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1. (a) Write cosf + 4sinf in the form Rcos(6 — a), where R and o are constants, R > 0
T . . . .
and 0 < a < 3 Give the exact value of R and give the value of a in radians
to 3 decimal places.
3
(b) Hence solve, for 0 < 8 < m, the equation
cos26 + 4sin26 = 1.2
giving your answers to 2 decimal places.
(C))
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Number
1(a) cos@+4sinf = Rcos(0—)
RNT I d =TT BI
a = arctan 4 = awrt 1.326 MI1Al
3)
(b) 1.2 Ml
V17 c0s(20 —1.326) =1.2 = cos (20 —1.326) = Nl
=(20-1.326)=+£1.275. =0 =... dMl1
6 =awrt 1.30 or awrt 0.03 Al
20—-1.326="1.275..."..and '—1.275..." ddM1
= 6 =awrt1.30and 0.03 Al
)]
[8 marks]
(a)

B1 For R= \/ﬁ . Condone R = J_rx/ﬁ

M1  For a =arctan(+4) or a = arctan(i%j leading to a solution of «

It is implied by « =awrt 76° or awrt 1.3 rads

Condone any solutions coming from cosa =1,sina =4

If R has been used to find & award for only « = aI'CCOS(-_F 'LRJ a= arcsin(i %)
Al o =awrt 1.326
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1.2

M1  Using part (a) and proceeding as far as cos (26 = their1.326) = o
eir

Condone slips on the 1.2 and miscopying their 1.326

This may be implied by (26 = their1.326) = arccos[ 1.2 ]

their R
Condone for this mark cos(6 = their1.326) = ——=—or cos(26 +2 x their1.326) = 1'_2
their R their R
but 2cos (6 = theirl.326) = 1"2 is M0 and hence dMO.. .etc
their R
dM1 Dependent upon the first M1. It is for a full method to find one value of @ within the range 0 to
from their principal value. Look for the correct order of operations, that is dealing with the "1.326"

before the "2". Condone adding 1.326 instead of subtracting.

c0s(20 % their1.326) = ... = 20 & their1.326 = = =2 = heir1 326

2
Al awrt 8 =1.30or 6 = awrt 0.03 Only allow 1.3 if it is preceded by an answer that rounds to 1.30

ddM1 For a correct method to find a second value of 6 (for their « ) in the range 0 to 7.
Eg 20+£1.326="-p'=60= OR 20+1.326 =27 +"'p'= 6 =THEN MINUS 7=

Al awrt 0 =1.30and 0 = awrt 0.03 . Only allow 1.3 if it is preceded by an answer that rounds to 1.30

Withhold this mark if there are extra solutions in the range.
Degree solution: Only lose the first time it occurs.

FYL In degrees only lose the first A mark awrt (a) & =75.964° and (b) 6 =74.52°,0, =1.44°
Mixing degrees and radians only scores the first M in part (b)

Answers without working.
If \/ﬁ cos (20 —1 .326) =1.2 is written down then all marks are available. (3 marks for one correct answer)

If there is no initial statement then score SC B1 B1 then 0,0, 0 for a maximum of 2, 1 for each solution.
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2. A curve C has equation
X3 —4xy +2x+3y2-3=0

Find an equation of the normal to C at the point (=3, 2), giving your answer in the form
ax + by + ¢ =0 where a, b and ¢ are integers.
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Number Scheme Marks
3 2 2 dy dy =1
2. x —4xy+2x+3y° -3=0=3x —4xa—4y+2+6y520 Bl Ml Al
. dy 7
Substitute (-3,2) —=—=|-——
ubstitu ( ) o ( 8) Ml
Uses gradient of normal = — !
dy dM1
dx x=-3
y—2=§(x+3):>8x—7y+38:0 M1, Al
[7 marks]

B1

Ml

Al

Ml

dM1

Ml

Al

Applies the product rule to —4xy —4xy — —4x% —4y

Accept exact alternatives such as —4xy — —4(x% + y) and allow if recovered from poor

bracketing. You may see —4xy — —4xdy—4y dx

Attempts the chain ruleto 3y* — Ay%
You may see 3y* — Aydy

For correct differentiation on x* +2x+3y* =3 =3x" +2+ 6y%

You may see x° +2x+3y? —3 = 3x*dx+2dx+6ydy

Substitutes (—3, 2) into a differentiated form and attempts to find a numerical value of d_y

It is dependent upon the differentiated form having exactly two terms in % , one from —4xy

and one from 3y?If the candidate attempts to rearrange and collect terms before substituting you

may condone poor algebra.
Attempts to find a numerical value to the gradient of the normal. It is dependent upon the previous

method mark and finding the negative reciprocal of the value of %

x=3
Correct attempt at the form of the normal at (—3, 2) Eg. y—2 = their “—l"(x +3)
m

Condone one sign slip on the —2 or the +3. Condone, for this method, answers from poor

differentiation (eg just having one% term). This mark is for the method of finding the equation of

a normal. If the form y =mx+c is used it is for proceeding as faras c = ...
8x—7y+38=0 Allow k(8x—7y+38 = O)Where k is an integer
dy dy

Note that the error —4xy — 4xa— 4y can lead to e oo which in turn gives a normal of y =2

This can potentially score BO M1 A1 M1 dM1 M1 AO for 5 out of 7




Autumn 2018 www.mystudybro.com Mathematics C34

e Past Paper This resource was created and owned by Pearson Edexcel WMAO02
( )R
Leave 55583
blank 2:2:2:
: &L
3. Given s
3@&&&

0ou?
20te%e!
2R
RSB
SRR
2R

%

N
25
%0098
‘Y %

KL

cos#° = p, where p is a constant and #° is acute

<>
2%
%
<X
RS

use standard trigonometric identities to find, in terms of p,

(a) secH®
1

(b) sin( — 90)°
(2)

(c) sin26°
3

6
XX
00!

090

55

XX
XK
%
030 %
<

X
0

X
XX
5

Write each answer in its simplest form.

