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QUESTIONS

25 questions - 189 marks - 2 sub-topics

SUB-TOPIC P2.3a

LAWS OF LOGARITHMS

Sub-topic P2.3a - 19 questions - 140 marks - lowest tariff first
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4. Using the laws of logarithms, solve

log, (32 — 12x) = 2log,(1 —x) + 3
Q)
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Question 4 continued
Q4
(Total 5 marks) —]
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7

5. Use the laws of logarithms to solve

log,(16x) +log,(x + 1) = 3 + log,(x + 6)
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Question 5 continued

(Total for Question S is 5 marks)

S
<

o8
R

%
KX
KX

%



ANSWER >

900000 0. 00 00 0 0 000
TRttt Tetetotetotetotetetotetels

XK R

(0
Patatetetotete e

o205

R

X
%%

<
35

X
2025

%

&
o

OO0
QK

QRIS

-
6. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
Using the laws of logarithms, solve
log, (12 - 2x) =2 + 2log, (x + 1)
6))
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Question 6 continued

(Total for Question 6 is 5 marks)
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4. In this question you must show all stages of your working.
Give your answers in fully simplified surd form.
Given that a and b are positive constants, solve the simultaneous equations
a—b=8
log,a +log,b=3
(6)
. J
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4. (i) Using the laws of logarithms, solve

log;(4x) + 2 =log;(5x +7)

3
(i1) Given that
2 2
Zloga(y'): (logay)r y>l,a>1l,y#a
r=1 r=1
find y in terms of a, giving your answer in simplest form.
3
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Question 4 continued

0

K

5%
5
2
<
<
<
<5
29
<5
25
2
<
<
29
<5
29
<5
oS
2
<
<5
29
<5
29S
<5
2
<
5%
5%
<5
<
<5

KSR EEEIEIRAK LK

258

2R
555

(Total for Question 4 is 6 marks)
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5. In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

(i) Solve
3=170
giving the answer to 3 decimal places.
2
(i1) Find the exact value of b such that
4 +3log,b = log,5b
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Question 5 continued

(Total for Question S is 6 marks)
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3. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(1) Using the laws of logarithms, solve

2log,(2 —x) =4 +log, (x + 10)
)

(i1) Find the value of
log i a’

where « is a positive constant greater than 1
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Question 3 continued

(Total for Question 3 is 6 marks)
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

The depth of water, D metres, in a harbour on a particular day is given by the equation
(mt
D=8+ 5sin E+3 0<t<24

where ¢ is the number of hours after midnight.

(a) Show that the depth of water in the harbour at 2 am is just over 4 metres.

M

(b) Find, to the nearest minute, the first time after midday when the depth of water in
the harbour is exactly 6 metres.

)
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Question 5 continued

(Total for Question S is 6 marks)
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7. Given log b =k, find, in simplest form in terms of k,
(1) loga(ﬁj
b @
2
(ii) log  a*b
loga b’ (2)
50
(iii) ) (k + log, b")
n=1 (3)
\ y,
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Question 7 continued

(Total 7 marks) T

INZ]
20



ANSWER >

7

10. Given a =log,3

(1) write, in simplest form, in terms of a,

(a) log,9
3
b) log,| —
(b) log, 16
3
(i1) Solve
3 x 2" =6
giving your answer, in simplest form, in terms of a.
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Question 10 continued
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(Total for Question 10 is 7 marks)

TOTAL FOR PAPER IS 75 MARKS
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3. (i) Solve
7)c+2 —3
giving your answer in the form x =log,a where a is a rational number in its simplest
form.
(©))
(i1) Using the laws of logarithms, solve
I +log,y +log,(y +4) =log,(5 - )
(6))
\ J
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Question 3 continued

(Total 8 marks) —]
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r

4. The weight of a baby mammal is monitored over a 16-month period.

The weight of the mammal, wkg, is given by
w=log,(t+5)—log,4 2<t< 18

where ¢ is the age of the mammal in months and «a is a constant.
Given that the weight of the mammal was 10kg when =3

(a) show that a = 1.072 correct to 3 decimal places.

Using a = 1.072

(b) find an equation for ¢ in terms of w

(c) find the value of  when w = 15, giving your answer to 3 significant figures.
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Question 4 continued
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7

6. (a) Given that

2log, (x + 3) + log, x = log, (4x + 2) + %

show that

X+6x’+x—-4=0

©))
(b) Given also that —1 is a root of the equation
X+Hox+x—4=0

(1) use algebra to find the other two roots of the equation.
3

(i1) Hence solve

2log, (x +3) + log, x = log, (4x + 2) + %
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Question 6 continued
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Question 6 continued
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Question 6 continued

(Total for Question 6 is 8 marks)
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8. (i) Find the exact solution of the equation
82x+1 _ 6 %
giving your answer in the form a + blog,3, where a and b are constants to be found.
“@
(i1) Using the laws of logarithms, solve
log (7 —2y) =2log(y + 1) -1
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Question 8 continued
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Question 8 continued
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Question 8 continued

(Total 9 marks) T
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7

9. Given that
3log,(t+4)—2log,(t-2)=7

(a) verify that =4 is a solution of the above equation,

2

(b) show that

£ = 1161° + 5601 — 448 = 0

3

(c) Hence, using algebra and showing your working, solve

3log,(t+4)—2log,(t-2)=7
giving each answer in simplest form.
(Solutions based entirely on calculator technology are not acceptable.)
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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 9 marks)
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

A curve C has equation y = f(x) where f(x) is a polynomial in x.

Given
f'(x)=23x—-2)(x +5)

(a) deduce the range of values of x for which y is decreasing.

2
Given further that C cuts the x-axis at %

(b) state a factor of f(x), giving the answer in the form (4x + B) where 4 and B
are integers.

(0))

(c) Hence find an expression for f(x) in a fully factorised form.

(6)
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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 9 marks)
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9. (i) Find the exact value of x for which
log,(x +5) -4 =log,(2x - 1)
“
(i) Given that
3% 2" =108
(a) show that
0.75" =2
©))
(b) Hence find the value of y, giving your answer to 3 decimal places.
2
. J
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Question 9 continued
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(Total 10 marks) |
TOTAL FOR PAPER IS 75 MARKS
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7. (a) Given that
3log,(2x — 1) =2 + log,(14x — 25)

show that
2’ = 3x* —30x + 56 =0

(O]

(b) Show that —4 is a root of this cubic equation.
@

(c) Hence, using algebra and showing each step of your working, solve

3log,(2x — 1) =2 + log,(14x — 25)

@
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Question 7 continued
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Question 7 continued
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Question 7 continued
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(Total 10 marks) |
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6. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.
(i) Solve
x+11 5
2log, (4 —x)=3 +log,| —— ;
©)
(i1) The curves C| and C, with equations §§§
=3>"! and y=6x3"
meet at the point P.
Find the exact coordinates of P, writing your answer in the form (log, a, b)
where @ and b are integers.
)
.
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Question 6 continued
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Question 6 continued

(Total for Question 6 is 10 marks)
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SUB-TOPIC P2.3b

EXPONENTIAL EQUATIONS

Sub-topic P2.3b - 6 questions - 49 marks - lowest tariff first
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5. (a) Given 0 < a < 1, sketch the curve with equation
y=a*

showing the coordinates of the point at which the curve crosses the y-axis.

@ 5

X 2 2.5 3 3.5 4
y 4.25 6.427 9.125 12.34 16.06

I

1

The table above shows corresponding values of X and y for y = x? + (E)

The values of y are given to 4 significant figures as appropriate.

Using the trapezium rule with all the values of y in the given table,

4
(b) obtain an estimate for j [xz + (%) }dx
2

Using your answer to part (b) and making your method clear, estimate

(©) JA {x(x -3)+ (%)Xj dx

)

()]
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Question 5 continued
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Question 5 continued
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Question 5 continued

(Total 7 marks) T
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9. (a) Sketch the curve with equation
y=3x4"
showing the coordinates of any points of intersection with the coordinate axes.
2
The curve with equation y = 6" meets the curve with equation y = 3 x 4 at the
point P.
(b) Show that the x coordinate of P is 1ogy2
IOgIO 24 (5)
. J
INZ)
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Question 9 continued
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Question 9 continued

(Total 7 marks) T
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YA

Figure 1
Figure 1 shows a sketch of the curve with equation y = 4
A copy of Figure 1, labelled Diagram 1, is shown on the next page.
(a) On Diagram 1, sketch the curve with equation
(i y=2'
(i) y=4 -6

Label clearly the coordinates of any points of intersection with the coordinate axes.

©))
The curve with equation y = 2" meets the curve with equation y = 4" — 6 at the point P.

