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1. (a) Express 7sin26 — 2cos26 in the form Rsin(260 — a), where R and o are constants,
R >0and 0 < a < 90°. Give the exact value of R and give the value of a to
2 decimal places.
3
(b) Hence solve, for 0 < 6 < 90°, the equation
7sin20 — 2cos20 = 4
giving your answers in degrees to one decimal place.
Q)
(¢) Express 28sinfcosf + 8sin? in the form asin26 + bcos26 + ¢, where a, b and ¢
are constants to be found.
3
(d) Use your answers to part (a) and part (c) to deduce the exact maximum value of
28sinfcos O + 8sin%0
(2)
\_ J
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Question
Number

Scheme Notes

Marks

1(2)

R=+/53

cao

B1

2
tanao=—=a =...
7
2 7
tanag =*— or tana =+— Or
7 2

. 2 .
Sing =t——o0r sina =
1 53!

or cosq =+x——
1 53!

or cosa =

7
+
.\/5-

7
[ —
' [53|
>a=..

Uses one of these equations to find a value for a

M1

a =15.95° Awrt 15.95° (Allow awrt 0.28 (rad))

Al

(©)]

(b)

V335in(260-15.95°) = 4 = sin(26 —15.95°) =%(0.549)

Attempts to use part (a)"~/53 "sin(26 —"15.95° ") = 4 and proceeds to
sin(20+"15.95°" =K, |K|<1
Allow the letter a for “15.95”

M1

20-15.95° =33.3287...— 0 =24.6° | Awrt 24.6° (Allow awrt 0.43 (rad))

Al

260-15.95° =180° —33.287...=> 0 =...
Correct attempt at a second solution in the range.

o _ o |+v (O]
E.g. 20, F'15.95°'=180° -'33.3287..°'= 6, = 180 33'32827"' £1599

(May be implied by their 6, )
It is dependent upon having scored the previous M.

Do not allow mixing of radians and degrees so if working in radians must be
using 7 not 180

dM1

0 =81.3° Awrt 81.3° only

Al

Ignore extra answers outside range but deduct the final A for extra answers in range.

Q)]

(©)

28sinf@cosf =asin20 = a =14 a=14

Bl

8sin® @ =b(+1+2sin’ 0)+c or 8sin® 0= 8(%(ilicos20)j

or

8sin’ @ = 4sin’ 9-|—4sin2H:4sin20-|-4(1—cos2 9):i4cos29i4

Attempts to use acos 26 identity e.g. cos26 =+1+2sin” 6 or sin’ 4 = %(il +¢0s26)

at some point in their working and applies it to the given expression.

MI1

b=—-4, c=4or..—4cos20+4 Correct values or correct expression

Al

(©)]

(d)

Maximum = 2 x theirv/53 + their ¢
= 2 VI3'+74 May be implied e.g. by their decimal
answer.

(28 sin @ cos @ + 8sin’ 6’)

Ml

253 +4 Cao (must be exact not decimals)

Al

Attempts to use calculus for the maximum should reach 2R + ¢ as above for M1 .

2)

Total 12
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2. Given that

3x2 +4x -7 B C
— =4+ +
(x+1)(x—3) x+1 x-3

(a) find the values of the constants 4, B and C.
“)

(b) Hence, or otherwise, find the series expansion of

3x2+4x -7

Gy !

VIUV SIHLNILEMIONOG

in ascending powers of x, up to and including the term in x? f;': : ;'f‘

Give each coefficient as a simplified fraction.

(6) R
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Question
Number Scheme Notes Marks
2 3x* +4x—7 B C
— = A+—+
(x+1)(x—3) x+1 x-3
(a) Must be clearly identified as the value
A=3 of A. (May be implied by their partial | Bl
fractions)

3x’ +4x—T=A(x+1)(x=3)+B(x-3)+C(x+1)
And then expands and compares coefficients or substitutes values of x leading to a
value for B or C
Or

3x2+4x—7+(x+1)(x—3):3+ "10x+2"

(x+1)(x—3) M1
=10x+2=B(x-3)+C(x+1)

And then expands and compares coefficients or substitutes values of x leading to a
value for B or C
A correct method may be implied by correct values provided no incorrect work is
seen

B=2or C=8§ One of B or C correct Al

B=2and C=8 Both B and C correct Al

Q)]
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(b)
Way 1

If correct values for A, B and C are obtained by an incorrect method in part (a),
allow a full recovery in (b)

Attempts to expand (1+ x)_1 )
B (1+x)7l = (l—x+x2...)

x4l Look for 1 + a correct simplified or

unsimplified second or third term.

MI

1 1 1

-1
1 1 1 1! —z——(l——xj .Takes out a
—_(3-x) ___(1__xj -3 3L 3
3 correct factor including the minus sign

and a correct bracket.

B1

-1
LY 1 Attempts to expand [lilxj . Look
(1——x] =l+—x+—x" 3

9 for 1 + a correct simplified or
unsimplified second or third term.

MIl

Note

-(3 —)c)f1 can be expanded as —(31 +(-1)37 (—x)+%(!_2)33 (—x)2 +j

Score B1 for —3™'as the first term and M1 for correct attempt at the 2™ or 3™ term
or

-1 4
can be expanded as (x— 3)_1 =3 (g - 1) [: 37! (—1 n gj ]

_3 (_1_(_1)-2 [§j+#(—l)_3 (gj +J

Score B1 for —37"as the first term and M1 for correct attempt at the 2™ or 3™ term

x-3

3x*+4x-7 8 1 1
DX T (340)2(1— x4 x2) =2 1+ w2
(1) (x=3) (3+) ( X+Xx ) 3( +3x+9xj

Combines using their expansions and at least their B and C (so allow if they
forget/don’t add their A)

M1

Al

7 26 46 , Any 2 correct terms
=———Xx+—x
3 9 27 All terms correct

Al

Allow 2l for Z, —2§ for —é, 1E for 46
3 3 9 9 27 27

()