KKK

OO
120%%%
30383

%

0%

:’
<5
CRRLKRS

0%
KK
9%
02020 %%%

XK
KK

00090,

S

X

»é’;&gé

ERRRX
X

X
553
X

O
o0 %%

O

S5
: R g
XX RIRXRH

SO0 0.0 >
AR
(00,00, °
CHXRXN
5

%
R
KK
K5
ZRLRLS

o20%0%s
<K
K
dote%s
X
<

00RR
2RILREE
QLR
Dosesesesetes
SRS
SRRREIRE
RRKRS

9%
%

%!
oS
oS
&S
5
25

%
$99%%
LKL

<>
%

%
5

K
2%
S00es
RS

Potetese!
2%
255
258
SR
bt

<5
88
55
9%
oo
XXX

358
S
5%
255
S5
XS
S

e
5
oode
o
5

<&
X
&
%
25
R

XX
Se%
KX
Y%

%3

X X

o
oFetel
pSES
XIS
XK
P

X

%9
5
X

00000 %
RLLREKS
SRR

0.0
0o
096%%
3%%&%6“
e
s

9058

255
Q5K

255
355
SR8
RKS

<>
%3

%
5

00
RS
RRKS
RS

<
XK
0%
K
25
XXX

,
|\
X

%&p
%p
Qp

%

— R 00 Al
P 5 3 7 8 9 A 0 6 4 8



Autumn 2018

www.mystudybro.com Mathematics C34

Past Paper (Mark Scheme) This resource was created and owned by Pearson Edexcel WMAO02
Question
Number Scheme Marks
3 secld® = L 1 oe B1
(@) cosf° p
@)
(b) sin (6 —90)° = sin 6°cos 90° — cos #°sin 90° = —p MI1Al
(2)
(©) sin26° = 2sin 6° cos H° Bl
Uses sin@° =+/1-cos’ 8° =/1- p* ,=sin20°=2p,/1- p’ MI, Al
3)
[6 marks]

(a)
Bl

(b)
M1

Al

(c)
Bl
M1

Al

sech® = 1 Accept secl° = p'
p

Attempts sin (6 —90)° =sin6°cos 90° + cos °sin 90° with cos6° = p used

Alternatively uses sin(6—90)° = —sin(90—6)° = —(sin90° cos 6° — cos 90°sin 6°)
with cos@° = p used

Similarly sin(6—90)° = —sin(90—6)° = —cos6° with cos6° = p used

Or sin (6 —90)° = sin #°cos—90° £ cos #°sin—90° with cos° = p used
sin(6—90)°=—p.

Allow —p for both marks as long as no incorrect work is used to generate this answer.

States sin260° =2sin#°cosf° or sin260° =sinH°cosH° +sinH° cos H°

Attempts sin® @+ cos” @ =1 in part (c) withcos@° = p to get sin@° in terms of p.

Only accept sin #° =1— p if a version involving squares has been seen first.

Allow sin® @+ cos® @ =1=sin = /I— p as a slip. (We have seen the Pythagorean identity)
You may see an attempt using a right angled triangle. The same scheme may be applied.

sin 20° =2 p./1- p> but NOT sin26° =+2p./1- p’

or equivalent such as sin26°=2,/p’—p*, 2p [(1+p)(1-p)or 4p* -4p"

Final answer (do not isw here).
sin20° =2p\/1- p* =2p(1-p) is Bl M1 A0

Alternatively attempts to use sin” 20 +cos> 260 =1 and cos26 =2cos’ 6 -1

sin20 =+1-cos*20 = \[1-(1-2p* )’
Usually /4p”> —4p* via this method
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4.
YA
M
>
) A X
Figure 1
Figure 1 shows a sketch of part of the curve with equation y = 8X — xe**, x > 0
The curve meets the X-axis at the origin and cuts the X-axis at the point A.
(a) Find the exact X coordinate of A, giving your answer in its simplest form.
2
The curve has a maximum turning point at the point M.
(b) Show, by using calculus, that the X coordinate of M is a solution of
1 8
X=—In| ——
3 \1+3x (5)
(c) Use the iterative formula
1 In 8
x  ==In| ——
o3 1+ 3x,
with X, = 0.4 to calculate the values of X, X, and X,, giving your answers to
3 decimal places.
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Number Scheme Marks
4 (a) Sets 8x—xe** =0
:>e3x:8:>3x:1n8:x:%1n8:1n2 MIA1
2)
(b) d—y=8—(3xe3x+e3x) MI Al
dx o T
dy 3
Setsa=0:>(1+3x)ex=8 M1
NP . B dM1, Al1*
B (l + 3x) 3 1+3x ’
(3)
X —lln L = awrt 0.430 MI1Al
© 173 M 1+3%04 )~ '
Xy = awrt 0.417, X3 = awrt 0.423 Al
3)
[10 marks]
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(a)
M1 Attempts to solve e’ = 8 using a correct order of operations. (Eg. some may take VA first)
Allow for 3x =In8 Condone a slip on the 8. It may be implied by answers awrt 0.693

1
Al x=1In2 Note that x = ElnS is M1 AO

(b)
M1 Attempts to differentiate the —xe>“term to +Axe™ + Be’* using the product rule.
If the rule is quoted it must be correct.

