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QUESTIONS

27 questions - 225 marks - 2 sub-topics

SUB-TOPIC P4.2a

PARTIAL FRACTIONS

Sub-topic P4.2a - 10 questions - 100 marks - lowest tariff first




ANSWER >

-
2. (@) E Y i partial fraction f

. (a) Express R ) in partial fraction form.

3
(b) Hence show that
25 3
X
—————dx =Ink
L (2x - D(x-2)
where £ is a fully simplified fraction to be found.
(Solutions relying entirely on calculator technology are not acceptable.)
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Question 2 continued
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(Total for Question 2 is 7 marks)
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( Leave |
blank
363 +8x2-3x—-6
3. g X8 36 g O
x(x+3) x x+3
(a) Find the values of the constants 4, B, C and D.
3)
A curve has equation
y=g(x) x>0
Using the answer to part (a),
(b) find g'(x).
(2)
(c) Hence, explain why g'(x) > 3 for all values of x in the domain of g.
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Question 3 continued
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Question 3 continued
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Question 3 continued
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(Total 8 marks) —]
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( Leave |
blank
4 fly = =A% >2
' * x(x —2)° ¥
(a) Express f(x) in partial fractions.
C))
(b) Hence find If(x) dx
3
(c) Find
5
J. f(x)dx
3
giving your answer in the form a + Inb, where @ and b are rational numbers to be
found.
(2)
. J
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Question 4 continued
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Question 4 continued
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Question 4 continued
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ANSWER >

2. (a) Express in partial fractions.

1
(1+3x)(1 - x) 3)

(b) Hence find the solution of the differential equation

dy 1 1
1+3x)(1—x)—= =t —— <x< =
( x)(1 —x) any 3 X 5

for which x = 1 when y = T
2 2

Give your answer in the form sin” y = f(x) where # is an integer to be found.
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Question 2 continued
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Question 2 continued
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(Total for Question 2 is 9 marks)
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ANSWER >

7

2. Given that

3x + 4 _ 4, B C
(x=2)2x+1)°* x-2 2x+1 (Qx+1)

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

C))
(b) Hence find the exact value of
? 3x+4
; (x=2)2x+1)°
giving your answer in the form plng + » where p, ¢ and r are rational numbers.
(6)
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Question 2 continued
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Question 2 continued
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Question 2 continued

(Total for Question 2 is 10 marks)
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ANSWER >

9. (a) Express in partial fractions.

x(2x-1) 2

The height above ground, # metres, of a carriage on a fairground ride is modelled by the
differential equation

dh 1

— =—h(2h- l)cos(Lj
de 50 10

where ¢ seconds is the time after the start of the ride.
Given that, at the start of the ride, the carriage is 2.5 m above ground,

(b) solve the differential equation to show that, according to the model,

where £ is a constant to be found.

(6)
(¢) Hence find, according to the model, the time taken for the carriage to reach its
maximum height above ground for the 3rd time.
Give your answer to the nearest second.
(Solutions relying entirely on calculator technology are not acceptable.)
2
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Question 9 continued
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Question 9 continued
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Question 9 continued

(Total for Question 9 is 10 marks)
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5. (i) Find
x*e™dx
writing the answer in simplest form.
C))
(i1) Use partial fractions and algebraic integration to show that
2
_2xHll ek
. (2x+1)(2-x)
where £ is a fully simplified rational constant to be found.
(6)
.
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Question 5 continued
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Question 5 continued
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Question 5 continued

(Total for Question S is 10 marks)
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ANSWER >

8x -5
f@y_@x—nﬂx—ﬂ x>l

(a) Express f(x) in partial fractions.
(b) Hence find | f(x)dx

(c) Use the answer to part (b) to find the value of & for which

3k l
f(x)dr = 2120

k
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Question 3 continued
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Question 3 continued
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Question 3 continued

(Total for Question 3 is 11 marks)
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ANSWER >

. ™
7. The number of goats on an island is being monitored.

When monitoring began there were 3000 goats on the island.

In a simple model, the number of goats, x, in thousands, is modelled by the equation

_k(9t+5)
443

where k is a constant and ¢ is the number of years after monitoring began.

(a) Show that k= 1.8
()

(b) Hence calculate the long-term population of goats predicted by this model.
1

In a second model, the number of goats, x, in thousands, is modelled by the
differential equation

3 = x(9 - 20)

3
(c) Write . ( in partial fraction form.

9 — 2x)
3)
(d) Solve the differential equation with the initial condition to show that
9
X = —
2+e

3
6

(e) Find the long-term population of goats predicted by this second model.
1

£
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Question 7 continued
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Question 7 continued
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ANSWER >

Question 7 continued

(Total for Question 7 is 12 marks)
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Leave\
blank

10. (a) Write _ in partial fraction form.
(H —=5)(H +3) 3)

The depth of water in a storage tank is being monitored.

The depth of water in the tank, H metres, is modelled by the differential equation

dH _ (H =5)H +3)

dr 40

where ¢ is the time, in days, from when monitoring began.
Given that the initial depth of water in the tank was 13 m,

(b) solve the differential equation to show that

10 43¢

H
2 _ e—0.2t (7)
(c) Hence find the time taken for the depth of water in the tank to fall to 8 m.

(Solutions relying entirely on calculator technology are not acceptable.)

3
According to the model, the depth of water in the tank will eventually fall to £ metres.

(d) State the value of the constant k.
¢y

£
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Question 10 continued
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Question 10 continued
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Question 10 continued
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Question 10 continued
Q10
(Total 14 marks) |
TOTAL FOR PAPER IS 75 MARKS
END
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SUB-TOPIC P4.2b

BINOMIAL EXPANSION FOR ANY RATIONAL POWER

Sub-topic P4.2b - 17 questions - 125 marks - lowest tariff first
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ANSWER >

1. Find, in ascending powers of x up to and including the term in x°, the binomial
expansion of

1
1-4x)"° X < =
( ) |x| 2

fully simplifying each term.
4
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Question 1 continued

(Total for Question 1 is 4 marks)
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ANSWER >

7

1. (a) Find the first four terms, in ascending powers of x, of the binomial expansion of

N .
(2-5x) ~;
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writing each term in simplest form.
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(b) Find the range of values of x for which this expansion is valid.
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Question 1 continued

(Total for Question 1 is 5 marks)
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ANSWER >

( Leave |
blank
1
4. f(x) = V1 — 4x? k| < 5
(a) Find, in ascending powers of x, the first four non-zero terms of the binomial expansion
of f(x). Give each coefficient in simplest form.
)
(b) By substituting x = 1 into the binomial expansion of f(x), obtain an approximation
for \/§
Give your answer to 4 decimal places.
(2)
. J
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( LeaveN
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Question 4 continued
Q4
(Total 6 marks) —]
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ANSWER >

7

1. (a) Find the first 4 terms of the binomial expansion, in ascending powers of x, of

1 8

(8 - 3x) 3 |x| <=

3

giving each coefficient as a simplified fraction.
@
2
(b) Use the answer from part (a) with x = 3 to find a rational approximation to Y6
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ANSWER >

Question 1 continued

(Total for Question 1 is 6 marks)
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ANSWER >

( Leave\
blank
1. (a) Find the first 4 terms, in ascending powers of x, of the binomial expansion of
1
(l - SxJ2 |x| < L
4 20
giving each coefficient in its simplest form.
(6))
1
By substituting x = 100 into the answer for (a),
(b) find an approximation for J5
Give your answer in the form 9 Where a and b are integers to be found.
b @)
. J

Q\?ﬂ
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Question 1 continued

(Total 7 marks) —]
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Leave
blank

1. Given that £ is a constant and the binomial expansion of

I+ kx kx| < 1

in ascending powers of x up to the term in x* is
1
1+ §x+Ax2+Bx3

(a) (1) find the value of &,

(i1) find the value of the constant 4 and the constant B.