Total 10
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2(b) (b) Way 2 not requiring part (a) using
3xt+4x-7 1 1
= (3x*+4x-T)(x+1) (x-3
1 Attempts to expand (1+ x)_1 )
- 2
(I+x) = (1 XX ) Look for 1 + a correct simplified or M1
unsimplified second or third term.
1 1,1y G, 1Y
1 ., 1 1 -1 —3:—5 l—gx or -3 l_gx
- _(3-x) =——(1——xj x- BI
x=3 3 3 Takes out a correct factor including
the minus sign.
-1
LY 1 Attempts to expand (1 J_rlxj . Look
(1——x} =l4+—x+—x"... 3 M1
for 1 + a correct simplified or
unsimplified second or third term.
Note
s . - (=D(=2) 5y
—(3—x) can be expanded as —[3 "+ (-1)37 (=x) +2—!3 (=x) + .
Score B1 for —3'as the first term and M1 for correct attempt at the 2™ or 3™ term
or
1 x ) XY
—— can be expanded as (x— 3)_1 =3 (—— j =3 (—1 +—j
x-3 3 3
_ —1(—2) =3 X ?
=3 —1-(-1)" fj+— -1 (—j .
e (5) (3
Score B1 for —3™'as the first term and M1 for correct attempt at the 2™ or 3™ term
2
S tAx=T ~ (3x2 +4x—7)(—lj 1+lx+lx2j<1—x+x2) =..
(x+1)(x-3) 3 39 MI
Attempts to multiply out all 3 brackets
B Z_éx ﬁxz Any 2 correct terms Al
3 97 27 All terms correct Al

()
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3. The function f is defined by
fix—=>22+3kx+k xeR, —4k<x<0
where £ is a positive constant.
(a) Find, in terms of £, the range of f.
4
The function g is defined by
g:x—>2k—-3x xelR
Given that gf(—2) = —12
(b) find the possible values of £.
“4)
\_ J
10
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Question
Number Scheme Notes Marks
3(a
@) f(—%):...or f(—4k)=... Attempts f(—%j or f(—4k) M1
Note:

2
Candidates who use completion of the square to obtain e.g. a (x + %) + b must then

identify the “b” as an “end point” if they do not explicitly find f (—%)

k2 k2 % One correct “end” of the range. May
Yimin = _? or y> _? or yz _? be implied by their final answer.
Allow strict and non-strict inequality | Al

) ot 5 X symbols or other indications that
Yo = 2167 or y<21k” or y<2lk values are max or min.
f(—%) =..and f(-4k)=... Attempts f(—%j and f(—4k) M1

Note:
2
Candidates who use completion of the square to obtain e.g. a (x + %) + b must then

identify the “b” as an “end point” if they do not explicitly find f (—%}

kZ
Y <f(x)<21k’
— k_2 ,21k2 Correct range. Allow alternative
notation as shown and allow y or Al
i “range” for f(x) but do not allow x
f(x)Z—?and f(x)£21k2 for f(x).
k2
f(x) > —?m f(x) <21k
(C))
O et (-2)=26-3(2(-2) +3k(-2)+ )
Correct expression for gf(-2) or
or gf(x). Award this mark as soon as a B1
of (x) —2k—3 (sz 3 kz) correct expression is seen.
, Puts their gf(-2) = +12 to obtain an
2k=3(2(-2) +3k(-2)+ £ ) =-12 equation in k only. MI
Must be using x = 2.
Solves a 3TQ — see general guidance.
. dM1
K 20k +12 = 0 Dependent on the previous M.
3 - 5 Correct values. Allow equivalent
— —6)= == : 2 .
= (3k-2)(k-6)=0=k 3’ 6 fractions for 3 or 0.6 with a clear Al
dot over the 6.
0)

Total 8
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4. The curve C has equation
81y + 64x%y + 256x = 0
., dy .
(a) Find — in terms of x and y.
dx
)
. . d
(b) Hence find the coordinates of the points on C where d_y =0
X
(6
\_ J

— R0 O
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Question Scheme Notes Marks
Number
4 81y’ +64x°y+256x =0
a 3 3
(a) d(81y ):243y2d—y d(81y ):kyzd_y i
dx dx dx
d(64x’y d(64x°y
u:128xy+64x2d—y uzaxyﬁ-ﬁxzd—y Ml
dx dx dx
d d Correct differentiation. The “= 07
243y° Ey +128xy + 64x° Ey +256(=0) is not required but there should be | Al
no extra terms.
For the first 3 marks you can ignore any spurious “% =" at the start.
243" Year Yo —128xy—256 = d—y(243y2 +64x” ) = —128xy — 256
dx dx dx
Y
dx
Makes %the subject allowing sign errors only with “= 0" seen or implied. Ml
. . d .
This depends on there being exactly two ayterms. One coming from the
differentiation of 81y°and one coming from the differentiation of 64x”y
dy —128xy-256 i
T3 5 Correct expression (oe) Al

dr 243y +64x°

Note that the final M1A1 in (a) can be recovered in part (b)

(6]
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(b) Note that full marks are available in (b) following an incorrect denominator in (a)
Sets their numerator = 0.
Note that this may appear from
. dy . .
utting — = O into their
_128xy-256=0 US4 M1
differentiation in part (a) before
making Y the subject.
dx
2
2 2
81y’ +64y(——j +256(——j =0
Y Y Substitutes to obtain an equation in
one variable. dM1
Dependent on the first M.
( j +64x° (——)+256x 0
‘_ 256
Y 81 Solves an equation of the form
y'=porx‘=q (p.q>0) dM1
= ﬂ — = Depends on the previous M.
16
4 2 Correct values for x or 2 correct
y= +§ or x=*x— values for y. Allow unsimplified Al
for this mark.
Attempts at least one value of the
nd w3 other variable having previously
y=(%) 3 = or x=(+) 2 =Y found and solved an equation in MI
one variable.
Examples:
3 _4
+= F—
( 2° 73 j
or .
3 4 Correct values which must now be
X=t—, y=F= simplified and paired correctly.
2 3 Al
3 or 4 Do not isw and mark their final
x==,y=——.,and x=—=, y=— answer.
2 773
or
3 4Y (34
27 3) 273
(6)

Total 11
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5.

The angle x and the angle y are such that

tanx =m and 4tany = 8m + 5
where m is a constant.
Given that 16sec’x + 16sec’y = 537

(a) find the two possible values of m.