Al  Correct derivative % =8— (3xe3 e ) with correct bracketing or % =8—3xe> ¥ =¥
MI1 States or sets % = 0 (which may be implied) and takes out a common factor of S reaching a form
3x 3x
+ = =
(t.)eF=.ore =)

dM1 Dependent upon the both previous M's, it is scored for using correct In work, moving from

(...i...)e3x —.=>x=or =" _—5x=

(..%..)

Al* Reaches x = lln( i ] , X = l111 (%} or x= lln oe with correct work and no errors
x

3 1+3x 3 3 3x+1

or omissions (See scheme for necessary steps that need to be seen)
d . S d
ay =8- (3xe3x + e3x) = 3xe¥ +e¥ =8 isan example where there is missing step. (No ay =0)
d_y _ 3x, 3x _ 3x _ . . el

=0=>3xe"+te =8> e = is also an example where there is missing step. ( No
dx 3x+1
attempt to show the factorised line (1+3x)e’* =8)
dy 3

3x, 3x 3x
— = =+ = . =
0= 3xe™ " +e 8=3x+1e E8=>e Il

missing bracket (for factorisation)

is also an example where there is a

If the first M1 isn't scored for an attempt at the product rule a special case MOAOM1dMO A0 may be

awarded for setting their % =0 and proceeding to a form e =..
. d_y _ 3x . . 3x -
For example, if e 8—3xe’" it would be for proceeding to e = 3
(c)
M1 Calculates x; from the given iterative formula. May be implied by %ln [ﬁ] or awrt 0.43

Al awrt 0.430 Allow answer written as 0.43
Al awrt x, =0.417, x;=0.423. NB. The subscripts are not important.
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(a) Find the values of the constants A, B and C.
C))

(b) (i) Hence find | f(x) dx.

(i) Find the exact value of | f (X) dx, writing your answer in the form p + Ing,
0

where p and ( are constants.
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5. (a) 4x* +5x+3=A(1-x) + B(x+2)(1-x)+ C(x+2) Bl
Sub x=1 C=4 M1
x=-2 = A=1 any two constants correct Al
Coefficients of x°
4=4-B = B=-3 all three constants correct Al
“4)
1 3 4 -1 _ —x)"
. _ + dx = n(x+2)+3ln(1 X)+4(1 x) (+C) o¢c M1 M1 Alft
(b)(l) J[(x_,’_z) (1_x) (1_x)2j LTS
1
2 2 L
(i) j 4x+—5x+12dx:[1n(x+2)+31n(1—x)+4(1—x)1}2
0 (x+2)(1—x) 0
5 1
= ln5+3ln§+8 —(ln2+3lnl+4) M1
5.1
2 2 M1
=In| ——— |+ ...
2
5
=4+In| — Al 6
& ©
[10 marks]
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(a)
Bl  Writes 4x? +5x+3=A(1-x)" +B(x+2)(1-x)+C(x+2)
This may be implied by the sight of two equivalent fractions or via work leading to the constants
M1  Substitutes x =1 or x =-2 or equivalent and attempts to find the value of one constant.
It can be scored after scoring BO.
Eg condone the use of 4x? +5x+3 = A(1-x)" (1-x)+ B(x+2)(1-x)+C(x+2) or similar
Alternatively attempts to equate coefficients of x°,x and constant terms to produce and solve
simultaneous equations to find the value of one constant.
Al Any two constants correct
Al All three constants correct
(b)()
A B
M1  For ———>.In(x+2) and | — > ..In(1-x)
x+2 I-x
M1  For .[ ¢ 5 —.(1-x)"
(1-x)
Alft All three of their integrals correct, following through on incorrect constants (but not zero's)
There must be some attempt to write in the simplest form. (Cannot leave — — 4(1— x)_1 for instance)
(b)(ii)
M1  Substitutes both x :% and x =0 into their answer for (b)(i) which involves Ins and subtracts
(either way around).
M1  Uses correct In work to combine their In terms
Al

cao =4+In (3%) Note that the decimal equivalent 4 +1n 0.15625is correct
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Leave\
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. . . 1
6. (a) Use binomial expansions to show that, for |x| < 3
()
. 1+ 2X 1
(b) Find the exact value of ,/—— when X = —
1-x 10
Give your answer in the form k3 , where K is a constant to be determined.
0y
: 1. S .
(c) Substitute X = 0 into the expansion given in part (a) and hence find an approximate
value for /3
. . a .
Give your answer in the form 3 where a and b are integers.
2
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6. (a) { 11+_2xx }— (1+2x)2(1_x) 2 Bl
1)1
:( +(—j( x)+(2)( 2) (2x)2 + ...}{1 +(—lj(—x) ) )( x)* + J Ml Al
2 2! 2
:[1+x—%x2+...jx(l+%x+ %x2+...] Al
=1+lx+§x2+x+—x2 x>+ M1
3 >
=1+ Ex +=x Al *
(6)
1+(5)] _2
(b) [— ==3 Bl
() 3
ey
© :
Sub x:L:>"k"\/_:1+§(ij+E € M1
10 2\10) 8\10
2769
SO, 3 —— Al
3 1600
()
[9
marks]
1 1
Alt 6. L+ 2x =1+§x+§x2:>(1+2x)5= (1+§x+§x2j(l—x)2 Bl
(a) 1—x 2 8 2 8
1y(_1 1)1
= (1 +(%J(2x (2);! 2) (2x)2 +.. J =(1 + %x + gﬁj(l +(%J(—x)+—(2);! 2)(—x)z - X[ll Al
= (1 +x ——x +. ) (1 +§x +§x2j(l —lx— lx2 + j
2 2 8 2 8
:>(1+x—lx2+ j 1+x—%x2 Hence true MI1A1*
(6)
(a)
1 1
Bl For writing the given expression in index form (1 + 2x)?(1 - x) 2 It may be implied by working but