)
(b) Use the expansion to find an approximate value to ~+/1.15
Show your working and give your answer to 6 decimal places.
2

Q\?ﬂ
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Question 1 continued
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Question 1 continued
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Question 1 continued

(Total 7 marks) —]
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ANSWER >

( Leave |
blank
1. (a) Find the first 4 terms of the binomial expansion, in ascending powers of x, of
2 9
—= k<3
9 —-2x 2
giving each coefficient as a simplified fraction.
)
By substituting x = 1 into the answer to part (a),
(b) find an approximation for J7 , giving your answer to 4 decimal places.
2
. J
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( LeaveN
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Question 1 continued
Q1
(Total 7 marks) —]
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ANSWER >

( Leave |
blank
2. (a) Find, in ascending powers of x, the first three non-zero terms of the binomial series
expansion of
1
J1 + 4x° x| < 5=
Ve xl< g
giving each coefficient as a simplified fraction.
“
1
(b) Use the expansion from part (a) with x = 3 to find a rational approximation to P31
3)
. J

INZ]
59



ANSWER >

( LeaveN
blank
Question 2 continued
Q2
(Total 7 marks) —]
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ANSWER >

-
1. The binomial expansion of
(3 +kx)? |kx| <3
where k is a non-zero constant, may be written in the form
A+Bx+Cx’+Dx’+ ...
where 4, B, C and D are constants.
(a) Find the value of 4
1
Given that C =3B
(b) show that
K +6k=0
3
(c) Hence (i) find the value of &
(i1) find the value of D
3
.
INZ]
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Question 1 continued
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(Total for Question 1 is 7 marks)

INZ]
62



ANSWER >

( LeaveN
blank
2. (a) Use the binomial expansion to expand
1 4
(4 - Sx) : |x| < —
5
in ascending powers of x, up to and including the term in x° giving each coefficient as
a fully simplified fraction.
(C))
f(x) = Zrh where £ is a constant and |x| < 4
V4 - 5x 5
Given that the series expansion of f(x), in ascending powers of x, is
3 2 .
1+ Ex +mx” + ... where m is a constant
(b) find the value of £,
2
(c) find the value of m.
(09
. J
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Question 2 continued
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Question 2 continued
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5 Question 2 continued

(Total 8 marks) T
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ANSWER >

-
4.
(x) l
X)= —F—
g 4 —x?
(a) Find, in ascending powers of x, the first four non-zero terms of the binomial
expansion of g(x). Give each coefficient in simplest form.
6))
(b) State the range of values of x for which this expansion is valid.
1
(c) Use the expansion from part (a) to find a fully simplified rational approximation
for \/5
Show your working and make your method clear.
2
.

Q\?ﬂ
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Question 4 continued
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(Total for Question 4 is 8 marks)
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ANSWER >

2 8
f(x) = (8 — 3x)3 0<x<§

(a) Show that the binomial expansion of f(x) in ascending powers of x up to and
including the term in x° is

2
A—8x+%+Bx3+...

where 4 and B are constants to be found.
4

(b) Use proof by contradiction to prove that the curve with equation

=8+ 8x——x°
g 2

does not intersect the curve with equation

2
y=A—8x+x—+Bx3 O<x<§
2 3
where 4 and B are the constants found in part (a).
(Solutions relying on calculator technology are not acceptable.)
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Question 8 continued
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Question 8 continued
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Question 8 continued

(Total for Question 8 is 8 marks)
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7

3. Given that the binomial expansion, in ascending powers of x, of

1

6(4+Ax) 2

is B—%x+Cx2+...

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

For the expansion,

(c) find the coefficient of the term in x’

(b) State the range of values of x for which this expansion is valid.
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Question 3 continued

(Total for Question 3 is 8 marks)
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5x+10

L. tO = 92+

(a) Write f(x) in partial fraction form.

3
(b) (i) Hence find, in ascending powers of x up to and including the terms in x°, the
binomial series expansion of f(x). Give each coefficient as a simplified fraction.
)
(i) Find the range of values of x for which this expansion is valid.
1
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Question 1 continued
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Question 1 continued
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( )

Question 1 continued
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(Total for Question 1 is 9 marks)
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ANSWER >

7

1. (a) Find the first 4 terms of the binomial expansion, in ascending powers of x, of

3
1 1 )2 1
———=x Ix| < =
4 2 2

giving each term in simplest form.

Q)]
Given that
. 3 1
) -l
- == ——=x| =|--—x
4 2 4 2 4 2
(b) write down the value of n.
e))
(c) Hence, or otherwise, find the first 3 terms of the binomial expansion, in ascending
powers of x, of
1
1 1 )2 1
(— - —xj x| < =
4 2 2
giving each term in simplest form.
3)
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Question 1 continued
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Question 1 continued
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Question 1 continued

(Total for Question 1 is 9 marks)
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ANSWER >

r

4. (a) Find, in ascending powers of x, the first 4 terms of the binomial expansion of

1

(4 + 5x)2

giving each term in simplest form.

5)

(b) State the range of values of x for which this expansion is valid.
1)

Using the expansion from part (a),

1
(c) (i) state the first 4 terms of the binomial series expansion of (4 — 5x)?
(i) show that, if x is sufficiently small,
1 1
(4+5x)% +(4-5%)2 ~a+bx’
where a and b are constants to be found.

3)

Q\?ﬂ
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Question 4 continued
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Question 4 continued
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Question 4 continued

(Total for Question 4 is 9 marks)
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ANSWER >

e ™)
8. (a) Find, in ascending powers of x, the first three non-zero terms of the binomial series
expansion of
L
4+ x
giving each coefficient as a simplified fraction.
4
Using the expansion from part (a),
1
b) state the first three non-zero terms of the binomial series expansion of ——=
® P Vi—x
1
(c) Hence, or otherwise, show that
! X ! ~a+ bx’
4+x 4-x
where a and b are fully simplified fractions to be found.
(2)
(d) Use
! x ! =a+bx’
4+x 4—x
with x =1 and the values of @ and b to find a fully simplified rational
approximation for 135
Show your working and make your method clear.
3
\ y,

Q\?ﬂ
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Question 8 continued
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Question 8 continued
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Question 8 continued

(Total for Question 8 is 10 marks)

S
<

o8
R

%
KX
KX

%

90



MARK SCHEMES

official mark schemes, in the same order as the questions
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MARK SCHEME - IAL P4 (WMA14) - October 2022 - Q2 P4.2a Partial fractions < QUESTION

General Principles for Pure Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:
1. Factorisation
(x* +bx +c) = (x+ p)(x+q), where|pg| =|c

, leadingtox=...
(ax? +bx +¢) = (mx + p)(nx +q), where|pg| = |c| and |mn| =|a

, leadingtox=...

2. Formula
Attempt to use correct formula (with values for a, b and ¢).

3. Completing the square
Solving X’ +bx+c=0. (x£3)°+q*c, q#0, jeadingtox=..

’

Method marks for differentiation and integration:
1. Differentiation

-1
Power of at least one term decreased by 1. (Xn — X" )

2. Integration
. n n+l
Power of at least one term increased by 1. (X = X' )

Use of a formula
Where a method involves using a formula that has been learnt, the advice given in recent examiners’
reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are small
mistakes in the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication from correct
working with values, but may be lost if there is any mistake in the working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is asked for, or
working with surds is clearly required, marks will normally be lost if the candidate resorts to using
rounded decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will give details of what
happens in particular cases. General policy is that if it could be done “in your head”, detailed working
would not be required. Most candidates do show working, but there are occasional awkward cases
and if the mark scheme does not cover this, please contact your team leader for advice.
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< QUESTION

General Principles for Core Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles).

Method mark for solving 3 term quadratic:

1. Factorisation
(X* +bx+c)=(x+ p)x+q), where|pq| = |c| , leadingtox = ...

(ax® +bx +c) = (mx + p)(nx +q), Where|pq| = |c| and |mn| = |a| , leadingtox = ...

2. Formula
Attempt to use the correct formula (with values for a, b and c).

3. Completing the square
2
b
Solving x> +bx+c=0: (Xiij tq+c=0, g#0,leadingtox=...

Method marks for differentiation and integration:

1. Differentiation
Power of at least one term decreased by 1. (x" — X" )

2. Integration

Power of at least one term increased by 1. (x" — x"*")

Use of a formula
Where a method involves using a formula that has been learnt, the advice given in recent
examiners’ reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are small
errors in the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication from correct
working with values but may be lost if there is any mistake in the working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is asked for,
or working with surds is clearly required, marks will normally be lost if the candidate resorts
to using rounded decimals.