(b) Using algebra, find the exact coordinates of P.
O]

Leave
blank

Q\?ﬂ
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Question 2 continued
Y y=4
_/—/ »
0] X
Diagram 1
Q2
(Total 8 marks) —]
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9. A scientist is using carbon-14 dating to determine the age of some wooden items.

The equation for carbon-14 dating an item is given by
N=Fkx
where

e N grams is the amount of carbon-14 currently present in the item
*  k grams was the initial amount of carbon-14 present in the item

» t1is the number of years since the item was made

e Jlisaconstant, with 0 <1 <1

(a) Sketch the graph of N against ¢ for £ = 1
2

Given that it takes 5700 years for the amount of carbon-14 to reduce to half its initial value,

(b) show that the value of the constant 4 is 0.999878 to 6 decimal places.
2)

Given that Item A4

* is known to have had 15 grams of carbon-14 present initially
* is thought to be 3250 years old

(c) calculate, to 3 significant figures, how much carbon-14 the equation predicts is
currently in Item A.

2

Item B is known to have initially had 25 grams of carbon-14 present, but only 18 grams
now remain.

(d) Use algebra to calculate the age of Item B to the nearest 100 years.
3)

£
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Question 9 continued
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Question 9 continued
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Question 9 continued
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(Total 9 marks) —]
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. ™
4. (a) Sketch the curve with equation
y=a'+4
where « is a constant and a > 1
On your sketch show
» the coordinates of the point of intersection of the curve with the y-axis
» the equation of the asymptote to the curve.
3
X -4 -1.5 1 3.5 6 8.5
v 13 6.280 4.577 4.146 4.037 4.009
The table above shows corresponding values of x and y for y = 32 44
The values of y are given to four significant figures, as appropriate.
Using the trapezium rule with all the values of y in the table,
(b) find an approximate value for
8.5
1
J. (3 24 4} dx
-4
giving your answer to two significant figures.
3
(c) Using the answer to part (b), find an approximate value for
e85 1
(1) 32 |dx
J 4
85 _1, 4 1
(ii) 32 +4 dx+j 32 +4|dx
J -4 -85
3
\ J
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Question 4 continued

(Total for Question 4 is 9 marks)
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6. (a) Sketch the curve with equation
y=da+4
where « is a positive constant greater than 1
On your sketch, show
» the coordinates of the point of intersection of the curve with the y-axis

* the equation of the asymptote of the curve
3

y 0 0.3246 | 0.8629 | 1.6643 | 2.7896 | 4.3137

The table shows corresponding values of x and y for
y=2"-2x
with the values of y given to 4 decimal places as appropriate.

Using the trapezium rule with all the values of y in the given table,

35

(b) obtain an estimate for J. (2" - 2x) dx, giving your answer to 2 decimal places.
2

3

(c) Using your answer to part (b) and making your method clear, estimate
35
@) I (2" +2x)d
2

(ii) J‘M(z)‘“ — 4x) dx
3)

£
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Question 6 continued
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Question 6 continued

(Total for Question 6 is 9 marks)
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official mark schemes, in the same order as the questions
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MARK SCHEME - IAL P2 (WMA12) - January 2022 - Q4 P2.3a Laws of logarithms < QUESTION

Question Scheme Notes Marks
Number
1(a) h=0.5 Correct strip width B1
1 1
A~r—x—16.792+5.113+2(6.298+5. +54
5%5{6.792+5.113+2(6.298+5.858+5.466)} M
Correct application of the trapezium rule with their h
=11.79 Cao A1l
(3)
(b)(i) A~ 2x"1.79" g/lultlplles their answer to (a) by M1
= 23.58 Correct answer or correct ft A1ft
(b)(ii) A="11.79"+6 Adds 6 to their answer to (a) M1
=17.79 Correct answer or correct ft Alft
(4)
Total 7
Notes:
(a)

B1:  Correct value for h stated or implied by %{}

M1: Attempts the trapezium rule with their h. Must include the %x"h" but this may be implied

by any multiple of the bracket if h is not identified separately. Must have the correct inner
bracket structure, though allow if all that is wrong is a miscopy of numerals. May be
written as separate trapezia.

Bracketing error i(6.792+5.1 13)+2(6.298+5.858+5.466) is MO unless recovered by

their answer.

A1: cao 11.79. Must be to 2 d.p. (Note the actual value is 11.78 to 2 d.p. and score no marks if
just this is seen)

(b)(i)

M1: For twice their answer to (a), allowing for rounding. No need to carry out the doubling,

sight of 2 2x"their (a)" is sufficient.

A1ft: For 23.58 or awrt 23.57 following a correct part (a) rounded or truncated to 11.78 (if they
use more than 2d.p. then 23.5745 is the value they should get) or follow through their
answer to (a) using the same principle. May be given to more than 2 d.p. and isw. (Allow
answer to less than 2d.p. if just trailing zeros are omitted.)

Note: accurate answer is 23.56 to 2 d.p., which is MOAO if no method is shown.

(i)

M1: For 6+ their (a) stated or implied (but see note). The 6 need not be simplified if evaluated
from an integral (but the integral and substitution must be correct giving an evaluation
that simplifies to 6).

A1ft: 17.79 or follow through their answer to (a) + 6 evaluated. May be given to more than 2

d.p. and isw
Note: accurate answer is 17.78 to 2 d.p., which is MOAO if no method is shown.

Note: Repeated trapezium rule is MO in (b).

RA
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MARK SCHEME - IAL P2 (WMA12) - January 2022 - Q4 P2.3a Laws of logarithms < QUESTION
Question
Number Scheme Notes Marks
2(a) y= 27x* —x* =20 UBEN M1
dy _ 27 -1 3 1
o 2 o Correct simplified derivative Al
(2)
b
(b) 27 .o 3 Sets their derivative = 0 attempts to
—x-—x'=0=>x= dm1
2 2 solve for x
x=9 Correct x value Al
x=9=>y= Uses their x value to find a value fory | M1
y=34 Correct y value Al
(4)
(C) dzy -3 _1
oz TAx EBxs Attempts second derivative and
) substitutes their x or considers the M1
&y 27 (9)_%—2(9)_% S sign (for x >0)
&), 4 4 2
2
2 -3 1
et
& Correct second derivative and AT
); <0 forx>0/whenx=9so conclusion with correct reason
maximum
(2)
Total 8
Notes
(a)
M1: Power decreased by 1 in at least one term in x
A1:  Correct, simplified derivative. Accept as shown or \/_ \/; or with decimal
. - d )
equivalents for coefficients. No need to see the —y, score for a correct expression.
(b)

Note: Answer only with no initial equation set up scores no marks.

dM1:

Depends on the M in (a). Sets their derivative equal to 0 and reaches a value x. The “=0"

may be implied by a clear attempt to solve it. Do not be concerned about the method for
solving as long as a value of x is reached. If substituting a = \/; (or similar) must return to
x for the method.

A1:

but A0 if extra positive values.

M1:

check if no substitution is shown.

A1:

coordinates with positive x are given.

(©)
M1:

Ignore work relating to x = 0 in (c)

Correct value for x from correct work. Ignore references to x =0 or any negative values

Correct y value. Ignore reference to any point at x = 0 or negative values but AO if other

classify the stationary point. Look for an attempt at substituting their value or a
consideration of the sign.

KA

80

Substitutes their positive x value into the curve equation to find a value for y. May need to

Attempts the second derivative achieving the form +Ax” +Bx* and attempts to use it to



< QUESTION

A1:  Correct second derivative and conclusion drawn with supporting evidence from which it is
reasonable to deduce the nature. Accept “concave down” for maximum, but not just
“concave”.

. . . 1 )
For the evidence accept either evaluation to the correct value Y or correct sign

deduced from substitution of x = 9, or via statement it is negative for all x > 0 without
substitution seen. Use of a value other than x = 9 scores AO.

£
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Question Sch Not
Number cheme otes Marks
3(a) ¢ 8 8 > (8 }
(2—]“) =28+ 27[—]“} 2“(—'“] + 25[—’“j +...
4 1 4 2 4 3 4
k) 8\ k) (8) k) (8) kY M
Gt R e R ek
8 1 8 2 8 3 8
256 —256kx B1
=256—256kx +112k>x*> —28k°x" + .. 112k*? or —28kx® (unsimplified) A1
112k* and -28k>x® (simplified) A1
(4)
(b) oo’ 2.2 3.3
f(x)=(5-3x) 2= =(5-3x)(256 - 256k +112k°x> ~ 28k°x +...) "
Coefficient of x is 5x-256k - 3x256
Sets 5xtheir constant term from (a) =
5%256 =3(—1280k-768) =k =... 3xtheir coefficient of x from f(x) and | M1
solves for k
14
=—— Correct value. A1
15
(3)
Total 7
Notes

(a)
_ . o) ) o
M1: Attempts the binomial expansion on ZiZ or 115 up to at least the third (x°)

term with an acceptable structure. Look for the correct binomial coefficient (accept
alternative notation "C,) combined with the correct power of x but allow if powers of 2
are incorrect and if brackets are missing. MO for descending powers.