Given that the angle x and the angle y are acute, find the exact value of

(b) sinx

(c) coty

LeaveN
blank
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Question
Number Scheme Notes Marks
S tanx=m and 4tany=8m+5
(a) Examples:
sec’ x=1+m’
or
) Sm+5)V Attempts to express sec’x or sec’y in Ml
sec” y =1+ 4 terms of m using a correct identity.
or
16sec’ y =16+16(8m+5)’
8m+5Y
16(sec” x +sec’ y) =16 1+m2+1+[ j =537
4 M1
Uses their expressions in m and 537 to obtain a quadratic equation in terms of m
which may be unsimplified.
Solves their 3TQ as faras m = ... M1
m +m-6=0=>m=2, -3
Correct values Al
“
(b) . 2
tanx=2=sinx = —F—=...
V1P 427
Correct method for the value of sin x. Must be from an appropriate identity or exact | M1
work but m does not need to be exact. So e.g. sin (tanf1 2) = 0.8944..scores M0
Can be for using either of their values of m.
2
=—F cao (oe) and no other values Al
NG (o)
(2)
(©) Correct method to obtain a value for
cot y. So uses 4tan y =8m +5and their
tan y = 21 — coty = 4 m to find a value for tan y and finds MI
4 21 reciprocal. Can be for using either of
their values of m.
cao (oe) and no other values Al
2)

Total 8
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6. Relative to a fixed origin O, the points 4, B and C have coordinates (2, 1, 9), (5, 2, 7) and
(4, -3, 3) respectively.
The line / passes through the points 4 and B.
(a) Find a vector equation for the line /.
(2)
(b) Find, in degrees, the acute angle between the line / and the line AC.
3
The point D lies on the line / such that angle ACD is 90°
(¢) Find the coordinates of D.
“)
(d) Find the exact area of triangle ADC, giving your answer as a fully simplified surd.
(2)
L J
22
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Question Scheme Notes Marks
Number

6
(a) o 5 2 Correct attempt at direction. May be
TAB=%| 2 || 1 implied by at least 2 correct components | M1
7 9 if no method seen.
2 3 Accept equivalents but it must be an
r=[11[+4] 1 equation and it must be “r ="
9 -2 . Al
or or | y|=..
r=2i+j+9k+A(3i+j—-2k) z
Equivalent correct answers include:
2 -3 5 -3 5 3
r=1+A|-1|r=|2|+A| -1, r={2|+A4] 1
9 2 7 2 7 -2
2i 3i
Donotallowe.g. r=| j |+A| J | unlessa correct form is seen earlier then isw
9k -2k
| 2)
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(b) 2 A AC. May be implied b

Way 1 . ttempts = 4C. May be implied by at

AC=| -4 least 2 correct components if no method | M1
-6 seen.
+AB.+ AC =|AB||AC|cos @ = 6 — 4 +12 = V14+/56 cos 0
:>c0s6?:—14 =0=
V1456 M1
Attempt the scalar product of +A4B or their direction vector from part (a) and their
+AC and proceeds to 6= ...
0 = 60° Cao (Must be degrees not radians) Al
3)
(b) Way 2 (cosine rule on triangle ABC)
AB =14, AC =214, BC =/42 Attempts the lengths of all 3 sides M1
42 =14+56—2+/14~/56 cos 6 :
Attempt cosine rule and proceeds to
:cosH—L:H— 0= dM1
=S 175% =..
0 = 60° Cao (Must be degrees not radians) Al
3)
(b) Way 3 using vector product
2
AC =| -4 Attempts +A4C Ml
—6
11k H V142 +14° +14
ABxAC =2 -4 —6|=|—-14 :>sin6’=\/2 = 2\/2 —

3 1 -2 14 2°+4°+6°V3 +17 +2 M1

Attempt the vector product of + 4B or their direction vector from part (a) and their

+AC and proceeds to 6= ...

0 = 60° Cao (Must be degrees not radians) Al

(©)]
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W(:) 1 2 3 4 Attempts CD by finding:
y L+4] 1|-| -3 (a general point on AB) — OC or MI
9 -2 3 (their part (a)) — OC
2 2 3 4 2 31-2
—4 o3| 1 |+A] 1|—|-3|t=|—-4|e A+4
-6 9 -2 3 —6) \-21+6
64—4—44-16-36+124=0= A =.. MI
Attempts AC+CD = 0 and solves for A. It must be a correct AC or their attempt at
AC and a correct attempt at CD or what they think is CD as long as it is clearly
identified as CD.
2 3
A="4"=0D=|1|+"4" 1 Uses their value of A to ﬁ.nd D. ddM1
9 5 Dependent on both previous M’s
14
(14,5, 1yor 14i + 5§ + kor | 5 Correct f:oordinates or vector and no Al
{ other points or vectors.
“)
(c) Way 2:
AC =214 = 4D = 2\/2) (: 414 ) Correct attempt at the length of AD Ml
cos 60°
AB=+/14 = AD =4 4B Uses ratio of 4B to AD to find a value
or for “A” or uses the length of AD and M1

applies Pythagoras to “A”’xtheir

2 2 2 2 —
(3}”) +A4 +(2’1) _(4\/ﬁ) = A= direction of / to find a value for “A”

2 3
/1 ="4" — OD =|11+"4" 1 Uses their value of “A” to find D. ddM1

Dependent on both previous M’s

9 -2
D(14, 5, 1) or 14i + 5] + k etc. Correct c‘oordlnates or vector and no Al
other points or vectors
(c) Way 3
2 3 4 Attempts CD by finding:
Lj+4] 1]-|-3 (a general point on AB) — OC or Ml
9 -2 3 (their part (a)) — OC
(34-2)" +(A+4)" +(6-22)" =(ACtan 60)’
AP=2A-8=0=>1=.. Ml
Attempts (CD)> = (AC tan 60)” and solves for A
2 3
Uses their value of A to find D.
22"4"' D: 1 +H4H 1
=0 Dependent on both previous M’s ddMl
9 -2
14
(14,5, 1y or 14i + 5§ + kor | 5 Correct goordinates or vector and no Al
| other points or vectors.
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(c) Way 4