< QUESTION

Question
Number Scheme Marks
. 2 dy
1 Attempt at chain rule Vo Y M1
2 2 dy
Attempt at product rule xy—>.x o +..xy M1
. - dy > dy
Correct differentiation 2—8y——+6xy+3x"===28x Al
dx dx
dy 14
i =3 p= 2= M1, Al
Substitutes x =3,y =2= o 1
Correct method for normal at (3, 2) =>y-2= E(x —3) dM1
14
11x-14y-5=0 Al
Q)
(7 marks)
. 2 dy i
M1: Attempts at chain rule y —.. ya where ... is a constant
2 2 dy
M1: Attempt at product rule xXy—o.x a+ ...Xy where ... are constants
d d
Al: Correct differentiation 2x—4y” +3x’y =4x" +8 — 2— Syay +6xy +3x7 Ey =8x oe.
You may see 2x—4y” +3x’y =4x" +8 = 2dx—8ydy + 6xydx + 3x’dy = 8xdx o.e. which is fine
d d d
Note that ay =2-8 yay +6xy+ 3x° ay —8x is A0 unless recovered
d
MI: Substitutes x =3,y =2 into a suitable equation and finds a value for ay
d
It is dependent upon having exactly two ay terms, one from differentiating each of y2 and x° y
dy 14
Al: a = —ﬁ 0.€.
dM1: Dependent upon the previous M. It is for a correct method of finding the equation of
11
the normal at (3,2). Look for y—2 = "H"( X— 3) with the negative reciprocal of

14
their ——— being used.

11

If the form y = mx +c is used they must proceed as faras ¢ = ...
Al: 11x—14y—5=0 but accept any integer multiple of this. The "= 0 " must be seen




< QUESTION

Question
Number Scheme Notes Marks
3(a) 3y* —11x* +11xp =20y —36x +28
= 6yd—y—22x+11xd—y+11y = 20d—y—36
dx dx dx
dy MIMIAL
Ml: y? =
y oAy
Ml: lbcy—>px%+qy
Al: All correct
(6y+11x—20)2 =22x-11y-36= d_y=
dx dx M1
Collects terms in % (must be 3 and from the appropriate terms) and makes %the subject
dy 22x-11y-36 . .
o = m Correct expression or correct equivalent Al
(6))
(b) . . .
x= 4253y 176+ 44y = 20y —144+28 Substitutes x = 4 into C to obtain a 3TQ M
iny
3)°+24y-60=0=>y=... Solves for y M1
y=-10 (,2) Correct value Al
Substitutes x = 4 and their negative y
(4,-10) » L _ 88+110-36¢ o dy Mi
dx -60+44-20 into their o
% =—% Correct value Al
3
Total 10
‘\’/.



< QUESTION

i
I%Efﬁ;:rll Scheme Notes Marks
4@) 44 _4_B __C -
. (x— 2)2 ) (x— 2)2 Correct form for the partial fractions Bl
4—4x=A(x- 2)2 +Bx(x—2)+Cx Uses a correct strategy to find atleast |\,
—A=.orB=..or C=.. one of their constants
4-4x 1 12 2 correct constants Al
x(x—2)2 x o x=2 (X—z)z All correct Al
@
(b)
112 5 dx=lnx—ln(x—2)+i(+c) M1
x x=2 (x—2) x=2
a a
M1 for j—dxzﬂlnx or —dx=,B1n(x—2) Ml
b x—2
a B
MI f dx =
Orj‘(x_z)2 x-2 Al
Al: All correct
| 3)
© {1 In(x-2)+—2 T (ms In3 2) (In3-In1+2)
nx—In(x-2)+ = —In3+Z |- Inl+
x=21 3 M1
=1n§—i
9 3
M1: Correct use of limits and reaches the required form using log rules Al
Al: Correct answer
2
Total 9




MARK SCHEME - IAL P4 (WMA14) - June 2022 - Q2, Q1 P4.2a Partial fractions < QUESTION

General Principles for Pure Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:
1. Factorisation

(X* +bx+¢) = (x+ p)(x+0Q), Where‘ pQ‘ = ‘C , leadingto x= ...

(ax” +bx +c) = (mx+ p)(nx+q), where|pg| =|c[and [mn[=|a| | |eading to x= ...
2. Formula

Attempt to use correct formula (with values for g, band q).
3. Completing the square

Solving X +bx+c=0. (xt9)°+qtc, q=#0, leading to x= ...

Method marks for differentiation and integration:
1. Differentiation

n n-1
Power of at least one term decreased by 1. (X” = X )

2. Integration
. n n+l
Power of at least one term increased by 1. (X' = X" )

Use of a formula
Where a method involves using a formula that has been learnt, the advice given in recent
examiners' reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are small
mistakes in the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication from
correct working with values, but may be lost if there is any mistake in the working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is asked for,
or working with surds is clearly required, marks will normally be lost if the candidate resorts
to using rounded decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will give details
of what happens in particular cases. General policy is that if it could be done “in your head”,
detailed working would not be required. Most candidates do show working, but there are
occasional awkward cases and if the mark scheme does not cover this, please contact your
team leader for advice.
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MARK SCHEME - IAL P4 (WMA14) - January 2024 - Q2, Q1 P4.2a Partial fractions < QUESTION

General Principles for Pure Mathematics Marking
(NB specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:
1. Factorisation

(X* +bx+c) = (x+ p)(x+0), where|pg| =c| jeading to x = ...

(ax® +bx+c) = (mx+ p)(nx+q), where |pg| =|c| and [mn| =|a| |eading to x = ...
2. Formula

Attempt to use correct formula (with values for a, b and c)
3. Completing the square

Solving x* +bx+c=0: (x+3)*£q£c, q#0 |eading tox = ...

Method marks for differentiation and integration:
1. Differentiation

Power of at least one term decreased by 1 (X" — x"™)
2. Integration

Power of at least one term increased by 1 (x" — x"*)
Use of a formula
Where a method involves using a formula that has been learnt, the advice given in recent
examiners’ reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are small
mistakes in the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication from correct
working with values, but may be lost if there is any mistake in the working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is asked for, or
working with surds is clearly required, marks will normally be lost if the candidate resorts to
using rounded decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will give details of
what happens in particular cases. General policy is that if it could be done “in your head”, detailed
working would not be required. Most candidates do show working, but there are occasional
awkward cases and if the mark scheme does not cover this, please contact your team leader for
advice.
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< QUESTION

Question Scheme Marks
Number
9(a
@ _t _A B (2x-1)+Bx=A=..or B=... M1
x(2x-1) x 2x-1
1 2 1
x(2x-1) 2x-1 x Al
2
b
(b) @=ih(2h 1 cos : iCOS(L)dT M1
dt 50 h(2h 1) 50 \10
1 - (L——jdh—ln(zh—l)—lnh M1
h(2h—1) 2h-1 h
(L—ljdhz icos( jdt:ln(Zh 1)—Inh——sm( ] (+c) Alft
2h—-1 h 50 10
eg. t=0,h=25= In(2x25-1)-In2.5=c or
— 1sin L Ml
e.g. In 2h = 1=1:s|n( t j+c:M=Xe5 [1"] t=0,h=25=X =16
h 5 10 h
1 t
|n(2h—1)—|nh=lsin( t j+ln1 6 2171y 6ol
5 10 h M1
1sin[Lj
=2h-1.6he® " =1=h=..
B 5
YR o) Al
10-8e® ‘1
(6)
(C) . ( t ) t T 5z 9rx
sin| — =1l —=—, —, —,.=>t=.. M1
10 0 2 2 2
t =457 =141 (s) Al
)
Total 10
(@)
M1: Correct attempt at partial fractions. Sets _t A+ and uses a correct method to
x(2x-1) x 2x-1
identify at least one constant. Incorrect work e.g. §+ 2xB 1 = 1= Ax+B(2x-1) etc. is MO.
Al: Correct partial fractions. Note that this mark is not just for the correct constants, it is for the
correct written fractions but allow this mark to be scored if it is seen in part (b) (in terms of h
or X).
2 -1 H -1 -1
Condone ™ +7 or written as e.g. 2(2x—-1)~ —x




< QUESTION

Question
Number Scheme Marks
2(2) 2" 52'm2 Bl
d
y2 —>...yay Ml
4x°y > x2d—y+ X M1
DA e i R
dy > dy x
3+10y—+ 4x"—+8xy = 10x2 In2 Al
ydx o Y
2\ dy x dy
(10y+ 4x )— =10x 2 n2-3-8xy =>— = ... Ml
dx dx
d 10x 2" In2-3-8
¥ _ X2 i Al
dx 10y + 4x°
Q)
B1:  Correct differentiation 2° — 2" In2
d .
M1: For y2 - yay where ... is a non-zero constant.
M1: For 4x2y—>...x2%+...xy where ... are non-zero constants.