it must be a form that can lead to the answer.
1

Do not allow ﬂ for this mark unless the expanded (1 — x) 3 is subsequently set with index -1
(1-x)2
M1  Score for the form of the binomial expansion with index % or —%
1) 1 1Y 3
Eg_|, +[;j(**x)+(2J£!_2j(**x)2 +. | 9T =1 +[—;j(**x)+(_2)2[!_2j (*x) +...
Al Correct unsimplified form for one expression
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Al The correct simplified form for both expressions seen.
This mark may be implied if a correct final expression is found following correct working.
There doesn’t need to be an implication that these expressions are to be multiplied.

M1  For multiplying terms in the first expansion by terms in the second expansion.
Expect to see an attempt to find the six terms required to produce the given solution. Allow terms in
x> and greater to be seen which don’t need to be correct.
Follow through on their expansions but condone "changes" in an attempt to reach the given
solution. (See Practice Items)

Al*  Correct solution only = 1+ %x + %xz

(b)
2 2 .
B1 3 3 or statement kzg seen in (b)
(c)
2 2 )

M1  Sub x=Lint0 both sides of (a) :>"k"\/§:l+g 1 +E RS or 1+710 :1+§ 1 +§ 1

10 210 8\ 10 1_110 2\10) 810

Do not allow k=1
9 . 1600 . . 2

Al V3~ or exact equivalent. Condone /3 ~ 3 which follows (b) = —

NG

You may see a variety of solutions to part (a). Please consider carefully when marking.
Example: Mark in this order

- 2

: : . *x )2 *x o7 o *x ’
M1: For one attempt at the binomial expansion |1+ " =1+—x + 3
X

B1:

—

condoning slips on the bracketing

2 PRale :
Al:  Completely correct intermediate form. £1+ 3x j :1+l>< 3% +2 5 2[13x J
- X — X

MI1: For asecond use of the binomial expansion. It is dependent upon a correct first use.
1
k-2

*x )2 *x a1 *x 2 *x *x?
@+ J zhuzxﬂ—x)-—?rﬂ—x) :u"5x0+x+uﬂ)—?rx@+ex+3f»

1-—x

Expect to see a correct use of the binomial expansion in both TERMS.
1

B 2
Al: @+—*x}2=1+%;x@-aﬂl—9g U—xy2=1+%;xﬂ+x+“)—

1—x

2

9; ><(1 +)

Al: =l+§x+§x
2 8
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dy  2sin2x
7(3) y—ln(l—COSZX)ﬁa—m MI1A1l
dy _ 4sinxcosx _ 4sinxcosx _ > cot x
dx 1—(1—25in2x)’ 2sin? x M1, Al
C))
1
b 2cotx =23 = tanx=—
(b) NG
x—arctan(ijznc—z MI1Al
B 6
2 1
y=ln[1—cos(%jj=ln5 or —In2 MIAl
“4)
[8 marks]
) dy 4sinxcosx
7 (a)alt I | ¥ =In(1-cos2x) = y =In(2sin x):>a=.—2 MI1A1
2sin” x
:szcf)sx:zcotx Ml,Al
dx sin x
“)
7 (a)alt _ ) _ ) dy _ . 2cosx
I y=In(2sin x):>y—ln2+21ns1nx:>dx—0+—sinx MIAI
DO cotx M1, Al
dx sin x
(C))
7 (IaI)Ialt y=In(l-cos2x)=> e’ =1—cos2x = ¢” % = 2sin2x MIA1
Then as main scheme M1, Al
(C))
(a)
. . dy =*Asin2x
M1  For differentiat =In(l-cos2x)to —=———
or differentiating y = In(1- cos 2x) to o I—cos 2x
dy  2sin2x
Al —_—=
dx 1-cos2x o°
M1  Uses the double angle identities sin2x =2sinxcosx and cos2x =1—2sin* x
The double angle for cos2x may be implied by sight of "1—1— 2sin® x" on the denominator as we
can condone the missing bracket.
Al Simplifies to show that = % = 2 cot x showing at least one correct intermediate line between
4si 4si 2
dy _ SINXCOSX 4 5oty usually smx;osx o c'osx
dx 1—(1—2sin2x) 2sin” x Sin x
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In the alternative versions the double angle identity (or identities) are seen before the differentiation.

For example.
(1) This one shows incorrect differentiation and is scored MO A0 M1 A0

y=1n(1—0052x):>y=ln(2sin2x):>d_y= 12
dx  2sin? x
(i1) This one can be awarded the method mark for differentiation and is scored M1 A0 M1 A0

y=In(l-cos2x)=> y= ln(2sin2 x)= d_y= w= cot x

dx 2sin” x
The two accuracy marks are linked and cannot really be awarded separately M1 A1 M1 A0 would be
difficult to score via this method.