2 3 4 Attempts CD by finding:

Li+4] 1= -3 (a general point on 4B) — OC or Ml
9 -2 3 (their part (a)) — OC
(34-2)" +(2+4) +(6-22) +4C* =(32) + 2> +(24)°
284-112=0=A=... Ml
Attempts AC? + CD? = AD? and solves for A
2 3
A="4"=0D=|1[+"4" 1 Uses their value of A to ﬁl’.ldD ddM1
9 5 Dependent on both previous M’s
14
(14,5, 1yor 14i+ 5§ + kor | 5 Correct f:oordinates or vector and no Al
| other points or vectors.
(d) 1 1 .
Area ADC = 0 ACxCD = 5\/56 V168 Correct triangle area method Ml
=283 cao Al
2)
Alternatives for (d)

1

1

EACXADsin 60° Zé\/56\/224

V3
2 9

%ADXDCSin?)OO :%\/168\/22 %

EACXACtan 60° Z%\/56\/56\/§

Total 11




Winter 2019 www.mystudybro.com Mathematics C34

e Past Paper This resource was created and owned by Pearson Edexcel WMAO02
( Leave\
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7.
VA
I
R
>
0 4 6 X
Figure 1
Figure 1 shows a sketch of part of the curve with equation
x+7 3
= x>=
T 2x -3 2
The region R, shown shaded in Figure 1, is bounded by the curve, the line with equation
x = 4, the x-axis and the line with equation x = 6
(a) Use the trapezium rule with 4 strips of equal width to find an estimate for the area of R,
giving your answer to 2 decimal places.
(C))
(b) Using the substitution u# = 2x — 3, or otherwise, use calculus to find the exact area of R,
giving your answer in the form a + b /5, where a and b are constants to be found.
(7
. J
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Question
Number

Scheme Notes

Marks

7(a)

Correct value stated or used within

Strip width = 0.5 the formula.

Bl

15 13 ,(23J6 127 25\2
53 2 7 8

or
(4.91..+433..+2(4.69..+4.53..+4.41...))

Correct structure for their y values (if their values need checking, look for 2sf)
Must have y values starting at x =4 and ending at x = 6

Ml

1 1(%+£+2(23\/€+12ﬁ+25\/§n

Area ~ —x—
2 2 5 3 12 7 8
or

Area ~ %x%(4.91...+4.33...+2(4.69...+4.53...+4.41...))

Correct numerical expression for the area (allow decimal values to 2sf), may be
implied by their area value

Al

9.14 9.14 only

Al

“@

(b)

du _ Correct derivative. Accept any
correct equivalents e.g. du = 2dx

B1

M1: Fully substitutes. Just replacing
J. “dx” with “du” with no evidence of

x+7 P47 1 du where the “du” has come from is
2% —3 Ju 2 MO but allow slips e.g. omission of
(13 + 77,

A1l: Fully correct expression.

MIA1

112 ENEV: (+c) Fully correct integration in any form
(+ ¢ not required)

Al

Note: Integration by parts gives
1 (u+17)uf% du:l(Zulz)(u+17)—l 2" du:lu%.,_ﬂu%_lu%(_,_c)
4 4 4 2 2 3

x=4,u=5 x=6u=9 Correct u limits seen anywhere.

Bl

If they return to x then this B1 is for replacing # with 2x —3

112 = T 11((2 3 1 2 3 1
2wt 43407 | == 2(9) +34(9) |—| =(5) +34(5)°
4{3 l 4{(3( ) ()) [3() ())}
Substitutes their (changed) u limits into a changed function and subtracts either way
round or substitutes x limits if they undo the substitution and subtracts either way

round

Ml

28
=30—?\/§ cao

Al

Q)

Total 11
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Note that 7(b) is hence or otherwise so other substitutions will be seen. The mark
scheme will follow the same structure as in the example below:
7(b) Correct derivative. Accept correct
u’ :2x—3:>2ud—u:2 equivalents e.g. 2u:2£, Bl
dx du
dx = udu
x+7 w43 +3 4 7 MI: Fu@ly'substitutes. Allow slips
dx du e.g. omission of “ + 77 MI1A1
V2x— A1: Fully correct expression.
u_ +—u +c Fully correct integration in any form Al
6 2 (+ ¢ not required)
x=4,u= J5 x= 6,u=3 Correct u limits seen anywhere. B1
If they return to x then this B1 is for replacing u with /2x —3
1, 17 7T 27 17 1/ =y 17
—u +— =9 —+—(3) || =(V5) +—(~V5
[6” 2 ”L {( 6 2l )j (6“) 2 (I)}
Substitutes their (changed) u limits into a changed function and subtracts either way Ml
round or substitutes x limits if they undo the substitution and subtracts either way
round
=30—— f cao Al
(7)
Note that 7(b) can also be done by parts:
7(b _L
(b) Uses 7 as(x+7)(2x-3) "
x+7 V2x -3
dx (x+7)(2x~ 3) and makes some progress with Bl
attempting to integrate even if it is
incorrect.
j(x+7)(zx-3)-% dx = (x+7)(2x-3)° -j(zx-s)% dx
M1Al
MI1: Integration by parts in the correct direction
Al: Correct expression
(2x—3) dx = k(Zx 3) M1
1 1 3 *
J-(Zx—B)zdx:§(2x—3)2 S
e L 3
(2x—3) dx = 3(2x 3) Al
3 6 1 1 3 | 1 3
[(H 7)(2e-3) -1 (2x-3) J _ {(1 19) -1(9) j—(l 1(5) -1(5) j} .
Substitutes the limits 4 and 6 into a changed function and subtracts either way round
=30-— \/_ cao Al

(7)
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8. A curve has parametric equations
-t A t# 1
xX=t -1 = *
YT
.o dy . . . .
(a) Find i in terms of ¢, giving your answer as a simplified fraction.
X
C))
(b) Find an equation for the tangent to the curve at the point P where ¢ = —1, giving your
answer in the form ax + by + ¢ = 0 where a, b and c are integers.
(C))
The tangent to the curve at P cuts the curve at the point Q.
(c) Use algebra to find the coordinates of Q.
(©))
. J
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Question
Number