Al: Correct differentiation e.g.
3+1oyd—y+ 4x2d—y+8xy = 10x2"In2 ore.g. 3+10yd—y+ 4x2d—y+8xy ~10x2 In2=0
dx dx dx dx

Condone a spurious ,,d_y:,, e.g. d_y:3+10yd_y+ 4x2d—y+8xy = 10x 2" In2
dx dx dx dx

M1: A valid attempt to make % the subject by factorising % from exactly two different terms in

% which have come from differentiating 5y° and 4x’y and then dividing by the terms in

the bracket. Note that here, 2 different terms means terms such as y% and x’ % and not

e.g. y% and Sy%. Look for (i)%z:%z which may be implied.

% must be non-zero and in terms of x and y.
Condone slips provided the intention is clear and the above conditions are satisfied.

. . d . .. .
For those candidates who had a spurious ay =...at the start, they may incorporate this in their

rearrangement in which case they will have 3 terms in % and so score MO.

Al: Y = 10x2 In2-3-8x% or any equivalent correct expression e.g. 2 In2-0.3-038%

dx 10y + 4x° y+ 0.4x°
Note than some candidates may divide though by 10 initially e.g.
3x+5y* +4x’y = 10(2" ) +35=0.3x+0.5y> +0.4x>y =2" +3.5 and full marks are available for

equivalent work in (a) and (b). Note that 2 may appear correctly as e

Lo
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< QUESTION

2(b) Atx=0 5)°=45=y=3
dv  10x2"In2-3-8x0x3 10In2-3 Ml Al
x=0,y=3=>— = =
dx 10x3+ 4x0° 30
2
Notes:
M1: Full method of finding the gradient.
Requires:

e substituting x = 0 into the equation for C and finding a non-zero value for y. Do not
be concerned about the processing as long as they are using x = 0 in the equation for C
and finding a non-zero value for y

I . . . d .
e substituting x = 0 and their non-zero y at x = 0 into their ay to find a numerical value

This may be implied by their value.
Condone slips in copying their % from part (a) if the intention is clear.

If they have a “In x” term on the rhs then condone “In 0” appearing as part of their substitution
but if no substitution is shown in such cases, score M0

10
Al: 10In2-3 oee.g. lln Z—L, In2 -3 , In1024 -3 from correct work.
30 3 10 30 30
Apply isw once a correct answer is seen.

There must be no other answers e.g. some candidates use y =23 to give 2 gradients.

. . . d o
There are many different incorrect expressions for ay that will give the correct answer here so

this must follow a correct % in part (a).

‘ (8 marks)




< QUESTION

2

(c) Otherwise: Applies binomial expansion to G—%xj

1
B1: Correct simplified expression (E_lx)z :1(1_2)()%
4 2 2

1

1(1_1 1(1_1
M1: Correct structure for 3rd term: M(—Zx)z but allow %(ikx)2 with or without brackets. Even

2!
allow with k=1

Al: =—=x—=x"+... Ignore extra terms of x3 and above

Direct expansion in ()

a2 ey By

B1: Obtains an expansion with a constant term of 8

M1: Attempts the binomial expansion of G—% XJ ’ to get the third and/or fourth term with an acceptable
structure.
Py o LR ey
—— |X| == - 2 —— | X == |X| ——= 2 3
Look for #(E] Z(ilx) or 2 2 2 (lj z(ilxj
2 4 2 3!
with or without the brackets on the [J_r%)(]

Al: Correct simplified or unsimplified expansion .

Expression at the top of the page is acceptable
Al: Two correct and simplified terms of 8+ 24x+60x* +140x°
Al: All correct and simplified 8+ 24x+60x* +140x>

Direct expansion in (c)
11 2_1% 1(1Y7( 1.}
B1: First two terms which may be unsimplified (Z’Exj ‘[Zj +§(Z) (’Ex] e
)
-=X
2
2

Al: Correct simplified expansion %—%x—%x +...

2z
sl Z-1, 8
M1: Correct form for the third term %G) 2




< QUESTION

(@)
2
B1: Correct coordinates or position vector e.g. as shownorx=2,y=3,z=-7o0r2i +3j—-7kor| 3
-7
Condone (2i, 3, —7k)
(b)
1 4
M1: Attempts | 2 || =1 | condoning slips. Note that any non-zero multiples of these vectors can be used.
2 8

If the method is not explicit then this mark may be implied by 2 correct components.

dM1: Full attempt at ab = |a||b|cos€ where a and b are the direction vectors or multiples of them.

Depends on the first method mark.

Note that cosé = 4-2+16 would imply both method marks.

\/12 +22 +22 \/42 +1Z +82

) 2
Al: cos@ = 3

(b) Alternative using the cosine rule:

4 1
M1: Attempts *| | =1 |- f| 2
8 2

dM1: Full attempt at the cosine rule using the appropriate lengths.
Depends on the first method mark.
. 2
Al: cosd = 3
(c)
M1: Uses A = 6 to find the length of PQ. E.g. uses Pythagoras to calculate |6i+12j +12k| or 6|i +2j+ 2k|
If the method is not explicit then the attempt at @ may be implied by 2 correct components.

MZ1: Full attempt at %absin C wherea=h= ‘@‘ and C is their & which may be attempted in decimals.

Their 6 or sin & must follow an attempt to use their cos 9.

. 162./5
Al: 54,/5 or exact equivalent e.g. T\f




< QUESTION

Nmber Scheme Herke
10Ga) ! _ A4 + B = A=..o0r B=.. M1
(H-5)(H+3) H-5 H+3
A= 1 or B= L Al
8 8
1 1 1 _1
1 _ 1 B 1 or 3 _ 3 or 3 + 3
(H-5)(H+3) 8(H-5) 8(H+3) (H-5) (H+3) (H-5) (H+3) R
1 1
or -
8H-40 8H +24
&)
®) A (H-5)(H+3)
dr 40
LdH= —1df ore.g. ;dH= L dt Mi
(H—S)(H+3) (H—5)(H+3) 40
SRR dH = | -1dr ore.g. iyt __r dH = —Ldt
(H-5) (H+3) 8 ) (H-5) (H+3) 40
51n|H—5|—51n|H+3| =—t(+c) oe e.g. l1n|H—5|—lln|H+3|=—il‘(+c)
8 8 40 M1 Alft
Ore.g. 5In(8H —40)—5In(8H +24) =—1(+c) etc.
Substitutes t =0, H =13 =>c=...
Note that this may happen at a later stage e.g. may attempt to remove logs and then Ml
substitute to find the constant
51n|H—5|—51n|H+3|:—t+51n(%] oee.g.
1 1 1 1 1 Al
Linjrr-s)-Lijr 43 = - lm[ L
8 8 40 8 \2
st 2223 o o B L on dddM1
H+3 H+3 2
10+3¢
Moo Al
Q)
(© 10+3e "% 6
Sets ————=8=¢ *¥=| — Ml
2-e [11)
6
=t=-5In 1 = awrt3.03 days dM1 Al
(&)
(@ k=5 Bl
)
(14 marks)
(a)
M1: Attempts any correct method to find either constant. It is implied by one correct constant
Al: One correct constant

Lo
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MARK SCHEME - IAL P4 (WMA14) - January 2021 - Q10 P4.2a Partial fractions < QUESTION

1 1

8(H-5) 8(H+3)

Al: Correct partial fractions: . Note that this mark is not just for the correct constants, it is for the

correctly stated fractions either in part (a) or used in part (b). Allow 0.125 for 1/8.

(b)

M1: Separates the variables and uses part (a) to reach: P + 0 dH = | *k dr with or without the integral
(H-5) (H+3)

signs
M1: Attempts to integrate both sides to reach: @ In |H - 5| + fln |H + 3| =kt
ore.g. a ln|8H - 40| +p 1n|8H + 24| = kt Condone | | < ( ) and condone the omission of brackets e.g. allow
olmH-5+fInH+3=kt oreg. cn8H -40+ fIn8H +24 =kt
Alft: Correct integration of both sides following through on their PF in (a). Condone | | L4 ( ) and condone the
omission of + ¢ but brackets must be present unless they are implied by subsequent work.

Also follow through on a MR of % = w for ﬂ = —W
dr 40 dr 40

.1 1 1
E.g. obtains §In|H—5|—§ln|H+3| :Et(+c)

M1: Substitutes ¢ =0, H =13 = ¢ =... For this to be scored there must have been a + ¢ and depends on some attempt at

integration of both sides however poor.