B1: for 256—256kx, may be listed, must be simplified. Allow for 256(1—kx+...) if the 28 is

taken out first.
A1:  Correct third or fourth term, may be listed. Need not be simplified but the binomial

512

the 28 is taken out first. May have powers as (kx)" for this mark. Allow for the correct x*
term if the sign was incorrect in their bracket.

A1:  Correct simplified third and fourth terms as shown in scheme, may be listed. Must have
k"x" terms.

Note: isw after correct terms are seen if they try to divide through.

(b)

M1: Correct strategy for the coefficient of x or the x term. E.g. 5xtheir -256k - 3xtheir 256 or

coefficients must be numerical. Allow for one term from 256(...+2§(kx)2 —56(loc)3...J if

may be part of a full expansion - look for (5xtheir -256k - 3xtheir 256)x but terms must
have been combined.
M1: Sets 5xtheir constant term from (a) = 3xtheir coefficient of x from f(x) and solves for k.

Should be an equation in k only, but allow recovery if they initially include the x but later
cross it out to give a constant for the answer. The attempt at the x coefficient must have
been an attempt at a sum of two terms from their expansion of f(x)

A1:  Correct value, must be exact. Allow —0.93 but not a terminating decimal.
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Question
Number Scheme Marks
2a 3 2
3 3 3 3
fl=|=| 4/ =| -8/ =| +5|=|+a=0=a=.. M1
2 2 2 2
27 15 Al*
= —-18+—+a=0=>a=-3 =*
2 2
)
Example where 2x -3 is a linear factor:
2x> —x+1
2x—3)4x3—8x2 +5x-3
4x° —6x? M1A1
—2X% +5x
—2x% +3x
+2x-3
+2x-3
0
dM1A1*
3.
(-1)> —4x2x1=-7 <0=no real roots so x = > is the only one real root *
(4)
(6 marks)

@
M1

Al*

Substitutes x :g into the expression, sets equal to 0 (may be implied for this mark) and

rearranges to find a. Condone invisible brackets for this mark only and condone arithmetical
slips in their working.

Substituting x = —g is MO and attempts via long division score MO.
a=-3 achieved with no errors seen including the omission of brackets.

There must be sight of x =g which may be embedded in the expression or f (gj followed

by at least one intermediate stage of working/manipulation (it may just be the left hand side
of the equation), before proceeding to the given answer. The "=0" must be seen somewhere
in their working before the given answer.

e.g.
3 2
4(3) _8[3) +5(3)saz0=a=-3is MLAO
2 2 2
f Ej:£_18+g+a:0:>a=—3 is M1A1
2) 2 2

Note the trivial case f (g) =3+a=0=a=-3 is M1AO (not enough shown)

(b) Work done in (a) must be made use of in (b) to gain credit.

M1

Attempts to find a quadratic factor of 4x® —8x* +5x—3 using 2x—3 as a factor
score for 2x° +x+... if algebraic division is used or

score for 2x* +...x +1 if equating coefficients/inspection used.

X2
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Alternatively, they may attempt to find a quadratic factor using x —g as a factor so

e score for 4x*+2x+... if algebraic division is used or
o score for 4x* +...x+2 if equating coefficients/inspection used.

Al 2x% —x+1 (for 2x—3 as the linear factor) or 4x*> —2x+2 (for x —g as the linear factor)

dM1 Attempts to show their quadratic factor has no real roots. It is dependent on the previous method
mark. Factorisation attempts are M0. Accept via
e anattempt at b> —4ac for their quadratic factor so score for values correctly embedded in

b? —4ac for their quadratic
e an attempt to solve their 2x* —x+1 or 4x* —2x+2 using the quadratic formula with values
embedded or via a calculator (you must check their roots are correct for their quadratic)

2
e an attempt to complete the square e.g. Z(Xi%J +...

Al* Requires correct factorisation of the cubic, correct calculation for the quadratic, reason and
conclusion
For example, after factorising their cubic to e.g. (2x—3)(2x* —x+1) which does not need to

be explicitly stated accept e.g.

e the discriminant of 2x* —x+1 is =7 <0 so only has a root at x = g . If correct values are

embedded which give —7 then this is fine. (For 4x* —2x+2 the discriminant is —28)

N

o 2x2—x+1:0:>x:%4_ri7, (2x—3)=0:>x:g so only one real root. (The roots will be

the same for 4x? —2x+2=0)

2
. 2x2—x+1:0:2(x—%J +g >0, hence x:g is the only one real root (The completed

square form for 4x* —2x+2 could be the same or a multiple of it depending on how they
have rearranged their inequality)
There must be some reference to the root x :g either by stating it or indicating the linear term has a root

(e.g. writing “root from here” next to it), but do not accept incorrect statements such as only real root is
(2x—13). Condone “solution” for “root”

Do not allow statements such as “Math error” without interpretation of what this means.

N
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%Ll'ﬁ?]tt')gr Scheme Marks
3a(i)
r=(8-2)*+(-3-5)? =10 M1A1
2 2 _
(ii) (x=2)"+(y—-5)° =100 Alft
@)
b , 4
Gradient between centreand P = ——
3 B1
Perpendicular gradient = % M1
3
y+3= ) (x-8) M1
Al
3x-4y-36=0
(4)
(7 marks)

(&)(i) Mark (i) and (ii) together

M1  Attempts to find the radius. Score for the values embedded in the expression
e.. \/(8 —-2)?+(-3-5)% or \/(2 ~8)? +(5+3)° . They must be attempting to find the
difference in the x coordinates and the difference in the y coordinates.

Al (r =) 10 ignore any units +10 is AO Do not accept ~/100 for this mark. isw once a correct
answer is seen.

(ii) Note that if MO is scored in (a)(i) then this is A0 in (ii)
Alft  (x—2)?+(y—5)>="100" 0.€.€.0. (x—2)>+(y—5)? ="10"0r x*+y? —4x—10y ="71"
Follow through on their positive single value of r. isw once a correct equation is seen.

(b)
Bl Gradient between centre and P is —g (may be implied by their gradient of the tangent)

M1  Attempts to find the negative reciprocal for their gradient. May be embedded within their equation
of the tangent.

M1  Attempts to find the equation of the tangent at P using a changed gradient (cannot just be a
stated gradient of the tangent which is incorrect and does not follow from any earlier work)
and (8,—3)

Score for y+3= "%"(x—8). The coordinates (8,—3) must be correctly placed.

If they use y =mx+c they must proceed as far as ¢ =...

Al 3x—4y-36=0 o.e. (provided all the coefficients are integers and all terms are on one side
of the equation) isw once a correct equation is seen.

X2
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Alt (b)
Alternative method using differentiation

dy 4-2x
dx 2y -10

B1 o.e.suchas 2(x—2)+2(y- 5) _0 or

1
eg.y= (100—(x—2)2)5 N ~(x=2)(100—(x~2)*) 2 (may be implied by §)
dx 4

M1  Attempts to find the gradient of the tangent at P using their :_y and the given coordinate(s).
X

Do not be concerned with poorly differentiated equations for this mark and just look for the x (and
possibly y) coordinate(s) to be substituted into a differential equation leading to a value for the
gradient. Condone sign slips substituting in.

M1  Asabove in main scheme notes

Al As above in main scheme notes

Alternative method using formula to find the equation of the tangent at a point on a circle
Using the formula (x—a)(x, —a)+(y —b)(y, —b) = r? with centre (a,b) and point (X, ;)

B1 (x=2)(%, —2)+ (y =5)(y, —5)... (may be implied by further work)

M1  Sets equal to their radius: (X—2)(x, —2)+(y—-5)(y, —5) ="100"

M1  Uses the point P and sets equal to their radius: (x—2)(8—-2) +(y—5)(-3-5)...="100"

Al 3x—4y—-36=00e (provided all the coefficients are integers and all terms are on one side of
the equation)
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Question
Number Scheme Marks
4a
3° or 243 B1
1)
bi
(B=)5x3"p (=405p) (D =)10x3?p® (=90p°) M1A1l
B=18D :>=405p=18x90p3:>p2=%:> pz—% M1A1
. 2
ii (C:)502x33x(—lj _135 M1A1
2 2
(6)
(7 marks)

(&) Mark (a) and (b) together

5
B1 3® or 243 seen. Do not award if it is outside the bracket as 3° (1+ %j , but allow if some

of the terms of the binomial expansion are found and 243 is the constant term.

e.g. 243+405px+... Do not accept e.g. °C, x243x (px)° for this mark.
(b))

M1 (B=)5x3'p (=405p) or (D=)10x3*p® (=90p°) (simplified or unsimplified including

unprocessed indices).