Scheme Notes

Marks

8(a)

gzzt—l
dr

Correct derivative

B1

dy (1—1)x4—4rx(-1)
dr (1-1)’
Obtains d_y:w, a>0, >0
dr (1-2)’
or product rule

dy -2 -1
—=4¢(1- 4(1-
Va0 wa(1-0)

Obtains %:p(l—z‘)f1 +qt(1-1)", p>0, ¢>0

Quotient rule

If an incorrect formula is quoted this scores M(

Ml

NB: May see i=_4+ 4 :>d—y=—4(1—t)_2><—1

1—1¢ 1—1¢ dz
Allow M1 for i:A+i:>d—y=k(l—t)_2
1—¢ 1—1¢ dt

dy _dy dt _ (1—1)x4—4rx(-1) L1
dx dr dx (1-2) 2t—1
Correct application of the chain rule using their derivatives.
This is an independent method mark.

d_y multiplied by their ﬁ
dr dx

Their d_y divided by their Eor their
ds dr

M1

Allow e.g.

dy 4
dx  (20-1)(1-1)’
4 4 but not ! X 4
(2z—1)(1—2z+z2)’ 28— 502 +4¢—1

(2t=1) (1-1)
But isw once a correct answer is seen

Al

Q)]

(b) t =

Correct coordinates for P

Bl

Attempts gradient. May be
implied by their value for the
gradient.

Ml

Correct straight line method for
the tangent not the normal. If
using y = mx + ¢ must reach as far
as finding a value for c.

Ml

Any integer multiple.

Al

Q)]
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(© 4t i i i
Way 1 2143 L4=0 Substltutes to obtain an equation M1
1—¢ in ¢ only.
P =22 —T7t—4=0 Correct cubic Al
(t+1)(2 =3t-4)=0 or  (t+1)(1-4)=0
Attempt to factorise using (¢ = 1) or (¢ + 1)? as a factor.
Look for (z+ 1)(at2 +) or(r+ 1)2 (at+...) or may use long division so look for the
corresponding expressions for the quotient e.g. a® + ... or at + ... M1
This mark is dependent on having obtained a cubic equation that has a constant term
This mark is not for just solving their cubic e.g. using a calculator. However, if they
have a correct cubic equation and the root 7 = 4 is seen, this method can be implied.
t=4 Correct value of ¢ Al
16 .
12, - ? Correct coordinates Al
3
Total 13
(c) 5 Finds x in terms of y by
Way 2 = 4¢ e y e y Ly elim‘inating t aqd sqbstitutes to
1—¢ 4+ y 4+y 4+y obtain an equation in y only.
5 When eliminating ¢ using y, the Ml
algebra must be correct so allow
4+y 4+y sign errors only for making ¢ the
subject from y.
31° +28y° +76y+64=0 Correct cubic Al
(y+2)(3y°+22y+32)=0 or (y+2) (3y+16)=0
Attempt to factorise using (y £ 2) or (y + 2)? as a factor.
Look for (y+"- 2")((1y2 + ) or(y+"- 2")2 (ay+...) or may use long division so
look for the corresponding expressions for the quotient e.g. ay> + ... oray + ... M1
This mark is dependent on having obtained a cubic equation that has a constant term
This mark is not for just solving their cubic e.g. using a calculator. However, if they
have a correct cubic equation and the root y =-16/3 is seen, this method can be implied.
16
y= 3 Correct value of y Al
16 .
12, - 3 Correct coordinates Al

o)
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9.
(a) Find | xsin2xdx
(&)
(b) Find | (x+sin2x)*dx
C))
VA
C
R
0 x X
2
Figure 2
Figure 2 shows a sketch of part of the curve C with equation y = x+sin2x.
The region R, shown shaded in Figure 2, is bounded by C, the x-axis and the line
with equation x = %
The region R is rotated through 27z radians about the x-axis to form a solid of revolution.
(c) Find the exact value for the volume of this solid, giving your answer as a single,
simplified fraction.
3
g J
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Question Scheme Notes Marks
Number
%) 1 1 xsin2xdx =+ px.cos2x g cost(dx) M1
jxsin 2xdx = x5 cos 2x+EIcos 2x( dx)
Correct expression (dx not required) Al
Correct integration in any form — does
not need to be simplified but is cso so
Ix sin 2x dx = - sin 2x — - x cos 2x (+¢) ¢.g. any double sign errors should be Al eso
4 2 penalised here. Condone poor notation
e.g. cos2x.x rather than xcos2x. The
constant of integration is not required.
3
(b) Correct (possibly unsimplified)
) 2 . . 2 expansion. Condone poor notation so
(x s 2x) = X7 +2xsin2x+sin” 2x allow e.g. 2sin2x.x for 2xsin2x and sin2x? Bl
for sin®2x
: 1 )
Ismz 2xdx=5j(1—cos4x)dx Uses cos4x =+1+2sin’ 2x M1
) 1 1. ) .
I sin” 2xdx = 5 x— 3 sin4x(+c) Correct integration Al
3
J‘(x+ sin2x)2 dx = %+%sin2x—xcos2x+%x—%sin4x(+c)
Allow in any correct possibly unsimplified form. Follow through their answer to part
(a) so allow for: Alft
3
I(x + sin 2x)2 dx = x?+ 2 x their part (a) +%x —%sin 4x(+c)
The constant of integration not required.
In part (b) allow mixed variables for the first 3 marks but for the final mark the
expression must be in terms of x only.
“
(c) States or implies that the volume
. . . 2
(Volume =) ”J'(x +sin 2x)2 d required is ﬂJ.(x +sin 2x) M
Note that the & is required but may
appear later in their working.
3
=(7) ”—+0+£+£—0—(0)
24 2 4
Applies at least the limitg to an expression of the form: M1
ax’ + fBx+ (at least one trig function) .
The substitution of x = 0 does not need to be seen.
Must be exact work and not just decimals.
Cso. Allow any equivalent exact single
s > 22 (22418 fraction but come from correct
_r +187 or ( ) integration. Note that incorrect Al cso
24 24 coefficients of sin... will fortuitously
give the correct answer.
Note: Condone mixing x with 8
3

Total 10
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10. :
______ Diagram not 8
A drawn to scale Z
O
3
o
e
Sm -
=t
e
e B
":;
____! ______________________ ! . R

Figure 3

Figure 3 shows a container in the shape of an inverted right circular cone which contains
some water.