H t H ¢
Alternatively attempts J‘ _r dH=J‘ 1 dt:[lnH_S} —[—l} =1 -5 1nl=_éz
0

(H-5) (H+3) 5 H+3), L5}, TH+3 2

13
Al: For a correct equation in A and ¢. Condone | | g ( ) but brackets must be present unless they are implied by
subsequent work.
dddM1: A correct attempt to make H the subject of the formula. All previous M's in (b) must have been scored.
10+3e , . :
Al*: H = —————>—cso with sufficient working shown and no etrors.
o O

2—

Note that marks in (b) may need to be awarded retrospectively:

E.g. First 3 marks gained to reach ln|H —5|—1n|H+3| = —ét+c and then:

- - -0.2¢
lnH Sz—lt-f-CjH 5=A670'2t:>H=5+3A6702
H+3 5 H+3 1-Ae™™
3 oo
S5+-e ~021
H=131=0=13=2"2 o 1oy " 2 _10+3
1-A 2 1 —0.2¢ 2—6 )

1—-—e¢
2

The M3 can be awarded when they attempt to find “A”, the dddM4 can be awarded for a correct attempt to
make H the subject and then A2 and A3 can be awarded together at the end.

(©

10+3e . . . . o
M1: Sets 2—6 =8 or possibly an earlier version of H or possibly their ¢ in terms of H and reaches

—e -0.2¢
Ae i0,2t: p, p > 0

+0.2¢

dM1: Correct processing of an equation of the form 4e =" “'= p with correct log work leading to ¢ =...
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< QUESTION

Depends on the first M.

Al: t=-5In (%} ort=5In (1—61J or awrt 3.03 (days)

(d)
B1: k=5 (Allow H= 5 or just “57)

A
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MARK SCHEME - IAL P4 (WMA14) - October 2023 - Q1 P4.2b Binomial expansion for any rational power < QUESTION

General Principles for Pure Mathematics Marking
(NB specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:
1. Factorisation

(x* +bx +c¢) = (x+ p)(x+q), where|pg| =|c

, leadingto x = ...
(ax® +bx +¢) = (mx+ p)(nx +q), where|pg| =|c| and |mn| =|a

, leadingto x = ...

2. Formula
Attempt to use correct formula (with values for a, b and c).

3. Completing the square
Solving X’ +bx+c=0. (x£8)*+q+c, q#0 leading to x = ...

Method marks for differentiation and integration:
1. Differentiation

Power of at least one term decreased by 1. (Xn - Xn71)

2. Integration
Power of at least one term increased by 1. (X" = Xn+1)

Use of a formula
Where a method involves using a formula that has been learnt, the advice
given in recent examiners’ reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if
there are small mistakes in the substitution of values.

Where the formula is not quoted, the method mark can be gained by
implication from correct working with values, but may be lost if there is any
mistake in the working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact
answer is asked for, or working with surds is clearly required, marks will
normally be lost if the candidate resorts to using rounded decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes
will give details of what happens in particular cases. General policy is that if it
could be done “in your head”, detailed working would not be required. Most
candidates do show working, but there are occasional awkward cases and if
the mark scheme does not cover this, please contact your team leader for
advice.
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MARK SCHEME - IAL P4 (WMA14) - October 2024 - Q1 P4.2b Binomial expansion for any rational power < QUESTION

General Principles for Pure Mathematics Marking
(NB specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:
1. Factorisation

(x* +bx+c) = (x+ p)(x+0), vvhere\ pQ‘ = ‘C‘ leading to x = ...
(ax* +bx+c) = (mx+ p)(nx+q), where|pg| =|c| and mn| = 4] leading to x = ...

2. Formula
Attempt to use correct formula (with values for a, b and c)
3. Completing the square

Solving X*+bx+c=0: (x£2)*+q+c, q=0 leading to x = ...

Method marks for differentiation and integration:
1. Differentiation

Power of at least one term decreased by 1 (X" — x"™)
2. Integration

Power of at least one term increased by 1 ( X" — x"*")

Use of a formula

Where a method involves using a formula that has been learnt, the advice given
in recent examiners’ reports is that the formula should be quoted first.

Normal marking procedure is as follows:
Method mark for quoting a correct formula and attempting to use it, even if there
are small mistakes in the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication
from correct working with values, but may be lost if there is any mistake in the
working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is
asked for, or working with surds is clearly required, marks will normally be lost if
the candidate resorts to using rounded decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will
give details of what happens in particular cases. General policy is that if it could
be done “in your head”, detailed working would not be required. Most candidates
do show working, but there are occasional awkward cases and if the mark scheme
does not cover this, please contact your team leader for advice.
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General Principles for Core Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles).

Method mark for solving 3 term quadratic:
1. Factorisation

(x* +bx+c) = (x+ p)(x+q), where|pg| =|c

, leadingtox = ...

(ax® +bx +c) = (mx + p)(nx +q), Where‘pq‘ = ‘c‘ and ‘mn‘ = ‘a

, leadingtox = ...

2. Formula
Attempt to use correct formula (with values for a, b and ).

3. Completing the square
Solving X" +bx+c=0: (xtf)’tgtc, ¢#0, leadingtox=..

Method marks for differentiation and integration:

1. Differentiation

Power of at least one term decreased by 1. (X" = x"")

2. Integration
Power of at least one term increased by 1. (X" —> x")

Use of a formula
Where a method involves using a formula that has been learnt, the advice given in recent examiners'
reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are small mistakes
in the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication from correct working
with values, but may be lost if there is any mistake in the working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is asked for, or
working with surds is clearly required, marks will normally be lost if the candidate resorts to using
rounded decimals.

N
RA
109
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General Principles for Core Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles).

Method mark for solving 3 term quadratic:

1. Factorisation

(x> +bx+¢) = (x+ p)(x +¢q), where|pg|=|d, leading to x = ...

(ax® + bx +¢) = (mx + p)(nx + q), where‘pq‘ = ‘c‘ and ‘mn‘ = ‘a ,leading to x = ...

2. Formula

Attempt to use the correct formula (with values for a, b and c).

3. Completing the square

b

2
Solving x* +bx+c¢=0: (Xizj tqtc=0, ¢#0, leading to x = ...

Method marks for differentiation and integration:

1. Differentiation

Power of at least one term decreased by 1.(x" — x"™")
2. Integration

Power of at least one term increased by 1. (x" — x"*")

Use of a formula

Where a method involves using a formula that has been learnt, the advice given in recent
examiners’ reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are small
errors in the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication from correct
working with values, but may be lost if there is any mistake in the working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is asked for,
or working with surds is clearly required, marks will normally be lost if the candidate resorts
to using rounded decimals.
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General Principles for Pure Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:
1. Factorisation

(x* +bx+c) = (x+ p)(x +q), where|pg| =|c

, leadingtox=...

(ax” +bx +¢) = (mx + p)(nx + q), where‘pq‘ = ‘c‘ and ‘mn‘ = ‘a , leadingto x = ...

2. Formula
Attempt to use correct formula (with values for a, b and c).

3. Completing the square
Solving Xabr+c=0. (x4 ’tqtc, ¢#0 leading to x = ...

Method marks for differentiation and integration:

1. Differentiation
n n-1
Power of at least one term decreased by 1. (X =¥ )

2. Integration
n n+l
Power of at least one term increased by 1. (¥ —> X " )

Use of a formula
Where a method involves using a formula that has been learnt, the advice given in recent examiners’ reports is that
the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are small mistakes in the
substitution of values.

Where the formula is not quoted, the method mark can be gained by implication from correct working with values, but
may be lost if there is any mistake in the working.

Exact answers
Examiners’ reports have emphasised that where, for example, an exact answer is asked for, or working with surds is
clearly required, marks will normally be lost if the candidate resorts to using rounded decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will give details of what happens in
particular cases. General policy is that if it could be done “in your head”, detailed working would not be required.
Most candidates do show working, but there are occasional awkward cases and if the mark scheme does not cover
this, please contact your team leader for advice.
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General Principles for Pure Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:
1. Factorisation
2
(x"+bx+c)=(x+p)x+q), Where|pq| = |c| , leadingtox=...

(ax* +bx +c) = (mx + p)(nx +q), Where|pq| = |c| and |mn| = |a| , leadingtox = ...

2. Formula
Attempt to use correct formula (with values for @, b and ¢).

3. Completing the square
2
Solving X tbxte=0. (xx3)tgte, ¢#0 leading tox = ...

>

Method marks for differentiation and integration:
1. Differentiation

n n—1
Power of at least one term decreased by 1. (¥ —> X )

2. Integration
n n+l
Power of at least one term increased by 1. (¥ =¥ )

Use of a formula
Where a method involves using a formula that has been learnt, the advice given in recent examiners’
reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are small mistakes in
the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication from correct working
with values, but may be lost if there is any mistake in the working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is asked for, or working
with surds is clearly required, marks will normally be lost if the candidate resorts to using rounded
decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will give details of what
happens in particular cases. General policy is that if it could be done “in your head”, detailed working
would not be required. Most candidates do show working, but there are occasional awkward cases and if
the mark scheme does not cover this, please contact your team leader for advice.
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General Principles for Core Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles).