The coefficients of B or D may be embedded within the binomial expansion such as

5 5
.t+5x3 px+...+10><32(px)3. Also allow e.g. [J?‘ p or (3)32 p* or °C,3'p or °C,3?p’

Al (B=)5x3'p (=405p) and (D=)10x3?p> (=90p°) (simplified or unsimplified) Allow
this mark if the coefficients have not been isolated from x and x*, but the brackets around
(px) and (px)3 must be correctly removed. Binomial notation such as °C, or °C,must have

been evaluated.

M1  Uses "B"=18"D" to form a cubic equation in p and attempts to take out a factor of p or divide

by p leading to p* =... (or may be implied by their value of p). "B"="D" is MO

Condone equations involving x and x* as long as they are removed as they proceed to p* =...
Note that equations may have been simplified before they are formed by cancelling factors
e.g. 3%, 3, 5 or p so look carefully at equations which are acceptable such as 5x3” p =180 p°

or 9=36p° = p* =... (condone if negative)

32

Note 405p=90p° = p = J_rT scores M1IA1IMOAOQ in (b)(i) (did notuse "B"=18"D")

They can proceed in (b)(ii) to score M1AO.

Al p= —% only following correct coefficients for B and D (the positive root and p =0 must

be rejected if found / a clear choice of p = —% ) Watch Pl = ‘:‘;
pr:.‘-&.i PI.'--%

out for notation rejecting the positive root such as:
pLo

X2
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Can only be scored provided all previous marks have been awarded.

Note if the coefficients of B and D are incorrect leading to p = —% then this is max

MOAOMZ1AO in (b) and M1AO0 in (c)

Alternative method (b)(i)

If the expansion is written as 243| 1+5 pxj 5x4 pxj w
3) 213 3!

find p as this will cancel from both sides when setting "B"=18"D".

M1 (B=)(243><)5(§j or (D )(243)5X4X3

3
(%) ] then 243 is not required to

( j (unsimplified with or without the 243)

5x4x3

Al (B=) (243x)5(§] and ( )(243 ) ( j (unsimplified either both with or both
without the 243 included). Allow this mark |f the coefficients have not been isolated from x and
x*, but the brackets around( F;Xj and ( pxj must be correctly removed. Any binomial notation

would now have to be evaluated as in the main scheme notes.
M1  Asabove in main scheme notes
Al As above in main scheme notes

(i)

M1  Uses their value of p?, p or |p| and either attempts °C, x3° p* to find a value for C, or attempts to

find 5C2 x3 p2X2 and then proceeds to identify the value for C.
Condone values for p where x had not been removed from (i) e.g. i% x being substituted in

provided a value without x is identified/extracted in (ii)
Condone a slip in calculating °C, and allow this mark if they substitute both values of p into the

expression and find two values for C.
The method mark may be implied by the value found using their p

Al % 0.e.e.g.67.50r 67%or 2T following a correctly found p = +% or p’= i

Condone where both values of p are used provided they both give the correct answer.

Do not accept e.g. %xz unless the coefficient is clearly identified

N
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< QUESTION

Question
Number

Scheme Marks

log,16x+log,(x+1) =3+log,(x+6)

log,a=b=2"=a B1
log, 16x(x+1) = log, 8(x +6) M1
2x° +x-6=0 Al
(2x-3)(x+2)=0 dM1
3
X=3 only Alcso
(5 marks)

Note a correct answer with no working is 0 marks

Bl

M1

Al

dm1

Correct use of log, a=b=2"=a This will usually result from either log,8=3 or
log, 16 = 4 being stated or seen applied.

16x(x+1)j 3o 16x(x+1) _
6 X+6

8

e.g. IogZ(

May be implied by e.g. l0g,16x(x+1) =log, 8(x+6) or Iogz(x(x—?j =-1o0..
X+

Applies the addition (or subtraction) laws of logs at least once correctly. Condone invisible
brackets. e.9. log,16x? +16x

This mark can be scored for expressions where the law has been applied correctly and does

not need to be a full equation e.g. log, (iij scores M1. Do not withhold this mark if they
X+

subsequently apply a law incorrectly.

e.g. log,16x(x+1) =3+ log, x+ log, 6 still scores M1

Also allow the mark to be scored despite an error dealing with the 3 when writing it as a log
e.g. 3+log,(x+6)=log, 6+log,(x+6)=log, 6(x+6)

2x* +x—6=0 or equivalent 3TQ (quite often 16x* +8x—48=0) Terms must be collected but do
not need to be collected on the same side. Condone the omission of = 0 . Can only be scored from
correct working.

Attempts to solve their 3TQ via any valid method including via a calculator (you may need
to check this). Condone complex roots. It is dependent on the previous method mark.

Alcso g o0.e. only (=2 must be rejected if found)

This mark can only be scored if a correct quadratic is achieved (following correct log work)
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Question Scheme Marks
Number
3(a) 2(-3)" ~(-3)° + A(-3)+ B =55
ore.g. M1
-54-9-3A+B=55
-54-9-3A+B=55 AL*
—=3A-B=-118*
2)
(@)
M1: Attempts f(-3) =55. The —3 embedded in the expression set = 55 is sufficient.
Condone missing brackets e.g. 2—3°—-3? + A(-3)+B =55
Note that 2(—3)3 —(3)2 + A(-3)+B =55 is acceptable.
May be implied by further work. If —3 embedded in the expression is not seen,
condone slips in their evaluation provided there is still evidence that the intention was
to substitute in —3 and set = 55 but f(3) =55 is MO
Al*:  Completes proof with at least one intermediate simplified and correct line that is not

the final line such as -54—-9-3A+B =55 or 118=-3A+B. Any incorrect lines written
after the start of their ‘proof” should be scored AO*

Must be the given equation and not e.g. B=3A+118 unless the correct equation is
seen previously but condone —B+3A=-118

2(-8)" ~(-3)" + A(-3)+ B =55=3A— B =118 scores M1A0

Tabular or division methods may be seen. The question does not demand use of the
factor or remainder theorem so these methods should be rewarded.
The M1 would be scored for a full attempt and A1* for a correct proof.
If you cannot see what they are doing and find it hard to award, then use review.
e.g. long division:

2x° —Tx+ A+21

x+3)2x3 -x*+Ax+B

2x3 + 6x°
-7x*+ Ax+B
—7x* - 21x
(A+21)x+B
(A+21)x+3(A+21)
B-3A-63=55

Score M1 for obtaining a quotient ...x* +...x+...A+... and a remainder ...A+..B+...
set = 55 where “...” are non-zero constants. Then A1* for a fully correct proof.
e.g. tabular method:

2% | —7x 21+ A
X | 233 | =7x% | (21 + A)X
3| 6x>| —21x | 63+3A
So B—(63+3A)=55 etc.

Score M1 for obtaining a constant ...A+... where ... are non-zero constants and then
sets B — their constant = 55. Then A1* for a fully correct proof.

X2
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Question Scheme Marks
4 log, a+log, b=1log, ab or log,"ab"=3="ab" =4 M1
ab=K,a-b=8=a(a-8)=K or (b+8)b=K dm1
a’—-8a—64=0 or b*>+80-64=0 Al
Qo OB —dxdx6a o 8B dxix64_ M1
2x1 2x1
a='4+4/5' = b=—-4+45 M1
a=4+4\/§ and b=—4+4\/§ and no other solutions. Al
(6)
(6 marks)
Notes:

M1: Correct addition law applied (may be implied) or undoes a log equation correctly, or
replaces the 3 by log, 4° oe
The addition law may be seen after substitution from the first equation e.g.
a-b=8=a=b+8=log,a+log,b=1log,(b+8)+log,b=1log,b(b+8)

Condone log, (b+8)+log, b=log, b*+8b

dM1: Removes logs correctly and proceeds from an equation of the form ab = K and the
given equation a—b =8 to a quadratic equation in either a or b.
Al: Correct quadratic equation. Brackets must be expanded but terms not necessarily all on one
side. The “ =0 may be implied by their attempt to solve.
M1: Solves a 3TQ in a or b to obtain a positive solution. There is no need to see the
negative solution in their working.
M1: Uses their a to find b or vice versa. This depends on having solved a 3TQ earlier and obtained a

root of the form p+ q\/F, p,q,r =0 to obtain another root of a similar form i.e. not a decimal.