The cone has an internal radius of 3m and a vertical height of 5m as shown in Figure 3.

At time ¢ seconds, the height of the water is 4 metres, the volume of the water is ¥’'m? and
water is leaking from a hole in the bottom of the container at a constant rate of 0.02m3s™!

[The volume of a cone of radius r and height h is %nrzh.]

(a) Show that, while the water is leaking,
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(b) express A4 in terms of 7.

(©))

(c) Find the time taken for the container to empty, giving your answer to the nearest minute.
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Question Scheme Notes Marks
Number

33 5
10(2) E.g. %: 3 = Z’Sr =3h,r==hh= Any correct equation connecting » and 4 | Bl
r
1 ., 1 (3,) Obtains V = kh’ or equivalent using
V=-nrh==x|=h| h . . ;
3 3715 their equation connecting / and . M
2
V= iﬂ;ﬁ V= ln(éhj h is sufficient.
75 3 \5
v 27 ., Attempts i—}Vl . Allow for ((11—: =ah’. M1
i 75 Dependent on the first M.
dv dv dt
Usese.g. — =—x—or
dh dr dh
arv dV dr 27 ) dt d—V:d—V dn with their d—Vand
——xX—=__nh"=-0.02— de  dh dr dh Ml
dn o dt dh 75 dh ar
=10.02
dr
May be implied by their work.
dh 1
P—=— * Correct equation or states k=18 Al cso
dr 187
)
(a) Avoids the need to find a
Way 2 dh
r 33 5 . .
PR Z,Sr =3hr=—hh=—r Any correct equation connecting 7 and 2 | Bl
2
V:lmﬁh:lﬁ(g},j h ‘ _ ‘
3 3 \5 Obtains ¥ = ki’ (or equivalent) using M1
9 3 their equation connecting /4 and r.
V=—nh
75
Examples:
SR L
75 dr 75 dt
o M1
h3:75V:3h2%:75Vd_V
o dt 97 dt
dv »dh
The M1 is for differentiating both sides with respect to ¢ to obtain A = Bh’ ar
t
0.02=3x— 2
75 dr RV%
or Replaces Ewith +0.02 MIl
2 dh 75V _0.02
dr 97z
2dh 1 .
* Correct equation or states k= 18 Al
dr 187

Q)
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(b) h’ 1 h’ = gt (+c). Note that “+ ¢” is not
Way 1 P L (o) P =qt(e). M1
3 187 required for this mark.
125 Uses 2 =5 and ¢ = 0 to find c¢. There
t=0h=5=c=— must be a constant of integration for | M1
3 this mark.
Note that both M marks are available if the letter £ is used i.e. if they haven’t
obtained a value for k in part (a)
h= ,3/125 _ L Correct equation (oe) Al
(/4
3)
(b) Uses d—V ==0.02 to obtain
Way 2 dv dt
E =-0.02=V=-0.02t+c V =+40.02¢ + ¢ and then uses » =3 and & M1
=5 when ¢ =0 to find c.
5z =c=V=157-0.02t This may be implied by sight of
V =157 —0.02¢ (but must be V'=...)
9
—7h’ =157-0.02¢
75 Replaces V with V in terms of / and
Ml
; t rearranges to find 4
h=125—-——=h=...
or
h=3125 _ Correct equation (oe) Al
or
3)
(c) t
h=0=125——=0=>1¢=... Puts 4 = 0 and solves for ¢ M1
Way 1 6
t =750 seconds
39 (minutes) Cag. Must be posmve. Allow awrt 39 Al
(minutes) and isw.
(2)
(©) BT 1T 125 1
Way 2 A S ) B M
3 5 187 |, 3 187
Uses the limits 0 and 5 with their p/® and 0 and T or ¢ with their g and solves for 7 | M1
(or £). The limits can be either way round and the substitution of 0 does not need to
12 1
be seen. A minimum could be 125 = Kt =t =...(as in the main scheme)
T
39 (minutes) Cag. Must be posmve. Allow awrt 39 Al
(minutes) and isw.
(2)
(©) 1 2
— +0.02=...
Way 3 3 7[(3) x5+0.0 Calculates the volume of the cone and
. Ml
ore.g. solves divides by 0.02
157-0.02¢ =0
39 (minutes) Cag. Must be posmve. Allow awrt 39 Al
(minutes) and isw.
(2)
Total 10
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11.

(a) Given that 0 < f(x) < 7, sketch the graph of y = f(x) where

f(x) =arccos(x — 1), 0<x<2

The equation arccos(x — 1) — tanx = 0 has a single root a.

(b) Show that 0.9 < a < 1.1

The iteration formula
x ., = arctan(arccos(x, — 1))
can be used to find an approximation for a.

(c) Taking x, = 1.1 find, to 3 decimal places, the values of x, and x,
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Number

Scheme

Notes

Marks

11(a)

»
»
X

Correct shape anywhere. Ignore any
extra “cycles” or other parts of graphs.
The curve should become steeper at
each end.

Ml

Correct shape in the correct position
with no “extra cycles” or other parts of
graphs. Ignore any labels on axes,
correct or otherwise.

Al

See next page for example marking

(@)

(b)

£(0.9)=0.4108..., f(1.1)=-0.4941...

Substitutes both x = 0.9 and x = 1.1 and
obtains at least one answer correct to
1sf or truncated so allow 0.4 and — 0.4
or—0.5.

M1

Change of sign therefore 0.9 <a < 1.1
Both values correct (to one sig fig or truncated), change of sign + conclusion
Allow equivalent statements e.g. positive, negative therefore root etc. but this mark
may be withheld if there are any contradictory statements e.g. therefore root lies

between f(0.9) and f(1.1)

Al

2

(©)

arctan (arccos (1 - 1))

Attempt the given formula with x = 1.1
Score for arctan (arccos (1.1- 1))
This may be implied by awrt 0.97

(using radians) or awrt 89 (using
degrees) for xi

M1

(x,=)0.974, (x,=)1.011

(xl =)awrt 0.974, (x2 =)awrt1.011

. Ignore any subsequent iterations and
ignore labelling if answers are clearly
the second and third terms.