Method mark for solving 3 term quadratic:
1. Factorisation

(x* +bx+c) = (x+p)x+q), where‘pq‘ = ‘c , leadingtox=...

(ax® +bx +¢) = (mx + p)(nx +q), where‘pq‘ = \c\ and \mn‘ = ‘a , leadingto x = ...

2. Formula
Attempt to use correct formula (with values for a, b and ¢).

3. Completing the square
Solving X’ +bx+c=0: (xt&)’tqgtc, ¢#0, leadingtox=..

Method marks for differentiation and integration:

1. Differentiation

Power of at least one term decreased by 1. (¥" = x"™)

2. Integration
Power of at least one term increased by 1. (X" = x""")

Use of a formula
Where a method involves using a formula that has been learnt, the advice given in recent examiners'
reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are small mistakes
in the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication from correct working
with values, but may be lost if there is any mistake in the working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is asked for, or
working with surds is clearly required, marks will normally be lost if the candidate resorts to using
rounded decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will give details of what
happens in particular cases. General policy is that if it could be done “in your head”, detailed working
would not be required. Most candidates do show working, but there are occasional awkward cases
and if the mark scheme does not cover this, please contact your team leader for advice
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P4.2b Binomial expansion for any rational power

%ﬁ;ﬁ? Scheme Marks
3(a) | Attempts (2i—3j+4k)—(8i—5j+3k) M1
RQ =-6i +2j+k Al
o )
(b) | Attempts PQTRQ =2x—6+-3x2+4x1 M1
Full attempt to find cosPQR E.g.
2x—6-+-3x2+4x1= /29 /F1cos PQR M1
Angle PQR = 114° Al
@)
(5 marks)
@) o o
M1:  Attempts to subtract vectors PQ and PR either way around. Look for PQ—PRor
PR —W}. If a method is not shown it can be implied by two correct components of
6i+2jtk Note that an attempt such as PR—QP is MO

-6

—6i

Al: RQ=-6i+ 2j+k o.e.suchas| 2| Do notaccept coordinates or indeed | 2j

(b)

M1: Attempts scalar product of W} and their R—Q Look for an attempt at multiplying

together the
for sight of

1

k

components and adding. There will be some confusion over direction so allow

(£2746")+(£3x"42") + (£4x"217)

This cannot be scored if they attempt a scalar product of PQ and PR for instance.

dM1: Full attempt to find cos PQR using a.bz‘a‘ ‘b‘cos@ using vectors iﬁj and their

+RQ.

There must be an attempt at both moduli with at least one correct (which may be

unsimplified)
but you should ft on their RQ. Don't be concerned whether the angle is acute or obtuse.
Al:  Angle PQR =awrt 114° ISW after sight of this, e.g followed by 66°

Alt (b)

M1: Attempts all three lengths or all three lengths 2 using Pythagoras' Theorem. Look for an
square and add with at least one modulus or modulus? correct.
dM1: Attempts to use the cosine rule with the lengths in the correct positions in order to find

attempt to

angle PQR

Look for cos PQR =

PQ’ +QR’ - PR’
2xPQxQR

There are more round about methods including finding other angles first and then using

the sine rule

but this method mark can only be awarded when an attempt is made at angle PQR
Al: Angle PQR = awrt 114°

It must be found using "correct” vectors, e.g . i(—6i +2j+k)and i(Zi —3j+4k)

If, for example RQis incorrect, e.g. 6i—2j+k, A0 will be awarded even if 114°is

stated

KA
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Question
Number Scheme Marks
1 2 4
5 L
4(a) =(4—xzj =47 (1-.) B1
4-x°
1 1),(.3 2 1] 3] 5 3
1 1X2 771 1 1X2 2 2 1X2 2 2 2 1X2 M1, Al
ISl B I | Rk 2 2T 3l 3
1 1.1 i 3 o 5 5
W 2 2 16" 256 2048 AL Al
®)
®) x| <2 B1
(o
() Substitutes an appropriate value of x in both sides with LHS in terms of \/§ M1
. 2048 3543
EgW|th Xx=1 \/é—rsj- or m Al
)
(8 marks)

(8) Note that the first mark in (a) is M1 on epen. We are now marking it as B1
B1: Correct constant term/ factor.

1
Accept as 4 2 or % as the constant term or as the factor with the bracket starting (1....

M1: Correct attempt at the third or the fourth term of binomial expansion of form (1+ axz)

Look for a correct binomial coefficient with a correct power of x

1 1 1 1 1
E.g. —(J_rax j or (J_rax ) where a could be

2 3!
1
Al: Correct unsimplified
For example
. 1 1 1 1 1
PO IR G ) PP 1 i wd B
b)) PR I
3 4 5 6

) - 1 12
Al: Two correct and simplified terms of 5+76* *756 X T 7048 %

1 1 2 3 4 5 s L S
Al 516X T256 X T 5048 ¢ . Accept as a list, ignore any terms with indices greater than
these.
(b)

B1: States a correct range. E.g ‘ X ‘ <2 0r-2<x<2o0.e.

(c) For example: See **
M1: Substitutes an exact value of x into both sides of their expansion that enables ﬁ to be found

&
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Question Scheme Marks

8(a) 3 ) .
(8-3x) =16(1—§ XJ but condone 16(1—kx)?,k =3 M1

"Correct” term 3 or term 4 in

o1 e i
e

2 3 3
Two terms correct of 16—8x+%+%+... following M1, M1 and k :J_rg Al

2 3

=16—8X+X—+X—+... Al
2 24
(4)
(b) 15x? . XX X,
Assume the curves meet so 8x — +8= 16—8x+?+ﬂ (for some x) M1

3

3
:>0:8—16x+8x2+X—+...:>0:8(x2—2x)+8+x—+...:>8(x—1)2 +.4. | M1
24 24

:>0=8(x—1)2+;(—j1r Al

Requires
3

2 X
e Argument that 8(x—1) +o,70

2 x? 8 2 X Al
E.g. 8(x—1) >0and — >0 (for 0<x<=)so 8(x—1) +—>0
24 3 24
e Minimal statement (contradiction) and conclusion
(4)
(8 marks)

(@)
4 4 4
M1: Attempts to takes out a factor of 16 or 8°. Look for (8—-3x)°=16(1—kx)*, k=3

4 4 4
or (8—3x)*=8°(1-kx)®, k=3 Condone incorrect values of k other than 3

4
M1: Attempts the binomial expansion on (1— kx)3 achieves at least a "correct" term 3 or term 4
(which may be unsimplified) for their k. Even allow with k =1
4 1 4 1 [ 2

x= §X§X
Look for either %(thyor T

SJ (+kx)° With the correct binomial coefficient and the correct

power of x. Condone missing brackets on the (kx) terms.

4
3 3

If they expand (1_:)(}3 without showing the unsimplified terms it is implied by + 3);4

2 3 3
Al: For two correct and simplified terms of 16—8x+%+%+... following M1, M1 and k = ig

Al: Correct expansion from correct work. Terms may be as a list for both accuracy marks

‘X'{‘



MARK SCHEME - IAL P4 (WMA14) - June 2024 - Q8 P4.2b Binomial expansion for any rational power < QUESTION

41 [ 2]
Alt (2) by direct expansion. (g+3x):=g° + :[83j(igx)+323[83](igx)2 +3363[83](i3x)3+...
4
M1: For 8° or 16 oe seen as the constant term E.g. =16+..X+...
M1: For the correct term 3 or term 4 of the expansion. Condone missing brackets on the (+3x)*, (+3x)°
terms
2 3
Al: For two correct and simplified terms of 16—8x+%+%+... Allow as a list

Al: Correct expansion from correct work. Allow as a list
(b)
M1: Sets up the contradiction hypothesis using the result of their (a) and setting equal to the quadratic
equation. There must be some words so look for a minimum of
2 2 3
15x +8:"16“—8x+x—+ X
2 "24"

M1: Rearranges terms and attempts to complete the square (or factorises as k (x-1) (x-1) ) on the
guadratic terms or other means to show the quadratic part is always positive (e.g. considers discriminant).

The work on the quadratic terms of the expression, which must be of the form 8x* —16x + (A—8) should
take the form of one of

o 8X -16x+(A-8)=8(x-1) +...