The value of a or b does not necessarily have to be positive for this mark.
Note that having found a or b they may repeat the process above to find the other value which
is acceptable.
Al: Bothof a= 4+4\/§ and b=—4+ 4\/5 simplified, with no other solutions.
Apply isw once correct answers are seen, e.g. if they subsequently go into decimals.
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(,iﬂfnsggrn Scheme Marks
4(i) E.g. 2=log,9
4x
Eg log. (4x)—log. (5x+7)=Ilo M1
g log, (4x)-log, (5x+7) O 7
E.g.
36X =5x+7
1 Al
5x+7 9

w— Al

31
(3)

(ii) 2 2 . )
Zlogay'= log, y +log, y* or Z:(Iogal y) = [log, y+(log, y) B1
r=1 r=1
log, y +log, y* =log, y +(log, y)* = 2log, y—(log, y)* =0 "
= log, y(2-1log, y)=0=log, y =2
y=a’ Al
3)
Total 6

(i) Answer on its own with no working score 0 marks.
M1 Demonstrates at least one correct law of logarithms.
4x

5x+7

e.g. 2=1log,9 or log, (4x)=log,4+log, x or log,(4x)-log,(5x+7)=log,

5x+7

4x
(Do not be concerned with slips on the 2 if manipulating the equation

log, (5x+7)—log, (4x) =log,

4x
e.g. log, (4x)+2=log, (5x+7)= log;——— =2 scores M1)
SX+7
Lo . 5x+7
Al For acorrect equation in any form with no logs eg 4x = 9 Must have come from correct log work.

Al % only and follows a correct equation with no logs.

e log,5x+7
log, 4x
at least one correct law of logarithms.

7 . .
Not 2= X= 3 will only score a maximum of M1AOAO if they are able to demonstrate

(if) Answer on its own with no working score 0 marks.

B1 For either (or both) summation correct log, y+log, y* or log, y+(log, y)2 or equivalent
Can also be awarded for a correct equation:
e.g. log, y* =(log, y)2 or 2log, y =(log, y)zor 3log, y =log, y +(log, y)2
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Note that there are many parallel solutions in part (a) that can be marked similarly.

Alt |
Using sin@ = tan@dcose o.e

2tan6 +3tanfcosd = 0 = tanf(2+3c0sH) =0

In this case the B1 mark is for achieving tand =0—= 8 =180°,360° Condone 0 appearing as a solution.
Alt Il

Multiplying throughout by sin@ and using sin’ @+ cos” @ =1 eventually leads to a cubic cos@which has

2 . .
roots of cosd = —§and cosé =1. Allow use of a calculator to solve cubic equations, etc.

; xsin®  in? 1—cos?0
230 | 2ino=0 2M+35in26=0—>2u+3(1cosze)zo
cosé cosé cosé
—>300539+2c0520—30050—2=O—>cos€=—§,cos€=il
M1: For tanazﬂ
cosd

dM1: for cos@ =k, |k|<1,k =0

Al: For cos@ = —% and a solution as in the main scheme

Al:: For cosf = —% and both solutions as in the main scheme
B1 Achieves cos® = +1followed by 6 =180°,360°. Condone O appearing as a solution

Alt 11
Multiplying throughout by cosé@ and using sin® @+ cos’ @ =1 eventually leads to a quartic in sin@which has
roots sing = ig and sind=0

SQUARING
2sind = —3sindcos® —  4sin?0 = 9sin®Hcos?o

— 4sin%0 = Qsinza(l—sinze) —9sin*9—5sin%0 =0

—>sin26=g,sin9=0

M1: For tan6’=ﬂ
cosd
dM1: Forsin®d =k or sind =k, [k| <Lk =0
Al: For sin@ :?, sing = —g or sin%0 =g and a correct solution as in the main scheme
Al: For sin¢9=§, sin9=—§ or sinzezg and both solutions (only) in the main scheme

B1: Achieves sind =0followed by 6 =180°,360° Condone 0 appearing as a solution

The solution must be obtained from correct working.
Calculator solutions like 2tan@+3sind=0= 9 =131.8°and 228.2° score no marks in (a)

Even the solution 8 =180°,360° cannot score the B1 mark if it is not preceded by siné=0 or tand =0
(b) is hence or otherwise so must follow their solution in (a) or be a restart.
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MARK SCHEME - IAL P2 (WMA12) - October 2023 - Q5

P2.3a Laws of logarithms < QUESTION

?\ll:ﬁ:ggp Scheme Marks
f(X) =4x° +ax’ —29x+b
3 2
4.(@) | Sets f[—lj:0—> 4x(—£j +ax(—lj —29x(—lj+b=0 M1
2 2 2 2

3%a+b+14=03 a+4b=-56* Al*

2
(b) | Sets f(2)=-25— 4x2’+ax2’—29x2+b=-25 M1
4da+b=1 Al

)
() (i) Solves a+4b=-56 with their 4a+b=1=a=..,b=... M1
a=4,b=-15 Al

(i) 4x° +4x" ~29x-15 = (2x-+1)(2x¢ + x~15) M1, Al

=(2x+1)(2x-5)(x+3) cso | Al

®)

(9 marks)

(@)

M1: Attempts to set f(

—%) =0— equationinaandb Condone slips (e.g. on signs) but f(%j =0 is MO.

Score when you see embedded values within the equation or two correct terms on the Ihs of the equation.

Al*: Completes proof with at least one intermediate simplified and correct line such as

(b)

1a+b+14 =0. Simplifying each term is sufficient —%+%a+%+b =0. Any incorrect lines written

after the start of their ‘proof” should be scored A0*

Solutions where the = 0 is implied but not stated should be awarded M1 A0*

3 2
E.g. f(—lj:m{—lj +ax[—lj —29x(—£j+b=la+b+14.80 1a+b=—14:>a+4b=—56
2 2 2 2 4 4

M1: Attempts to set f(2)=-25— equation inaand b Condone slips, e.g sign slips or setting f(2)=25

Setting f (—2)=-25 is not a slip and should be marked MO.

1. 1
Al: 4a+b=1 or other simplified equivalent such as a+zb "2 =0. The constant terms must be collected.

Note that this is not a given answer so allow recovery.

©()
M1: Attempts to solve a+4b=-56 (allowing for slips) with their 4a+b=1=a=...,b=...

Award as long as values appear for both a and b, so allow these just written down (say from a calculator)
There is no need their calculations

Al: Both values correct: a=4,b=-15. Both just written down without working scores M1 Al provided (b) is

correct
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(c)(ii)
M1: Attempt to divide or factorise out (2x+1) from their 4x° +4x* —29x—15 or multiple thereof

For factorisation look for correct first and last terms E.g. 4x° +"a"x* —29x +"b" = (2x+1)(2x2 + kxi“b")

For division look for a quadratic quotient of the form 2x% + px +q with some "correct” work to find the
term in x for example. Condone sign slip when attempting to find p

Al: Correct quadratic factor 2x2 +x-15
Al: cso (2x+1)(2x—5)(x+3). Note that M1, A1 must have been awarded and the full product must be seen. It
is not acceptable to see just the factors

The question states "Hence" so there is an expectation that they use the factor of (2x +1) which is given.

Solutions that just state 4x° +4x® —29x—15 = (2x+1)(2x—5)(x+3)score MO and therefore A0 A0

If they wish to start with another factor they must prove it is a factor first.
E.g. f(-3)=4x-27+4x9-29x-3-15=0=>(x+3)is a factor followed by division by (x+3)

Tabular or methods of division may be seen in (a) and (b). The question does not demand use of the factor or
remainder theorem so these methods should be rewarded.

The M1 would be scored for a full attempt and A1 for a correct answer or proof.

If you cannot see what they are doing and find it hard to award, then put in review please

Example of a tabular version for (a):

(2x+1) is a factor of f(x)=4x" +ax’ —29x +b

oy (~29-2b)x b
2x a | 2(-29-2b)x" | 2bx
1 2y (~29-2b)x b

Then states that 2(-29-2b)+2=a=
Example of a long division method for (b).
When f(x) = 4% +ax* — 29x+b is divided by (x—2) the remainder is —25

4x° +(@+8)x +(2a-13)
x—2> 4 +ax’ —29x+b

4%’ -8x
(a+8)x2 —29x
(a+8)x" —(2a+16)x
(2a—-13)x+b
(2a—13)x+(—4a+26)
b+4a-26

Remainder is —25 so b+4a—-26=-25=b+4a=1
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Question Scheme Marks
Number
5.() |3 =70=alog3=1log70 M1
—a=19970_ 5467 Al
log3
2
(ii) 4=log,81 or 3log,b=log,b> or log,5b=log,5+log,b B1
4+3log, b =log,5b = log, 81b° = log, 5b M1
—81h" =58 =b=.. dM1
—po |2 Al
81
(4)
(6 marks)

This question demands working from the candidates so answers cannot appear without appropriate methods
(i)
M1: Takes (the same) log of both sides and uses the power law.
Alternatively writes a =log, 70 with the correct base. ~ But a=1log70is MO
Al: CSO. 3.867 following a suitable intermediate line. This is not awrt but isw after sight of 3.867
Cannot be achieved via Trial and Improvement

(ii) Note that this was marked M1 A1 dM1 Al. It is now being marked B1 M1 dM1 Al
B1: One correct log law used on a term of the initial equation.
Can be achieved without the bases being present
Look for 4=1log,81 or 3log b= Iog3b3 or log,5b=1log,5+log,b
M1: Correctly combines two terms of the initial equation to form a log equation of the correct form
log,...=log, ... or log,..=+4.