(b)
1
M1  Uses cotx= and proceeds to find x
tan x
T . . St
Al x=—. Ignore additional (incorrect) values such as x = T3

Do not accept 30° for this mark. Do not allow this for candidates who guess k =2
M1  Substitutes their value of x in y =In(1—cos2x)

2
Do not allow this for candidates who guess k =2

|
Al For y=In— or —In2 following x=%or 30°

Withhold this final mark if there is another value (x, y) given within the range
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8. (i) Find | xsinXx dx
3)
(i) (a) Use the substitution X = secf to show that
2 jad
1 3.,
l-— dx=| tan“6 dé
1 X 0 &)
- — dx
“4)
\_ J
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8(i) J‘xsinxdx=—xcosx+.|‘cosxdx M1
= —xcosx+sinx (+c) dM1A1
3)
(ii)(a) dx =secftanddb B1
2 ud
1 3
I I-— dx=I V1-cos? @ secOtan0do
1 X 0
i i
| 3 sin20x——tanodo=| >tan? 0 do MI AT*
0 cos @ 0
3
1
(b) j 1——2dx=j tanzedézj (sec’0-1)d6 = tan6 -0 M1Al
X
? 1 n T) T T
1-—dx=[tanf-0] 3 =tan| — |- = =3 -= dM1A1
J‘l xz [ ]9:0 ( 3 j 3 3
)
[10 marks]
(1)

M1  Attempts integration by parts the correct way j‘ xsinx dx=£xcosx=* J. cosx dx

dM1 Integrates again to I xsinxdx=xxcosxtsinx (+c¢)

Al = —xcosx+sinx (+c) with no need for + ¢

= —cosx.x +sin x (+c) can be accepted

Note that international centres sometimes teach a "tabular method" "D-I method"

If there is no evidence of an intermediate line, a tabular method, or integration by parts score

Diff Int
+ X sin x
- 1 —COSX

AN

—sinx

M1 dM1 Al for a fully correct answer
AND MO0 dMO AO for an incorrect answer




Autumn 2018 www.mystudybro.com Mathematics C34

Past Paper (Mark Scheme) This resource was created and owned by Pearson Edexcel WMAO02
(ii)(a)
Bl dx =secAtan #d6 or equivalent. Eg accept % =secHtan
. . 1 . . . 1 tan@ 2 1
M1  Substitutes x =secf into |1—— and simplifies to siné, , or \/sin“@ 5
2 cosecd secl cosec 6
tan’6 _, . T 1
-— This may be implied if the 1——2 has been adapted
sec”d X
Al*  Completes proof.
This is a show that question and you should expect the secd to be either replaced by ﬁ or allow
to be cancelled as seen below
tan @
I MY secd tan HdHZJ‘ tan’ 6 d0
sect
Expect to see the correct limits and correct notation within their solution. (Condone incorrect
notation in jottings/working at the side of their solution)
The limits can just appear without the need to see calculations.
A notational error is tan® @ being written tan 6 without a bracket
It is possible to do this question from rhs to lhs but marks in a similar way.
(ii)(b)
Ml j tan’0dé = I (£sec’0+1)d0 = +tanf+ 6
Al J. tan’0d@=tanf -6
dM1 Uses the limit(s) % (and 0) in a function of the form *tand+6
Al

cso 3—E
3
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9. Arare species of mammal is being studied. The population P, t years after the study
started, is modelled by the formula
L
4
P = -EzS%SESi-— » 1€ H@, t ;? 0
et —1
Using the model,
(a) calculate the number of mammals at the start of the study,
1)
(b) calculate the exact value of t when P = 315
Give your answer in the form alnk, where a and K are integers to be determined.
C))
dpP
¢) (i) Find —
(c) (@) &
(i1) Hence find the value of o when t = 8, giving your answer to 2 decimal places.
! @)
J
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Number Scheme Mok
9(a) | P=450 B1
e))
1
4 L
(b) 315= 2007 4sev'=315 Ml Al
et -1
1
=e4=T7=t=4In7 MIAI
)
lt lt ll‘ 3 ll‘
3e4 —1|x225¢4—-900e*x e * 1,
) dp 4 —225¢ 4
(©)@) W , 5 = VY MI1A1
[3e C 1J (3e i —1]
(3e2 —1)><225e *_900e xS e 2
(ii) e R R MIA1
de |, (3¢ -1) (3¢ -1)
4)
[9 marks]
(a)
Bl  (P=)450
(b)

1

M1  Substitutes P =315, cross multiplies to reach a form Ae 7= B oe
1 1 1
Al 45¢ V=315 or equivalent such as e =7 . Note ¢ * =%is correct

1 1
Ml e'=D (D > O) = ¢ =... using In's. Allow equivalent working frome i'= E,E>0

1
Equivalent work may be seen. In45+ Zt =n3l5=1¢=..

315
Al t=41In7 or equivalent such as r =21n49, In2401 butnot ¢=4In (4—5j (Scheme requires alnk )
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(©)()

1 1

1

—t

4 —t
900e with # =900e 4 ,v=3e 4 —1 toreach an

M1  Attempts to apply the quotient rule on P =—
3et -1
expression of the required form (see below). Condone slips on the coefficients.
1 1 1

1 1 1 1
[3e n —1} Ae * —900e “'x Be *
Score for — = "
dt LY
3e4 -1

Award this mark if the candidate incorrectly multiples out before writing down their i
t

A,B>0

1 1 1
1 | 1 | [3e 4 —1}<2256 Y 675¢ ¢
—t —t 3 —t dP

—¢
u=900e4 ,u'=225¢4,v=3e4 -1V="e4 =>—= -
4 de 1,
3e4 -1

1 1 -1

-1
7t 7t —
Alternatively applies the product rule on 900e 4 x| 3¢ 4 —1| or chain rule on 900(3 —e 4t]

| | -1 11 | -2

~t ~t o
For the product rule look for Pe 4 x[ 3e4 —1| £Qe4xe4|3e4 —1| oe

1 1 1 1
~t —t R T
(36 4 —IJX225C 4-900e * xze 4

dP
Al ’m = : 5 which may be left unsimplified.
3¢t — lj
1 1 -1 A -2
dpr —t —t —t —t . . .
5 = 225¢4 x| 3e4 —1| —-675¢4xe4|3e4 —1| which may be left unsimplified.
(c)(i1)