Al

2

Total 6
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These sketches score both marks:
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(2 ,,

\. (8. 7)
B

(2 ’ U)
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/ ’ a2 X

These sketches score MOAO:

Lo, )
L=
1\(2.0)
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Leave )
blank

12. Given that £ is a positive constant,

(a) sketch the graph with equation

y=2‘x‘—k

Show on your sketch the coordinates of each point at which the graph crosses the x-axis
and the y-axis.

(2)
(b) Find, in terms of £, the values of x for which

ox| — k= sx+ ~k
X —2x 4
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Marks

12(a)

v

N | =
N | =

V Shape with the vertex anywhere on the y-axis with the branches approximately
symmetrical about the y-axis. Ignore any dashed or dotted lines.

B1

There must be a sketch for this mark.

Intercepts (must be crossing) at (—%,OJ , [ %, Oj and ( 0, —k)and no others.

Allow if the coordinates are the wrong way round provided the positioning is correct.

The zeros are not needed as long as the expressions are correct (as above).
Allow if the correct coordinates are seen away from the sketch but they must be the
right way round in this case and must correspond with the sketch.

If there is any ambiguity, the sketch has precedence.

Bl

(©))

(b)

2x—k:lx+ﬁ:x:... or —2x—k:lx+kz>x:...
2 4 2 4

Attempt to solve either equation to make x or k the subject

Ml

One correct value for x. Allow

5k k 10k 2k

equivalent fractions e.g. —, ——
12 4
etc.

Al

Both x values correct for. Allow

) ) 10k 2k
equivalent fractions e.g. —, ——

x=— and x=——
6 2 12 4

etc.

Al

k
Note that the x = ~3 must clearly be from work in (b) and not from work in (a)

when attempting the sketch unless it is clearly stated as an answer to (b).

|

(©)]
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(b) Alternative by squaring:
1k 1 5k 1 5k 25
Z‘x‘—k =—X+—=> ZM =—x+— =4 =+ x+ kK
2 4 2 4 4 4 16 M1
= 60x° —20kx—25k* =0=> x =...
Adds k to both sides, squares and solves to obtain a 3TQ and solves for x
One correct value for x. Allow
5k k . . 10k 2k
X=— 0or x=—-—— equivalent fractions e.g. —, —— | Al
6 12 4
etc.
Both x values correct for. Allow
Sk k 1 2
x=— and x=—-—— equivalent fractions e.g. %, _Tk Al
etc.
3)
Total 5
(b) Special case
1 k 1 k 1
x—k=—x+—=4x" —dkx+k’ =—x" +—x+—k’
27 4 4 16 Mi
= 60x° —68kx +15k* =0=> x =...
Squares both sides to obtain 3 terms each time and solves the resulting 3TQ solves for x
5k Correct value for x. Allow equivalent
6 fractions e.g. 12

If this is all they do, 2 marks will be the maximum
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13. A scientist is studying a population of insects. The number of insects, N, in the population,
t days after the start of the study is modelled by the equation

240

where k is a constant.
Given that there were 50 insects at the start of the study,

(a) find the value of &
(2)

(b) use the model to find the value of t when N = 100
3)

(c¢) Show that

v _ Ty Ly

dr p q

where p and ¢ are integers to be found.
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Question
Number Scheme Notes Marks
13 240
N = —
1+ke '
(a) 240 _50= = Substitutes = 0 and N = 50 and M
1+ kel solves for k
19
k=3.8(= —j cao Al
S
(2)
(b) Puts N =100 and solves as far as
240 L e
100= m = 380e " =140 pe ° =¢ using correct processing Ml
.00 (allow sign/copying/arithmetic slips)
Takes In’s correctly to reach
_t 7 t 7 t
ef=—=—-—=In| — i—=ln(a),a>0 dM1
19 16 19 16
Dependent on the previous M
1
t=161In L4 or—161In 7 or
7 19 .
Cao (accept equivalents) or awrt 16 | Al
361 130321
8In| — |or 4In| ——— | etc
49 2401
3)
(b) For mis-read N = — (Max 2/3)
l+ke ™
Puts N =100 and solves as far as
240 ﬁ +
100 = m = 380e" =140 pe* = ¢ using correct processing Ml
+0.6¢ (allow sign/copying/arithmetic slips)
Takes In’s correctly to reach
L 7 t 7 t
e =—=—=In — +—=In(a),a>0 dM1
19 16 19 16
Dependent on the previous M
7
t= 16111(EJ etc. AQ

Part (c) General Guidance for Marking:

M1 is for their attempt at differentiating
A1 is for correct differentiation (in terms of k& or follow through their k)

M1 is for €~ or ke~ or 1+ ke~ in terms of N

M1 is for obtaining N in terms of N

Al fully correct

dt
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Note that a value of & is not necessary to do part (c)
© _ s N e pet)
. N =240(I+ke " = A (14 8e) MI
dN e\ 3.8 o Correct derivative. Follow through
35——240(1+3.86 ) X_Ee their & or the letter & Alft
k.
. AN (O)—240><—Ee 16
May see quotient rule: — = 2
d (1 +ke e )
But this must satisfy the conditions above i.e. they need to obtain
dN = Ae’"

dr (1 +Be )2

i N2
May see product rule: v =0 +%(l + kefﬁ)

dr
But this must satisfy the conditions above i.e. they need to obtain

t t -2
ﬂ =Ae (1 + Be_ﬁ)

dr
If an incorrect rule is quoted this scores M0
N = 240_L ke = 240 Attemp/t to find e *or ke or M1
1+ke ™ 1+ ke ™ in terms of N
Note that this mark may be scored by e.g. replacing 1+ ke e by % in their solution
240-N
57 dN
dN 3.8N Obtains o in terms of N only (may M1
T AN t
dr 240 include £’s)
N
dNv 1 1 5
—=—N-—- Cao (Allow p = 16, g = 3840) Al
dt 16 3840

(6))
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(c) Way 1 mis-read N = (Max 4/5)