Assume they meet (or simply let) 8x—

o 8x*—16x+(A-8) and attempts b’ —4ac =16 —-4x8(A-8)=...

3

Al: Correctly completes the square to form equation 0 = 8(x—1)2 +%.
Via the discriminant you would need b* —4ac =16° —4x8x8=0,

Al: Completes the argument by drawing together the contradiction.
3

2 3
States that 8(x—1) >0and % >0 (in the interval), hence 0= 8(x—1)2 +%so proven

3
Stating that 8(x —1)2 + % > 0 is insufficient without some explanation. (See above)

Stating that both terms are positive (as x > 0) is not enough as 8(x —1)2 =0 atx=1

For discriminant must mention b” —4ac =0, hence single root (at 1) and positive quadratic or
3

- X3 2 X
similar, — >0 hence O¢8(x—1) +—S0 proven.
24 24

There will be alternatives for the middle two marks in (b), so consider carefully what is attempted.
3
For example, candidates could work on the cubic 8—-16x +8x* +%. Condone use of calculus which

would involve some calculator work that proves that the function has a minimum value at x = awrt 0.99 y
3
= awrt 0.04 and hence 8—-16x +8x* +% #0 (for 0<x< g) proving that there is a contradiction. M1:

Differentiates, sets = 0 and solves to find x and y in the interval. A1: Correct with proof of minimum
3

Note that merely solving 8 —16x +8x* + % =0on a calculator to get x =-194and stating this is not in the

range is MO.
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General Principles for Core Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles).

Method mark for solving 3 term quadratic:

1. Factorisation

(X* +bx+c)=(x+ p)x+q), Where‘pq‘ = ‘c ,leading to x = ...

,leading to x = ...

(ax® +bx +¢) = (mx + p)(nx +q), where‘pq‘ = ‘c‘ and ‘mn‘ = ‘a

2. Formula
Attempt to use the correct formula (with values for a, b and c).

3. Completing the square
b 2
Solving x* +bx+c=0: (xizj tq+tc=0, ¢#0,leading tox = ...

Method marks for differentiation and integration:

1. Differentiation

Power of at least one term decreased by 1.(x" — x"")

2. Integration

Power of at least one term increased by 1. (x" — x"*)

Use of a formula

Where a method involves using a formula that has been learnt, the advice given in
recent examiners’ reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there
are small errors in the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication
from correct working with values, but may be lost if there is any mistake in the
working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is
asked for, or working with surds is clearly required, marks will normally be lost if
the candidate resorts to using rounded decimals.
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Question
Number Scheme Marks
1 8 1 8 2
Volume = J‘ br ; (dx) oee.g. 72'.[ ( j (dx) Bl
0 (x + 2) 0 X+ 2
J‘ 16 > dx = — ore.g.
(x + 2) (x + 2)
16 16 16 MEAL
u=x+2:>j 2dx=J‘_2du=_
()C + 2) u u
8
~l6z | _-l6x [—167[) [—167:}10 ~167 (—16;zj
= - ore.g. = - M1
(x + 2) . 10 2 u |, 10 2
32 Al
)
(5 marks)
B1:  Correct expression for the volume in terms of x including the limits (which may be implied by

Mi1:

Al:

later work). Condone omission of the “dx” but the correct integral with the correct limits and the
167 included must be seen or implied.

M1: For j ' (dx) > —"- oce.g. ...(x+2)71 where “...” are non-zero constants.
(x+2) x+2
Ore.g. J ~dx = j_z(du) 2 oee.g. ..u"" where “...” are non-zero constants.
(X+2) u u
16 -16 -16 _ .
Al: — (dx) =—— or — where u =x + 2. Ignore any reference to 7 which could
(x+2) (X + 2) u

be 27 or e.g. 180°. The limits are not required for this mark so you can ignore any that are given.

Substitutes the limits 0 and 8 into their attempted integration of ore.g. 2 and 10 into

(x+2)2

their attempted integration of —- and subtracts either way round. Allow this mark following
u

poor attempts at integration, €.g. .[ (dx) N ln(x + 2)2 but it must be a “changed”

(X-'l-"2)2

(dx) - > and it must an expression that can be evaluated

function e.g. not I

(x-.l-"2)2 (x-.|-2)

. |
e.g. not expressions containing — or e.g. Inx that cannot be evaluated at x =0
X

If the integration is incorrect and the substitution of limits is not seen explicitly then you may
need to check their answer.

32 7 or exact equivalent e.g. 614—0”, 6.47 following fully correct work. 32 7+c 18 AO.
5 5

8
Note I
0

167
(x+2)2

dx = % 7 on its own scores BIMOAOMOAO
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Question

Number Scheme Marks
5x+10 A B
1(a) (l_x)(2+3X)=1_X+2+3X:>ValuefoerrB M1
One correct value, either A=3 or B=4 Al
4
Correct PF form m+m Al
3)
A -1
©)(i) m=A(1—x) :A(1+x+x2+...] B1
2 2
B|(, 3x) [B 3x (1)( 2) ._Bl,_3x 9x :
L H{l e UH | -
_ 2 4 3x 9X
f(x)= 3x[1+x+x +...)+ > 1 >t M1
—5+%x2+ Al
(5)
(b)) |x|<§ B1
1)
(9 marks)
(b)(1) N\t 2
N (1 x) —1r x4+ X 4 B1
2
1 x| _J1 03X (D(=2)( 3x A, 3 9.2 _
ey {2}[1+( )2 [2J+___],_2[1 SERNAY (V¥
2
5x+10 2 1 3x  9x 2
m (5x+10)[1+x+x +"'jxf{1_?+T+”']:5+'"X+"'X M1
—5+%x2+ Al
©)]
-1
fbt\)l)t(lz) %=(5x+10)[2+(x—3x2n =—(5x+10) %x 3x J Bl
(1+ p(x)) (1+ p(x)+( D= 2)(p(x)) ]; 1{ ——(x 3% +l(x 3x) +] M1: Al
2 4 ’
1 1 3 1 5 35
10+5X)| S —=X+=X*+=X% +... |[=5-Sx+ x>+ —x2+...
( )[2 4 4 8 j 2 4 M1
‘}'f‘




MARK SCHEME - IAL P4 (WMA14) - June 2023 - Q1 P4.2b Binomial expansion for any rational power < QUESTION

Question Scheme Marks
Number
1(a) -3
(E—Exj *_8(1-2x) 2 B1
4 2
1 o TP [ T B
2 2 2 2 2 2 3
(1-2x) 2 :1+(—§)(—2x)+T(—2x) - 3 (-2x)"+.. | MLAL
G—;x) ® 84 24x+ 602 +140° +. Al Al
(5)
(b) n=2 B1
)
(© 2
(1—1xj St 1 e B1
4 2 16 4 4
1
[l—lsz :(i—1x+3x2j(8+24x+60x2 +140° +...)
4 2 16 4 4 M1
=8xi+24x><i+60x2xi—8x£x—24x><1x+8x1x2
16 16 4 4 4
L N Al
2 2 4
(3)
Total 9
(@

_3
B1: Takes out the correct and simplified common factor to obtain 8(1+...) ? Implied by an expansion 8 + ...

3
M1: Attempts the binomial expansion of (1+kx) 2 to get the third and/or fourth term with an acceptable structure.

The correct binomial coefficient must be combined with the correct power of x.
3 3 — S 3

————— 1 _31)(=2-2
Look for Z(ZIZ)(ikx)2 or Ho-(s )(J_rkx)swith or without the brackets on the kx

Even allow with k =1

3
AL: Correct simplified or unsimplified expansion for (1-2x) 2 . (NB simplified is 1+ 3x+%x2 +%x3

+...)

Al: Two correct and simplified terms of 8+ 24x +60x* +140x°
AL: All correct and simplified 8+ 24x+60x*+140x®  Ignore extra terms of x* and above

(b)

B1: Correct value, n = 2. Do NOT allow incomplete answers such as %
(c) Hence

2
B1: Correct expansion of (i—;xj , simplified or unsimplified

M1: Attempts correct strategy to find expansion.
Terms do not need to be collected. There may be other terms as well, for example terms in x3
Look for an attempt to find 4 or more terms from the following (condoning slips)

(A+ Bx+Cx2)(E+ Fx+Gx2 + Hx3+...): AE + AFX+ Aze + BEX+ BFx2 +CEx2 +...