M1 Substitutes ¢ = 8 into their (;—Pand calculates a value for i—P
t t

Al —3.71 only. Note that this is not awrt
If the candidate subsequently writes 3.71 this is A0
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10.
y4 '
B i
>
O A : X
X =3
Figure 2
Figure 2 shows a sketch of part of the graph with equation y = g(X), where
g = X4 yeR, x<3
X—=3
The graph cuts the X-axis at the point A and the y-axis at the point B, as shown in Figure 2.
(a) State the range of g.
ey
(b) State the coordinates of
(i) point A
(i) point B
(2)
(¢) Find gg(Xx) in its simplest form.
3)
(d) Sketch the graph with equation y = |g(x)]|
On your sketch, show the coordinates of each point at which the graph meets or cuts
the axes and state the equation of each asymptote.
3)
(e) Find the exact solution of the equation |g(X)| =8
3
. J
32
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Nllllerfﬂ;(e)? Scheme Marks
10 (a) y<3 B1
1)
. 4
(b)(i) [E, OJ B1
4
.. 0,~ B1
(ii) ( 3)
(2)
3x-4
3x -4
_ 3(3x—4)-4(x-3) 5x
_ x—3
c X)= = =—=X M1dM1A1
R T O Wi | R
x-3
, 3)
(d) i
: Shape | Bl
1
1
y=3 i Intersects y - axis at (O, gj meets x- axis at (%,0) BIft
_________ L.
i
: symptotes at x =3 and y =
| 3)
: x=3
i
-4 2
© | :—8:>3x—4:—8x+24:>x=1—§ MI1dMI1A1
x —_—
3)
[12 marks]
(a)

Bl  Accept y<3, g(x)<3, g<3, —0<y<3 (-x,3)

(b)(@)

B1 (g, Oj Allow candidate to state x = %, y=0 orstate x = %, g(x)=0

(b)(i)

4 4
B1 (0,%} Allow candidate to state x=0,y = 3 or state x =0, g(x) = 3

4 4
SC: For candidates who in(i) write just x or 4 = gand in (i1) write just y or B = 3 score B1 BO SC

This SC should also be used for candidates who embed the values. So for example in (i) show

3x—4
x—3

(i) y=0

0=

(©)

oy =§and in (ii) show y =

3x0-4
0-3

4 ) .. o
=>y= Eas there is no explicit statement in (i) x =0 and
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3x -4
M1  Attempts to substitute g into g. gg(x)=3xx_;43 is sufficient
-3
x-3

D 5 5
An alternative is using g(x) =3+——=gg(x)=3+—F——

x-3 5
3+—--3

x-3

dM1

Al

(d)
Bl

Blft

Bl

(e)
M1

dM1

Al

Multiplies by all terms on the numerator and all terms on the denominator by (x — 3) to form a

) ax+b
fraction of the form
cx+

Condone poor bracketing

gg(x)=x

Correct shape with cusp (not a minimum) at 4. The curve must appear to have the same asymptote
as the original curve (at x=3and y =3 ) It should have the correct curvature on the rhs and not
appear to bend back on itself

Intersects y - axis at (0, %j and meets x- axis at [%,OJ .

Follow through on coordinates from (b). Allow this to be marked 4, B as long as the coordinates of
A and B were correct.

Gives the equation of both asymptotes as x =3and y =3

For writing down a correct equation leading to a solution of | g(x)| =8

2
374 _ g oesoallow — > dog, XA _g 3x=d g3 s
x-=3 x-3 x=3 3—x x=3

Allow

Solves an allowable equation (see above) by cross multiplying, collecting terms to reach x =..
3x-4 -3x+4

=8=

x-3 -x+3

Do not allow a candidate to score this mark from — =8 This scores M1 MO

x—ﬁoeeonl
11 y

If both values are found —— 4 =18 =x= 4,% then this mark is scored only when "4 " is deleted

x-3

28.
or HIS chosen as the answer

Solution from squaring in (c)

Ml:

dM1:

2
(3x—4) 64
x=3

= Ax” + Bx+ ¢ = 0 and solves by usual methods
FYI the correct quadratic is 55x° —=360x+560=0 = (11x-28)(x—4)=0

Al: Selects x =%
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11.

Leave )
blank

Relative to a fixed origin O, the line | is given by the equation

2 -1
Il: r=| 3|+1| 4
-1 3

where 4 is a scalar parameter.

The line |, passes through the origin and is parallel to I,

(a) Find a vector equation for |,

(2)
The point A and the point B both lie on |, with parameters 4 = 0 and 4 = 3 respectively.
Write down
(b) (i) the coordinates of A,

(i1) the coordinates of B.

2)
(c) Find the size of the acute angle between OA and I,

Give your answer in degrees to one decimal place.

3
The point D lies on |, such that OABD is a parallelogram.

(d) Find the area of OABD, giving your answer to the nearest whole number.