_ b’
Possible answers are; log, 81b” = log, 5b, log,81b” =log,5,  log, [%] =4

For this mark you can condone a slip on the sign of the 4.
3

E.g. 4+3log, b =log,5b = Iong3 —log,5b=4= IogS% =4

dM1: Removes the logs correctly and proceeds to a value for b using a correct method.
Must follow M1 and an equation of the form log,...=log,... or log,..=+4

1
Al: b= \/gor exact equivalent such as b= 5\/5 The negative (and 0) solution, if found, must be discarded.

Correct answer from incorrect working: Watch for solutions like the following

log, 5b
4+3log, b=1log, 5b = 4 =log, 5b—log,b* = 4= g1 -0 p_ |5
log, b b 81
Score B1 M0 dMO0 A0
2
A
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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

(* +bx+c) = (x+ p)(x-+0), where[pg| =|¢| jeading to x = ...
(ax® +bx +¢) = (mx+ p)(nx +q), where|pq| =|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££)°+q+c, q#0 |eading 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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Question Scheme Marks
Number
1) 1 Y 9x8( 1 Y 9x8x7( 1 Y
1. (a) (1—€xj —1+9[—§xj = (—gx) = [—ng +... M1
3 2 7 3
1.2 _ Al, Al
1 2x+x 18x
(3)
(b) (10x+3)[1—%x+x2—%x3)
Coefficient of x' = 10><1+3><—%:%3 M1 Al
(2)
(5 marks)
(2) - .
M1: For an attempt at the binomial expansion. Score for a correct attempt at any of term 2,
3or4.

1 2 3
Accept sight of gcl(i%xj or QCZ(i%x) or 9C3 (i%xj condoning the omission

of brackets.
Coefficients may appear from Pascal's triangle but should be correct for the term.

S 3 7
Al:  For any two simplified terms of —§x+x2 —Ex3
3 7 3. . . .
Al For l-Sx+X —me X ignoring terms with greater powers. Allow as a list, allow

2 18

+— g X etc but the fractions must be simplified. Accept 1x%. ISW following a correct

expression (e.g. if multiply through by 2). If given as decimals they must be exact
(recurring if appropriate).
(b) o . _ _
M1:  For attempting to find 10b+3c combined to a single term for their
(10x+ 3)(l+ ax+bx_ +cx +)

Al: cao for %J’ but condone 5%%)(3 and isw. Accept embedded in an expansion with other

terms as long as simplified to correct single x3 term. If given as a decimal must be
exact recurring.




MARK SCHEME - IAL P2 (WMA12) - June 2024 - Q3 P2.3a Laws of logarithms < QUESTION

Question Scheme Marks
Number
2.(a) a+5d=2 and %{2a+9d}:—80 Bl B1
Solves simultaneously = d =20, a=-98 M1 Al
4)
(b) | Attempts - {2x~98+(n~1)x20}...8000 M1
5n° —54n-4000...0 = n = (34.2) dM1
n=35 Al
(3)
(7 marks)
(@)
B1: Oneof a+5d=2 or Q{2a+9d}=—80

2

B1:  Both equations correct. May be un-simplified (isw after correct equations seen).

M1: Solves their two equations in a and d (one of which must be correct) and finds at least
aor d. There may be slips, but score for any attempt that reaches a value provided at
least one equation was correct and both attempted. Implied by correct answers
following correct equations stated.

Al: Ford=20,a=-98

Alt
B1:  Correct formula in d only using 6" and 10" term %((Z—Sd) +(2+4d))=-80
Bl. d=20

M1:  Attemptsto find ausinga +5d =2
Al: Correcta

(b)

Note: allow all marks in (b) with any equality or inequality used throughout.

M1:  Attempts to use g{Zx ~98+(n—1)x20}...8000 with their a and d. Accept if set

equal to 8001. NB If 800 or 80000 is used, allow the M (misread).

dM1: Sets up and solves a 3 term quadratic equation in n. Accept if just the positive root is
given, but at least one positive root must be obtained.
Allow use of calculator /formulae (may need to check values if no method shown).
May be implied by a rounded or truncated positive integer value following a suitable
equation having been set up.

FY | the correct equation is 5n” —54n —4000...0
AL (n :)35 stated following a correct equation formed (allowing for incorrect
inequality).
Alt by trial and improvement
n
2
either side of the sum being 8000

dM1: Two consecutive values for n giving results either side of 8000 attempted.
Al: n=35 stated following correct working with both n=34 and n= 35 having been seen.

M1:  Attempts to use - {2x—98+(n—1)x20} with their a and d and integer values of n
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P2.3a Laws of logarithms < QUESTION

Question Scheme Marks
Number
5(a
@ D=8+5sin(”TX2+3)=4.07 B1
1)
b
(b) (b) 6=8+5sin lt+3 =sin 1t+3 -2 M1, Al
6 6 5
:[%t+3j=arcsin(—§)=Any of 3.55, 5.87,9.84,12.2 dm1
6(3.55-3) 6(5.87-3) 6(9.84-3) 6(12.2-3
= Anyof 2(395-8) 6(587-3) 6(984-3) 6(122-3) daML
T T T T
13:04 or 1:04 pm Al
©)
Total 6
(@

B1: Scored for sight of 8+5$in[%<2+3) o.e followed by 4.06, 4.07 or awrt 4.07. Units can be omitted

. t . .
(b) It is acceptable to set X = %+ 3 which allows access to the first three marks

M1: Substitutes D =6 and proceeds to sin (%t-i‘ 3) =k

Al: sin(ﬂt+3j=—g. 0.e
6 5

dM1: Takes arcsink where k < 0 and achieves any correct positive value for their arcsink

2 .
Any of 3.55, 5.87,9.84,12.2are acceptable where k = ey Follow through on their -1<k <0

ddM1: Full and complete method to find a positive value of t

2

It is dependent upon both previous M's AND k = s

(355-3) 6(5.87-3) 6(9.84-3) 6(12.2-3)

6
Score for t = Any of , ,
T T

It can be implied for any t value to 3sf,

T T

Score for any t value awrt 1.05/1.06, 5.48/5.49, 13.0/13.1, 17.5/17.6 following M1 AldM1

Al:13:04 or 1:04 pm. Condone/allow an answer of 13.03 or 1.03pm.

Condone one hour and 4 minutes after midday

Requires arcsin(-0.4)=awrt 9.84, t =awrt13.1 and a time of 13:03 0.e.
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n x1.027(n-1) x5
1 25000 | 125000
2 25500 | 127500
3 26010 | 130050
4 26530 | 132651
5 27061 | 135304
6 27602 | 138010
7 28154 | 140770
8 28717 | 143586
9 29291 | 146457
10 29877 | 149387
11 30475 | 152374
12 31084 | 155422
13 31706 | 158530
14 32340 | 161701

399348 | 1996742

11
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QNte;tt;Z? Scheme Marks
%@ y =% —5x? +3x+14 :>j—y:3x2—10x+3:0 M1
X
Roots are 3, % =when x=3, y="3"-5x"3""+3x"3"+14=.... dMm1
Centreis (3, 5) Al
(©))
(b) AtA y=8 B1
r2=(2-"3"7 +("8"-"5")? (=10) M1
(x=3)*+(y-5*=10 Al
3)
C n ll_ll 11
© 8" (-3) M1
2-"3
y—"8"= 3 (x=2) M1
y:£x+§ * Al*
3 3
(©))
(d)
sz3—5xz+3x+14 dx:...[1x4—§x3+§x2+l4xj M1
0 4 3 2
2
Area = lx“—§x3+§x2+14x - 1>< g+"8" x2 |=...
47 37 2 , 2713
dMm1
L 16-2x8+3xar14x2-28
4 3 2 3
14_46_28 AL
3 3 3
3)
(12 marks)
(@

M1: Differentiates the equation of the curve and sets equal to 0 which may be implied by their
attempt to solve below. Do not credit this differentiation in any other parts of the question.
For the differentiation, look for at least 2 of x* —»..x% -5x* >..x, 3x >3

dM1: Solves a 3 term quadratic equation by any valid means (including a calculator) and substitutes
one of their roots in the original equation to find the y coordinate. Depends on the first mark.
Al: Correct coordinates (3, 5) or e.g. x = 3, y = 5 (Ignore any work with e.g. x :% and ignore any

work attempting to prove maximum/minimum points — just look for correct coordinates identified)
(b)

B1:y coordinate at A is 8 (Allow this to score anywhere)

M1: Attempts to find the radius of the circle (or radius?) using (2,"8") and their minimum point.