4L

I+kee

\7! i +\2
N:240(1+keﬁ) d—N=Ae“ (1+Be'6)

dt
N -
N iiﬂ _ 940 (1 Y SGE) « 3.8 o Correct derivative. Follow through

/ 1 their k or the letter &

=~

Ml
Alft

k -
0)—240% ¢’
(0)=240x e

May see quotient rule: — = 2
dt (l + ke'® )
But this must satisfy the conditions above i.e. they need to obtain
AN et
dr 1+ Be' )2

i -2
dN _ 0— 240ke (1+keﬁ)
t 16
But this must satisfy the conditions above i.e. they need to obtain
t 1 -2
IV _ et (1+Be)
dr

If an incorrect formula is quoted this scores M(

May see product rule:

240 -1+ keﬁ _ @ Attempt to find e or ke or 1+ ke®

1+ke' N in terms of N

N =

Ml

. . 240 . : .
Note that this mark may be scored by e.g. replacing 1+ ke’ by TO in their solution

240-N
=57 dv
ﬂ B 3.8N Obtains — in terms of N only (may

- 2 dr
d (MO] include £’s)
N

Ml

g = —LN+LN2
de 16 3840

A0
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(c) Way 2
240 240
(N: — = ke 1“:——1j
1+ke N
k - dt 240 Differentiates to obtain
160 v N gt Y _B e BANV M
Or N? N* dt
_ ﬁ el = _ @ g Correct differentiation. Follow Alft
16 N? dt through their & or the letter &
N 240 fe T = 240 -1 Attempt to find ¢ or ke ™ or M1
l+ke ™ N 1+ ke " in terms of N.
Note that this mark may be scored by e.g. replacing 1+ ke ¢ by ﬂNO in their solution
1 (240
—| -1 . dN .
dN 16\ N Obtains o in terms of N only (may Nt
- =~ 7 t
d @ include £’s)
N?
dv 1 1
—=—N-—N’ Cao (Allow p = 16, ¢ = 3840) Al
dt 16 3840
(6))
(c) Way 2 mis-read N = — (Max 4/5)
l+ke ™
240 240
( = ,:>ke“”:——1]
1+ ke™ N
k " dr 240 Differentiates to obtain
T N N g B s BV M1
or dN N’ N dt
ko 240 dN i iati
SN S sl Correct dlfferentlatlon. Follow Alft
16 N? dt through their & or the letter &
N = 240 kei — @_1 Attempt to find el or ke or 1+ ke's Ml
1+ ke N in terms of V.
. . L 240 . . .
Note that this mark may be scored by e.g. replacing 1+ ke'* by Y in their solution
1240
dN 16 N Obtains (il—N in terms of N only (may Mi
- =~ 7 t
dt 240 include &’s)
N2
dN 1 1
N+——N’ A0
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(c) Way 3
240 240
(N: — = ke 16:——1]
1+ke N
= _L = lnl(ﬂ—lj Makes ¢ the subject, takes In’s and M1
16 k\ N differentiates using the chain rule.
1 24
=>t= —161n——161n(—0—1j
k N
dt 6 N 24() Correct differentiation. Follow Alft
=>—=- — i
AN 20— N N through their & or the letter &
N 240 L e = 240 -1 Attempt to find e or ke ™ or M1
l+ke ™ N 1+ ke " in terms of N.
Note that this mark may be scored by e.g. replacing 1+ ke 6 by £NO in their solution
3840
N (240 -N ) Obtains ilﬂ in terms of N only (may Ml
t
v _N (240-N) include &’s)
dt 3840
dv 1 1
—=—N-———N’ Cao (Allow p = 16, ¢ = 3840) Al
dt 16 3840
(¢c) Way 3 mis-read N = — (Max 4/5)
1+ke'™
240 240
N = —= ke =——-1
1+ ke N
¢ 1 (240
E = lnz T_l Makes ¢ the subject, takes In’s and M1
differentiates using the chain rule.
=>t= 16lnl+16ln(@—l)
‘ N diff 11
Correct differentiation. Follow
- i = 16[ N jE_ 240) through their £ or the letter & Alft
dN 240-N N?
N = 240 — kelt = @_1 Attempt to find e or ke or 1+ ke' M1
1+ ke's N in terms of N.
) ) o240 . . )
Note that this mark may be scored by e.g. replacing 1+ ke™ by N in their solution
_ 3840 Obtains a in terms of N only (may Ml
N (N -240) dr
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dN  N(N-240)
>—=———"
dt 3840
dN 1 1
—=——N+——N’ A0
ds 16 3840
(c) Way 4
(1 +he ) N =240 Multiplies by (1 +he ) and
k. ~\dN differentiates with respect to t or N Ml
:>NX_E6 ¢ +(1+ke IG)E=O using the product rule
o C diffi iation. Foll
B k. dr orrect differentiation. Follow
(1+ke ‘°)+N><—Ee ‘6w=0 through their & or the letter & Alft
N 240 L e = 240 -1 Attempt to find e or ke or M1
1+ ke N 1+ ke " in terms of N.
Note that this mark may be scored by e.g. replacing 1+ ke by £NO in their solution
dN N (240 -N ) Obtains ;ﬂ in terms of N only (may NT
- = 7 t
dr 3840 include k’s)
dv 1 1
E:EN_MNZ Cao (Allow p = 16, ¢ = 3840) Al
(c) Way 4 mis-read N = —— (Max 4/5)
1+ke ™
(1 et ) N =240 Multiplies by (1 4 ket ) and
k. \dN differentiates with respect to # or N Mi
= ngem +(1+ke‘“)E=O using the product rule
or i d Correct differentiation. Follow Alft
1+ ke'® ) + N x— i ar 0 through their & or the letter &
16 dN
N = 240 — kelt = E —1 Attempt to find e or ke or 1+ ke’ M1
1+ ke'® N in terms of N.
) ) o240 . . .
Note that this mark may be scored by e.g. replacing 1+ ke™ by N in their solution
N dN N (N - 240) Obtains (il_N in terms of N only (may M
- =~ 7 t
dr 3840 include k’s)
dN 1 1
=——N+——N’ A0

There may be other methods not covered in the MS but the marking should follow the same pattern.