(&)
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0 -1
11 (@ [/ r={0|+uy 4 MI1A1
0 3
2
(b)) | 4=(2,3,-1) Bl
(i) | B=(-1,15,8) B1
2
2 -1
() Uses a correct pair of gradients a=| 3 |and b=k| 4 |orviceversa | Ml
-1 3
ab= ‘aHb‘cos@ = 2+12-3=1426 cos @ = 6 = awrt 68.5° dM1, Al

(&)

@) | 4B=+3*+122+9> OR AB=3x'/26" Ml

Area = '0OA4x ABxsin(c)' = 14 x3/26 x sin 68.5° = awrt 53(unitsz) MIAI
3)
[10 marks]
(a)
-1 0
M1  Scored for the rhs of the equation with gradient kx| 4 | and containing the point | 0 |.
3 0

0 -1 X -1
Al Correct equation with lhs r=| 0 [+ | 4| oesuchas| y |=u| 4
0 3 z 3
-1
Allow for gradient any multiple of | 4 | Allow with any scalar parameter inc A .
3
1k -1
Condone another constant appearing so r =| —4k |+ u| 4 |is acceptable
-3k 3
X
It must be an equation so r =or | » |= must be on the lhs
z
(b)()
Bl A= (2, 3, —1) Accept in vector notation
(b)(ii)
B1 B= (—1, 15, 8) Accept in vector notation

(c)
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M1  Attempts to use a correct pair of gradient vectors. Eg uses their @ =| 3 | and their b=k| 4 |or
-1 3

dM1

Al

(d)

Ml

Ml

vice versa, Condone one sign slip only
Correct method for finding acute angle from a.b = |a| |b| cosé

Expect to see an attempt proceeding to cosd =... condoning one slip on a.b and an attempt at
squaring and adding for |a| & |b| If there is no method shown for |a| 0r|b| then expect at least one to

be correct. It is dependent upon the previous M
0 =awrt 68.5° Note that 1.2 is the radian answer and scores AO.

Allow awrt 68.5° coming from 180°—111.5°

-1
Uses a correct method of finding distance AB Accept \/(x - X )2 +(y-n )2 +(z-z )2 or 3x| 4
3

Uses a correct method of finding the area of OABD
Accept 'OAx ABxsin(c)' or two triangles

Note that 'O4x ABxsin(180—c)'= /14 x3/26 xsin111.5° = awrt 53(units2) is also correct

awrt 53 Accept the exact answer 9v/35 and then isw

Eg by finding the perpendicular distance between 4B and OD

Ml
Ml

Al

Uses a correct method of finding distance AB
It must be a full method. The values are given for a check. (It is a method mark!)

Sets up a point C on /, with coordinates (2—4,3+44,-1+31)
Uses the fact that OC and AB are perpendicular

2—-4 -1
3444 || 4 |20 a=-L
26
—-1+34 3
Finds point C = 5—9,£, —4—7 and hence distance OC = ﬁ
26 13 26 26
And then multiplies AB by OC
AWRT 53

Note: It is possible to find the area by finding the perpendicular distance between 40 and BD
Please scan through the whole response and mark M1 dM1 Alwhere the first M is a full method to find the
perpendicular distance.

Similarly, it is possible to attempt AOx OBsin AOB Use the same scoring as above. M1 dM1 Al
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12.
yA
R >
A\O B X
Figure 3
Figure 3 shows a sketch of part of the curve C with parametric equations
X=T7t2-35, y =19 —t?), teR
(a) Find an equation of the tangent to C at the point where t =1
Write your answer in the form ax + by + ¢ = 0, where a, b and ¢ are integers.
)
The curve C cuts the X-axis at the points A and B, as shown in Figure 3
(b) (i) Find the X coordinate of the point A.
(i1) Find the x coordinate of the point B.
3
The region R, shown shaded in Figure 3, is enclosed by the loop of the curve C.
(¢) Use integration to find the area of R.
)
. J
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Qu 12 t=1=>x=2,y=
= =2,y= 8 B1
(a)
d)/ 2
%=dx_dt=% MI1Al
Y

Equation of tangent is y—8 = %(x -2) Ml

3x-=7y+50=0 Al
5)

(b)(d) | AtA4, x=-5; Bl

(ii) y=0 = t(9-£)=t(3-1)(3+1)=0
t=0,3,-3 M1
At1=3, x=7(3)' -5=58 or (Atr=-3, x=7(-3) -5=53)

At B, x=158 Al
3)

(©) ydxzjyﬂdzzjt@—ﬁ)mtdz M1

dr
= [(126¢ —14¢" ) de Al
3 5
IV Goy (ma2r -2 (+0)) M1
3 5
12660 146
Either ZX{ T s } :2x(42x33—2.8x35)=907.2 ddM1 Al
0
3 573
Or {12361 _1‘;’ } = (4223 -2.8x3°)—(42x(-3) - 2.8x(-3)") =907.2
-3

5)
[13 marks]
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(a)
Bl Att=1=x=2, y=8. Score if (2,8) is used in the tangent equation
v Y
M1  Attempts ay = dx—dt . Condone for this mark slips in attempts at multiplying out t(9 - tz) before
dt

differentiating or slips in the product rule (eg bracketing errors) but do not allow % =1x-2¢t
dy  9-3¢2 .

Al o 14 or exact equivalent.