Score for (2—-"3")* +("8"-"5")? or equivalent correct work for their coordinates of T and A.
You can ignore what they call it e.g. condone radius = (2-"3")* + ("8"-"5")’

Al: (x-3)*+(y-5)2=10 oee.g. (x—3)2+(y—5)2=(JE)2, J(x=3)2 +(y-5)’ =+/10
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(©)

M1: Attempts to find the gradient between A and T using their coordinates. Note that as the
equation of the tangent is given we do not accept —3 just written down.

M1: Attempts to find the equation of the straight line using x = 2, their y value at A and the negative
reciprocal of what they think is the gradient of AT.

Al* y= % x+% with no errors and both previous method marks scored.

:>dy_3—x_3—2

Alternative for first M: (x—3)% +(y—5)*=10=2(x—3) + 2(y—5)d—y:0 == ==
dx dx y-5 8-5

(d)
M1: Attempts to integrate the curve. Award for a power increasing by 1 on one of the terms.
dM1: A correct method to find the shaded area:

e Substitutes in 2 (and 0) into the integrated function and subtracts either way round.

May not see 0 substituted in.
e Attempts to find the shaded area by subtracting the area of the trapezium

1 (22
E><(?+"8"J>< 2 from their area under the curve. It is dependent on the previous

Wl

method mark.

It must be a correct method for the area of the trapezium e.g. %x (2—32 + their yat Aj x2

Or e.g. rectangle + triangle: 2x%+%x Z(their yatA—%j

2 2
Or by integration I [1x+—] dx = {1x2+§x} 3 44 _46
o \3 3 6 3, 3 3 3

28 .
Al: 3 or exact equivalent cso

Alt(d)
M1: Attempts to integrate (curve — line) or (line — curve).
Award for the power increasing by 1 on one of the terms.
dM1: A correct method to find the shaded area.
Substitutes 2 (and 0) into the integrated function and subtracts either way round:
20 {x“ 5x° 4x2+20x}2_24 5x2° 4x22 20x2
0

4 3 3 3

jx —5x? + x+—dx —_—— + +
3 4 3 3 3

4 2
Ore.g. jzx3—5x 2 4 ax+14-1x—22 gy = x__5i+3i 14x —X——g =
0 37 3 4 3 2 6 3 |
4 3 2 2
2__5><2 +3><2 +14><2—2——22X2:
4 3 2 6 3

You can condone slips when collecting terms or for a slip with brackets e.g. attempting:
I2x3 -5x° +3x+14—lx+g dx
0 3 3

28 .
Al: 3 or exact equivalent cso

With otherwise correct work leading to —? allow full marks if then made positive.
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P2.3a Laws of logarithms

Question Scheme Marks
Number
10(i)(a) 2a B1
(b)
log, ] =log,~/3-1log, 16, _lag M1A1
16 2
@)
()(@)
Bl: 2a
(b)
M1: Uses the subtraction rule for logs to write log, il log, J3- log,16 seen or implied.
Al: 1a—4
2

. . 1
Do not isw here so if they reach Ea —4 correctly and then say = a—8 score M1A0

(i) This general guidance will apply to most cases you will come across:

M1: Takes logs (same base) of both sides and applies the addition rule for logs on the Ihs

See possible rearrangements below which may be seen before the addition rule is applied.
dM1: Correct method to make x the subject. Condone slips in rearrangement but there must be

more than one term in x. Award for collecting terms in x on one side and non x terms on the
other side, factorising and then dividing. Dependent on the first method mark.
B1: The correct power law seen for logs. Allow this mark to score independently so sight of

e.g. log, 2 =xlog, 2, log, 3 = xlog, 3, log, 6* = xlog, 6, log, 2** =(x+4)log, 2 etc. can

score this mark. (Condone e.g. log, 2** = x+4log, 2 for this mark)
Note that this may follow incorrect work e.g.
3*x2** =6=log, 3" xlog, 2*** =log, 6 = xlog, 3x(x+4)log, 2*** =log, 6

AL 273 ore.g. 3-a
a+l -a-1

Note that candidates are unlikely to be working in anything other than base 2 so you can condone
the omission of the base throughout but see 3™ below the main scheme below.

Note that for reference, a_—3 =
a+1

—0.54741122... which may be useful in some circumstances.
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(i) Examples:
3 x2""* =6 = log, 3" +log, 2*** =log, 6
or
Fx2"* =6=3"x2"x2' =6 = log, 3" +log, 2* +log, 2* =log, 6
or
Fx 2 =6=3 %2 =3=log, 3* +log, 2** =log, 3 M1
or
X oxid x_ox _3 x x 3
I x2"=6=>3"x2 :§:>I0923 +log, 2 :Iog2§
or
Fx2M =6=3"%x2""* =1=log, 3** +log, 2**° = log, 1
Examples:
xlog, 3+(x+4)log, 2 =log, 6 = x(log, 3+log, 2) =log, 6 -4 = x = ...
or
xlog, 3+xlog, 2+4 =log, 6 = x(log, 3+log, 2) =log, 6 -4 = x =...
or
xlog, 3+(x+3)log, 2 =log, 3= x(log, 3+log, 2) =log,3-3log, 2= x=... | dM1
or

xlog, 3+ xlog, 2= Iogzg: x(log,3+log, 2) = Iog%: X=...

or
(x—1)log,3+(x+3)log,2=0=ax+x=a-3=x=...
log, a" =blog, a B1
x=2-3 Al
a+l
(4)
(7 marks)

Some alternatives you may come across are below:

Alternative not requiring the addition law:

3X><2X+4:6:>3X><2X=§:>|0923X><2X=|nggz>log6leogzg

log 6™ :Iogzg:xlogzezlogzg:x:...

3
B |092§ _log,3-log,8 a-3
log, 6 log, 6 a+l

Score as:
M1: Divides by 2%, takes logs of both sides and writes 3*x 2*as 6*
B1: log, 6 = xlog, 6
dM1: Makes x the subject
3-a
-a-1

AL 273 o eg.
a+1
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Alternative not requiring logs:

a=log,3=3=2°
2% x 2 =3x2=2%%2
=2 ax+x+4=a+l=x(a+l)=a-3=x=...
(2

a+l
Score as:

Bl: a=log,3=3=2"
M1: Attempts to write all terms as powers of 2
dM1: Combines and equates powers and makes x the subject as in main scheme
3-a
-a-1

2ax+x+4

AL 223 o e.g.
a+1

Alternative using change of base:
F X2 =6=2"° =3"* = log2*** = log3"*
= (x+3)log2=(1-x)log3

:(x+3)||§§—2120=(1—x) I:)ggzl:i) = x+3=a(l-x)=x(a+l)=a-3=x=...
2 2

Score as:
M1: Divides by 2 and 3* and takes logs of both sides

B1: E.g. log2**® =(x+3)log2 or log3* =(1-x)log3
dM1: Changes to base 2 correctly and makes x the subject as main scheme
3-a
—a-1

AL 223 o e.g.
a+1

Alternative using logs base 6:

3 3 3
X2 == 3F%x2"="=6"="=log,. 6* =log, =
X X 8 8 J¢ 968

log, 6* = log, g = xlog, 6 =log, g

3
Ing Q

8
x=log,— =
955 log, 6

3
'0925 _log,3-log,8 a-3
log,6 log,3+log,2 a+1
M1: Divides by 24, writes 3" x 2*as 6* and takes logs base 6 of both sides

which may be implied by e.g. 6 :g: X= Iogeg

B1: For log, 6" = x log, 6 (may be implied)
dM1: Changes to log base 2 correctly (and makes x the subject)
Al: Correct expression




MARK SCHEME - IAL P2 (WMA12) - January 2021 - Q3 P2.3a Laws of logarithms < 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

, leading to x = ...

(ax’ +bx + ¢) = (mx + p)(nx + q), Where‘pq‘ = ‘c‘ and ‘mn‘ = ‘a , 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£%)’%gtc, ¢#0, |eadingtox = ..