Al: Correct simplified expansion. Ignore extra terms of x® and above
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Alternative by substitution u=3x
e.g. u:3x3J2x|n(3x)dx:j§ulnux%du
2 M1
=luzlnu—g u—xldu
9 9 2 u
= ...+..U? dMm1
2
1uzlnu—gxu— Al
9 4
x=1,3=u=39
9In9—%—(ln3—%j:l7ln3—4 ddMI1AL

M1: Attempts integration by parts the right way round achieving ...u’ In(u)i...jlxu2 du
u
2
Condone e.g. :llnu.uz—g u—><1du
9 9J 2 wu

dM1: For ..u° In(u)i...jlxu2 du...+..u%. Depends on the previous method mark.
u
2

Condone e.g. Lin u.u? _2u
9 9 4

2
Al:  Fully correct integration for their substitution: %UZ Inu —%qu or unsimplified equivalent e.g.

2
2 {l u’lnu— UI} with or without a constant of integration.

2 2 2
Condone e.g. Linuwz= 2<% but not e.g. Linw =24 Untess Linuw? =2 s seen first,
9 9 4 9 9 4 9 9 4
Any necessary brackets must be present unless they are implied by subsequent work.
ddM1: Substitutes in the limits 9 and 3 into an expression of the form au? In(u) + Su® or reverts back to
x and substitutes in the limits 3 and 1 and subtracts the correct way round.
Condone missing brackets e.g. 9In 9—%— In 3—%
Condone slips in substitution provided the intention is clear.
They may work on each term separately e.g.

270 9 27
1uzlnu—u— = Euzlnu L. =9In9—|n3_[g_1)
9 18], |9 , |18, 2 2

It is dependent on the two previous method marks.
Al: 17In3-4
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Alternative by substitution u=In(3x).
2 u 1 u 2 2u
eg. u :In(3x):>j2xln(3x)dx: ge u><§e du :§jue du
1 1 M1
==—ue® ——Iez"du

9 9

=..+..e" dm1
1 2u 1 2u
Zue® -—e Al
9 18

x=13=u=In3 In9
9In9—%—(ln3—%)=1?ln3—4 ddM1AL

M1: Attempts integration by parts the right way round achieving ...ue® i...Jez”du

dM1: For ..ue® J_r..._[ez”du =...+..e* . Depends on the previous method mark.

Al:  Fully correct integration for their substitution: %uezu —%ez" or unsimplified equivalent e.g.

9\ 2
Any necessary brackets must be present unless they are implied by subsequent work.
ddM1: Substitutes in the limits In 9 and In 3 into an expression of the form que® + Se® or reverts

back to x and substitutes in the limits 3 and 1 and subtracts the correct way round.

Condone missing brackets e.g. 91In 9—%— In 3—1

2(1 1 . . . .
—(—uez” —Zez” j with or without a constant of integration.

Condone slips in substitution provided the intention is clear.
They may work on each term separately e.g.

In9 In9 In9
[luez“—iezu} =Fue2“} —[iezu} =9In9—|n3—[g—1j
9 18 In3 9 In3 18 In3 2 2

It is dependent on the two previous method marks.
Al: 17In3-4

Lo
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Question Scheme Marks
Number

2(a) dv M1
v 3x? (B1on
X EPEN)
dx dx dv 5
Rk S A dM1A1
dt dv dt 3x°
(©)
Alternative 1
Todx 1,2 M1
_ 3 —_\/3 = 3
V=x=>x=V de 3V (Blon
EPEN)
dx _dx dv_ 5 _ 5
PR M 1 dM1A1
dtdv dt o3 3x?
Alternative 2
M1
d—V=5:>V=5t+c (Blon
ot EPEN)
3 3 2 dx
V=x"=x>=5t+c=3x d—:5
or dM1
V=x*=x*=5t+c=3x* =5ﬂ
dx
dx 5
2o Al
dt  3x*
(b) dx 5 5
A == M1A1
dt  3x4° 48
)
(5 marks)
Note this is now being marked as M1dM1A1 not BIM1Al
(@) Ignore any units associated with any of the expressions/values in this question.
M1: Differentiates V = x* to obtain (Z_V =..x* (seen or implied)
X
. . Y dv
dM1: Attempts to use ax = %xd—v or equivalent e.g. v = %xd—v with their — and — where
dt dv dt dt dt dx dx dt
dv V. . .
M =kx* and C:j—t is a constant to obtain an expression of the form % oe.
May be implied by their working.
Depends on the previous mark.
. 5 . L
Al: j—f = 3% or equivalent e.g. 3 X2 or 5x 3% Apply isw once a correct expression is seen.
X X

N
RA
124



< QUESTION

Question
Number Scheme Marks
8(a) 1 N
1 :42(14_{)2 M1
Va+x 4
i L
x)2 1) x 2 2 xY Ml
1+= | =1+ || = [+————2|=| +..
4 2)\ 4 2! 4
1. 1.,3 o0 AlAl
2 167 256
)
(b) 11 3,
—t+—x+t—x"+...
2 16~ 256 Blft
1)
© T 1., 3 2l 3 )21, 1
2 160 256 )2 16~ 256 4 128 MIAL
(2)
(d) L L_ ln_i_nLu_nﬁu
S5 oB 40 128 128 Ml
13238 "x3 = % (see alt (d) for alternative answer) dM1A1
3)
Alt(d) LXL_nln_'_nLn_nﬁn
NG Ji 4 128 128 Ml
EE */_ ":> 135 = 3415 ~ 3x15x" o= 1489 dMIALl
J_ J5 128 128
(10 marks)

(a) Itis scored B, M, A, A on epen. We are scoring it M, M, A, A

2

1
Ml1: Takes out a factor of 4 proceeding to 4 2 (1 +%) ’ o.e such as %x (1 + %j

MI1: Attempts the binomial expansion.
Look for the correct binomial coefficient for the third term with the correct power of x. So, award for

e

2!

w

or —X x=2 where ... could even be 1. If there is no intermediate working it is

lloo

implied by the correct coefficient of %xz in the expansion of (1 + EJ ’ or %xz in the expansion of

1

(4+x)2
L 1 1 3, . .
Al:  Two correct and simplified of ———x+—x"+... S01,0,1, 0is possible
2 16 256

1 1 3
Al:  All three correct and simplified of ———x+——x" +..

2 16 256

‘}"‘
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Accept as a list. Condone any extra terms even if incorrect

1 3

I N2 7)) 1 1 3

Direct expansion: (4+x)2 =42+ —— [x4 2x+————x4 2+ =———x+——x"+
2 2 2 16 256

1
M1: For a constant term of 4 ? or E

Sie

)\ 72) 2
M1:  For a correct third term which may be un-simplified — x4 2x*
It is implied if they get % x” for the term in x?

3
Al:  Two correct and simplified of %—Lx +—x"+

16 256
Ry 1 1 3,
Al:  All three correct and simplified of ———x+—x" +...
2 16 256

Accept as a list. Condone any extra terms even if incorrect
(b)
B1ft: For a correct answer %-f- %x + 2i56x2 +... which can be scored following a restart.

Allow as a list. Condone any extra terms even if incorrect.

Or follow through on their (a) o — fSx+ x> +... where a, 3,8 are positive to (b) o + Sx+5x" +...

Answers must be seen in (b).
(©

. 1 1 3 ,)1 1 3, . .
M1: Attempts to multiply out the correct | ———x+——x" || =+—x+——x" | or follow through using their
2 16 256 2 16 256

answers to parts (a) and (b) and attempts to collect terms. It must be an attempt on

(a — Bx+0x ) X (a + fx+ 5x2) where a, 3,5 are positive leading to a” + xx” . Condone extra terms

where the index is greater than 2, such as a term in x*

1
1 1 -
- -5 . 1

Alternatively, attempts the expansion (16 - xz) 2=162 (1 - %xzj ’ leading to " +xx’

1 1
Al:  —+——x> ONLY Any extra terms would be A0. Condone = for ~

4 128
(d) This cannot be scored from made up values of  and b.

n

. 1 1 1 1
M1: Substitutes x =1 into both sides of their part (c) to achieve —=x—== “Z " —

NN G} 128

dMI1: Uses the fact that v/135 =3x \/B and finds a rational approximation for /135
Method 1: L 1 uln+nLu:>£:nlu+uLu3 ’135:[uiu+uLlJvX45

X —="—
Js o3 4 128 15 4 128 128
1 1 1 1 1 1 1 3
Method 2: — x— ="—mpr "o oy v 135 =~
5B 4 18 s 4 128 (.,1,.“1,)
4 128
The method marks M1, dM1 may be implied, e.g. by the calculation ("%‘4 "%’j'x 45 without sight of +/135

Al:  Either % (or 11Z%) or % (or 11:ZE) (or accept both if found)
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