12+1-66+91=0 - _BEY
solves the resulting | M1
leadingto 10A —78 =0 = A= > equation to find
5 a value for 4.
( (
6 6 Substitutes their value of
% 51 /4 into their BX.
BX = -12+— = -—= dM1
5 5 Note: This mark is
39 7 dependent upon the
22-3 73 5 i previous M1 mark .
........... RN em B R . 4N
: [ 21) 7Y ide
d=BX = [(-6) + Ty +|—-—=| =7.456540753... awrt Al
Method 2
Let B=|BX| = 36+ 144 - 242 + 27 + 484~ 1322+ 9A° Finds B =|BX] in terms of 7,
= 102" - 1564 + 664 fmdsﬂ and sets this result | M1
dp 39 dz
S°a=20'1‘156=0:>'1=? equal to 0 and finds a value for
.
(- 39 39 278 Substitutes their value of 4 into their |E\’l- "
BX| =10 — | 156 — |+ 664 = — ; 3 dM1
| 5 5 Note: This mark is dependent upon the
......................................................................................... previousMImark.|
d=BX = 2—? = 7.456540753... awrt 7.46 | Al




Question 4 Notes

(a)

(b)

(c)

(d)

Note

Finds g and substitutes their yinto /,
5
Point of intersection of 5i +j+ 3k . Allow | |
3

or (5,1,3).

.........................................................................................................

Equates k components, substitutes their A and their x# and solves to give p = ...
or equates k components to give their " p — 34 = the k value of 4™ found in part (b).

Part (c) appears as M1A1A1 on ePEN, but now is marked as MIMIAL.
Realisation that the dot product is required between +A4d and +Bd, .

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 +5Bd, .

6 =0.5553..° is AO.
( 0-16-60

MIALS 0 ‘
or cosf = L=
L‘/(O)’ +(8) +(=12) (-3} +(-4) +(5)*)

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

d, xd, =

( 0 \_ ( 3 \_ iJ kK Realisation that the vector
1 ., x| 4, = 01 -3|=7i-9j-3k cross product is required M1
=37 | =57 3 4 -5 between +A4d, and £Bd, .
sin @ = ‘/(7)2 +(-9)’+(3)’ An attempt to apply the 334.1
\/(0)2 +(1)+(-3). ‘/(3)2 +(4) +(-5) vector cross product formula | (e
— 6 =31.8203116...=31.82 (2dp) anything that rounds to 31.82 | Al

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: - =sinf or - = ¢c0s(90 - 6), o.e., where “their AB” is a value.
their AB their AB
and #="their@" or stated as #
Al | anything that rounds to 7.46




m%q du

a) U=SINX = — =COSX Bl
dy
| = J’ 6cos x dx = J’ 6cos x dy M1
cos’ x(2=sinx) (1 ~sin? x)N2-sinx)
=j — du M1 Al
(l=u"N2-u)
(14 )l =uN2~u) I+ u l-u 2~u
6=A(1 —w)2=w)+B(l +u)2=u)+ C(1 +u)l -u) MI
u=-| =5 6 = 64 =5 A=1 Al
u=1 = 6=2B = B=3 Al
u=2 =5 6==-3C = C=-2 Al
6 Y T
(l-u:)(2—u) " l4u | = u 2-u
) x=0=u=0 x=2 zu=% MI
et ) 32
! I() (l+u ! | = u Z—M) du
=fnlt+ul =3ml1-ul +2m|2-ul)} M1 A2
=(In3 -3Int +2In3)-(0+0+2In2) MI

=3|n';~ +3In2-2In2

=3In3-3In2+In2=3In3-2In2 MI Al




G

(a) % is the rate of increase of volume (with respect to time)
—kV : k is constant of proportionality and the negative shows decrease (or loss)
giving % =20-kV %k These Bs are to be awarded independently
(b) I 20_' 7% dy = I 1dr separating variables

—%ln(ZO—kV)=I (+C)

Using ¥V =0,7=0 to evaluate the constant of integration

c=—lln20
k

1 ( 20 )
t=—In
k 20-kV

Obtaining answer in the form V' = A+ Be ™
20 20 _, 20 2
V=——— Accept —(l-e
= =0 ceept — ( )
(c) %=20€"’ Can be implied
£=10,t=5 = 10=20e™" = k=lln2=0.l39
dr 5
At =10, V=£ awrt 108
In2

Alternative to (b)

Using printed answer and differentiating % =—kBe™

Substituting into differential equation

—kBe™ =20-kA—-kBe™
20

A==
k

Using V' =0,7=0 in printed answer to obtain A+ B=0

B=-=—
k

Bl

Bl

M1

M1 Al
Ml

MI
Al

M1

M1 Al

MI Al

MIl

MI1
M1 Al
M1
Al




1 . (a) Sketch, on the same diagram, the graphs of y = |3x + 2a| and y = |3x — 4a/|, where a is a positive

constant.
Give the coordinates of the points where each graph meets the axes. [3]
20—
(b) Find the coordinates of the point of intersection of the two graphs. (3]

--------------------------------------------------------------------------------------------------------------------------------------------------------
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3¢
4. Given that 4 and ##% are roots of the equation

X+axt+bx-52=0

where @ and b are real constants,

-—3-2,
(a) write down the third root of the equation,

(b) find the value of @ and the value of b.

................................................................................................................................................................



(¢) (i) Onan Argand diagram, sketch the locus of points representing complex numbers z satisfying
|z=2-3i|=1. [2]

|z = (230 =

o 0)

(ii) Calculate the least value of arg z for points on this locus. (2]
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otd

8. Liquid is pouring into a container at a constant rate of 20 cm®s ™' and is leaking out at a
rate_praportional to the volume of liquid already in the container.

MA'&(M kv
(a) Explain why, at time 7 seconds, the volume, ¥ em’, of liquid in the container satisfies
the differential equation w = °
o ¥ sexfld =€V
—=20-kV,

dr 7

where £ is a positive constant.

dv -—j d @)

20-kV
L Pala-w) =& x €

(b) By solving the differential equation, show that  —y

The container is initially empty.

V=4 +Be¥, 0 (-kv)= -¥kt - k<

-kt -k
giving the values of 4 and B in terms of £. 20-kVv =€ s
b e_hb D

Given also that ﬂ =10 whent7=35,

dr 2o — v =De

(c) find the volume of liquid in the container at 10 s after the start.

................................................................................................................................................................

................................................................................................................................................................