M1 A valid attempt at a tangent to Catt=1 Allow y—"8"= “%"(x -"2 ")

Al Allow k(3x—7y+50=0)where k is an integer

(b)

Bl A=(-5,0) Allow x=-5 and 4=-5

M1  For attempting to solve t(9 — t2) = 0to produce a non zero value for # and substitute the value into
x=7t"-5

Al B=(58,0) Allow x=58 and B =58

(c)

M1  Attempts area = j y%dt . Do not be concerned with limits

Al Area = _|.(126t2 —14¢* ) dr . Do not be concerned with limits but it must be multiplied out
Alternatively (rare) accept jl4t2 (9 —tz) dt by parts with 1’ being one of 14¢”or (9 — ) and v being
the other

M1  Integrates to a form A¢’ + Bt’ (+c) . Condone slips on the coefficients only

ddM1 A full method to find the area of R using their limits. Accept either 2 x []Z or []i3
Dependent upon both M's

Al 907.2 (units®) or equivalent 4536/5
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Attempts made from a Cartesian equation:

(a) Allow slips, but the M1 should be awarded for an attempt at the product and chain rules on functions of

!
the typey=,/x;5 (9—x;5j or y= (x:;-)z x(587_x)

1 3

. ) . 9 ! 3
the ch 1 funct fthist —(x+5)2———(x+5)2
or the chain rules on a function of this ype\ﬁ(x ) 7ﬁ(x )
1 1
dy 9 n 3 1 dy (x+5)7 (58—x) (x+5)5
Al Scored for & =2 (x15)2- 5o Y _
cored for s 2\/7(x ) 14\/7(x )2 or S i x - 7 oe
(c)
Alt I x+5 x+5 1 3
dx = 99— ,= 5 - 5)2 dx MI1, Al
(©) Jy J\/ 7 [ 7) J (res): 7ﬁ(x+) ’
3 2 5
Cartesian T( ) —35 7(x+5)2 M1
6 3 5 58
2x| —(x+5)2 — +5 =907.2 ddM1 A1l
e
1 1
Alt T1 : (x+5)2 (58-x) . (58—x) dv (x+5)2
© Via parts :J 7 X - dx with u= 5 a= 7 MI1, Al
3 5
. 2(58—x)(x+5)5 4(x+5)5
Cartesian Integrates by parts to the form = + M1
s P 217 1057
3 5 58
oy 2208 0)(x 452 A(x+5) g0, ddM1 Al
217 10547 '
-5

M1 A full attempt to get y in terms of x AND forms _[ ydx

Al A correct expression for the area and in a form that can be integrated. If by parts is used the correct
selection must be made for # and V'

3 5
M1  Raises powers correctly to a form P(x+5)2 +0(x+5)2
3 5
Or by parts C(58—x)(x+5)2+D(x+5)2
ddM1 A full method to find the area of R using their limits. Dependent upon both M's
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4
13. The volume of a spherical balloon of radius rm is Vm?3, where V = 3 mr’
(a) Find a7
dr (1)
Given that the volume of the balloon increases with time t seconds according to the formula
2
d_V = —03 , t> 0
dr 1(0.05 +1)
. dr
(b) find an expression in terms of I and t for —
ds
(&)
Given thatV =1 whent =0
(c) solve the differential equation
& _ 2
de ¥(0.05¢ +1)
giving your answer in the form V2 = f(t).
()
(d) Hence find the radius of the balloon at time t = 20, giving your answer to
3 significant figures.
(&)
. J
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13 (a) LA Bl
dr
1)
Uses 32 dv dV dr dar 20 A2 dr
b = 7 Mi
®) a v (0.050+1)’ dt
- dr 15
T dM1, Al
At 4725 (0.050+1)
3)
ar 20d¢
(©) — = I dV = I B1
dt ¥ (0.05+1) 0.05¢+1)’
)
V_: 20(0.05¢+1) te MIMIA]
2 -0.1
Sub ¥V =1whent=0 = 0.5=-200+c = ¢=200.5 MIl
=V =401 —Lz Al
(0.0St + 1)
(6)
d) |Subr=20into (V*)=401- 4002(=301) M1
(1+1)
Sub V' =+/301 into V=§7rr3:>r=awrt1.61(m) dM1,A1
3
[13 marks]
(a)
Bl d—V= Az r? Do not accept d—V=i7rx 32
dr d 3
(b)
M1  Uses (il_lt/ (;—Vx% or equivalent correctly. (It is not enough to just state this)
r

Follow through on their Z—V
r

dM1 Makes % the subject and attempts to replace V' with r’

dr 15 dr A dr A
Al - = 3 Allow — or —= 3
- 4722:5(0.05t+1) At S (00st+1y & g2 (1501+1)

where 4 and B are integers and % cancels to %
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(©)
. . 20dt . . . .
B1 Separates variables to achieve | V' dV = | ———— or equivalent (with or without the integral
(0.05¢+1)
sign)

M1  Integrates lhs to a form a¥*with or without a constant

M1  Integrates rhs to a form 5(0.05¢+1) with or without a constant
V2 20(0.05+1)7
2 -0l

M1  Substitutes ¥ =1and ¢= 0 into an integrated expression of the form pV?* = ¢(0.05¢+1)" +c,

where 7 is an integer, to find the constant ¢

Al V? =401 —&2 or equivalent V> =401 _ 160000

(0.05¢+1) (1420

Al + ¢ or equivalent including a constant

Note that there is a solution to part (c) via definite integration that marks similarly

27 el
Vdy = 2Odt V— = 2000.05t+1) is B1 M1 M1 A1l as before
(0.05:+1y L2 ], 01 |

2 -2
with the next M1 scored when V? _% - 20(0-0(5)t1+ 1)

+200 oe

M1  Substitutes ¢ = 20 into their equation for ¥ ? which includes a numerical constant and finds a value
for V or V2 (This cannot be scored for impossible values ie when V2 <0)

dM1 Substitutes their Vinto V = gﬂﬁ — r=... Alt substitutes their ¥~ into V'? = %ﬂzrﬁ =r=..

Al cso r =awrt 1.61(m) in

1
Watch for candidates who solve (d) using the differential equation dr = > and find 7 in

A 4725 (0.050+1)°
terms of . This is an acceptable method (although unlikely) but do consider this kind of solution carefully.