Method marks for differentiation and integration:

1. Differentiation
Power of at least one term decreased by 1. (xn - xn_l)

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
Number Scheme Marks
1(a)
f(=1) = (=D* +a(=1)’ =3(=1)> +b(-1)+5=4 Ml
l-a-3-b+5=4=a+b=-1 * Al*
2
(b) 4 3 2
f(2)=2)" +a2)’ -3(2)" +b(2)+5=-23 Ml
=8a+2b=-32 oe (eg 4a+b=-16) Al
b=-1l-a=4a-1-a=-16=a=.. dM1
a=-5b=4 Al
“
(6 marks)

(a) NB Do not apply a misread on the equation a + b = —1 as it gains no extra marks. They can
score a maximum of M1A0 M1A1M1AO if they use an incorrect equation such asa+b=1.

M1  Attempts to substitute +1 into f(x) and set equal to 4 to obtain an equation in a and b.
Powers of —1 need not be seen, accept e.g. 1 —a—3 —b + 5 =4. Condone invisible brackets
on powers for the M mark, but penalise in the A (if incorrect).

Alternatively, attempts long division reaching a remainder which is then set equal to 4. Look
for a quotient starting x* +.. and linear remainder in a and b. It may be seen in tabulated
form.

Another alternative method: Writes f(x)=(x+ 1)()53 +ax® + fx+ 7) +4 (allow with y = 1),

expands and equates coefficients, and proceeds to eliminate a, £ and y from the equations.

Al1* Rearranges the equation with no errors and achieves the given answer with at least one
intermediate line with power evaluated. FYT by long division the quotient is
x* +(a-Dx*+(—a—2)x+a+b+2 and the remainder is 3—a—b.

By equating coefficients look for y +4 =5 (may be implied), a=a+1, b=£+1,
-3 =a+ [ being solved correctly.

(b)

M1  Attempts to substitute +2 into f(x) and set equal to £23 to obtain an equation in a and b.
Again, accept attempts at long division leading to a remainder linear in a and b (which is
8a+2b+9), which is then set equal to £23, or via equating coefficients (look for at least
three equations formed). May have substituted for a or b already.

Al 8a+2b=-32 oe need not be fully gathered but powers should be evaluated. So e.g. accept
16+8a—-12+2b+5=-23 oraccept 16+8a—12+2"(—a—1)"+5=-23 if substitution for »

happens first (similar for a). Via equating coefficients, all equations should be correct.

dM1 Attempts to solve simultaneously and achieves a value for a or b. It is dependent on the
previous method mark. Allow as long as values for a or b appears after writing out their two
equations in both @ and b (or solving a linear equation if substitution occurs before
remainder theorem). Allow for slips in copying their initial equations.

Al a=-5,b=4 cao
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MARK SCHEME - IAL P2 (WMA12) - October 2022 - Q4

P2.3a Laws of logarithms

%ﬁ%ﬁ? Scheme Marks
1
a b c (abc)
6 1 3 (18)
4 2 4 (32) B1
2 3 5 (30)
Any one correct row forb=1,b=20rb=3.
Products do not need to be found for this mark.
Attempts the product abc for at least 2 valid combinations. M1
Finds all three valid combinations with correct products seen and *
L X Al
somewhere/shows why this is exhaustive and concludes. *
(3 marks)

Note that in most cases the M1 can only follow B1 but there may be some exceptions.

Numerical approach using the table:

B1: Any one correct row for b = 1, b =2 or b = 3. Products do not need to be found for this mark.
M1: Attempts the product abc for at least 2 valid combinations.

Al*: Requires:

o All three valid combinations with correct products
o No other combinations shown unless they are crossed out or e.g. have a cross at the end of
the row or are discounted in some way
¢ A (minimal) conclusion e.g. the product of a, b and c is even, hence proven, QED, hence it
is even, each product stated as even, etc.

Algebraic/logic approach:

B1: Uses the information to obtain a correct equation connectingaandbe.g.a+2b=8,a=8-2b
M1.: States a must be even and considers the product abc in some way
Al*: States e.g. abc is even with a reason e.g. “even x anything is even”

Pure Algebraic approach:

B1: Uses the information to obtain a correct equation connectingaandbe.g.a+2b=8,a=8-2b

M1: abc =(8-2b)b(b+2)

Attempts the product of a, b and c in terms of b (or some other letter)
Al1*: abc =2(4-b)b(b+2)which is even, hence proven, QED etc.

Concludes abc is even and makes a (minimal) conclusion. There must be no algebraic errors.

NB using this approach “abc = —2b* + 4b” +16b which is even hence proven” is not sufficient —
they would need to say e.g. which is even + even + even or factor out the 2.
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MARK SCHEME - IAL P2 (WMA12) - January 2024 - Q6 P2.3a Laws of logarithms < QUESTION

Number Scheme mane
3(a) Attempts (8-3) +(5--7) =.. M1
2 2
Writes (x—3) +(y—5) —k M1
2 2
(x—s) +(y—5) =169 Al
3)
(®) Attempts d2+(2\/ﬁ)2 —169=d=.. M1
States or uses(y =) 5+d dM1
y=14 Al
3)
(6 marks)
@

M1:  Attempts to find the radius or radius 2. Must proceed to find a value. Condone a sign slip if attempting
5——7 if thisis seen as 5—7 0.e. May be implied by 13 or 169. Do not be concerned with the

labelling of the expression or value as r or r?
M1:  Writes the equation of the circle in the form (x—3)2 +(y—5)2 =k, where k>0, 0.e.
e.g. x*+y>—6x-10y+c=0 where c<0
Invisible brackets may be implied by further work. Condone (X—B)2 +(y—5)2 = r2 where no attempt
has been made to find the radius or radius?

2 2
Al: (x—S) +(y—5) =169 o0.e. e.g. X’ +y*—6x—10y—135=0isw once a correct unsimplified equation

2 2
for C is found. Condone (x—3) +(y—5) =13" . A correct equation scores M1M1A1 but it must be

seen in (a).

(b) Note that (3+2+/22, 14) as the final answer is A0

M1:  Attempts Pythagoras' theorem with “13” (as the hypotenuse) and 2\/2 to find d. Not justd? (See diagram)

dM1: States or uses the equation for MN, (y :) 5+ d but also condone stating/using (y :) 5—d (may be
implied by their value for y)

Al:  y=14 only (Must be exactly 14 e.g. 13.99...=14 is AQ). Further work leading to a different

equation of a line is AQ.
[
y

o

(8,-7)

&
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Alternative using their centre and the x coordinates of M and N are equidistant from the centre

M1:  Attempts to find the x coordinates of M or Ne.g. 3+ 222 , uses their equation of the circle with one
of x=3+2+/22 and forms a three term quadratic in y (e.g. y>—10y—56=0)

dM1: Attempts to solve their quadratic proceeding to a value for y. Usual rules for solving a quadratic.
Accept via a calculator. It is dependent on the previous method mark.

Al:  y=14 only (Must be exactly 14 e.g. 13.99...=14 is AO) Further work leading to a different
equation of a line is AQ.

Alternative finding an angle in the triangle MNA, then using the angle to find d
M1: e.g. attempts the cosine rule to find the angle MNA, and then trigonometry to find d

13+ (422 )2 _13?
2><l3><4\/z
d =sin43.8...x13=....

dM1: Same as main scheme
Al:  y=14 only (Must be exactly 14 e.g. 13.99...=14 is AO) Further work leading to a different

equation of a line is AQ.

= ZMNA=438..°

cos(ZMNA) =

Note: There may be other more complex attempts (including use of area) Send to review if unsure.
9 . 220- 2722

2422 44

e.g. Attempting to find the line which passes through AN [y = j and solving

simultaneously with the equation of the circle = y =14

This typically will score M1 for attempting Pythagoras’ theorem, but can score for attempting the
gradient of the line AN.

The dM1 mark would be for the full attempt to find where the line through AN intersects the equation
of the circle.
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MARK SCHEME - IAL P2 (WMA12) - January 2024 - Q6 P2.3a Laws of logarithms < QUESTION
Question Scheme Marks
Number

4(a) y
Correct shape Bl
_________ _(;'_1 Correct intercept | B1
y=4 Correct equation for asymptote B1
0 X
(©)
(b) Strip width = 2.5 Bl
8.5 1
j [32X +4] dx ~ §{13+4.009+ 2x(6.280+4.577 +4.146 +4.037)}
" 4 M1 Al
=68.86125(=awrt 69)
(©)
(C) 85 —lx
Q) J. {3 2 ]dx=69—4x(8.5——4)=awrt 19 M1, Alft
-4
85 1 4 1,
(i) J (3 2 +4] dx + j [32 +4J dx =awrt 138 B1ft
—4 8.5
3)
(9 marks)

(a) If there are multiple attempts then mark the most complete attempt. If coordinates/the equation of
the asymptote are stated by the question and on their diagram, then the sketch takes precedence.

B1:

Correct shape in quadrants 1 and 2 and does not appear in quadrants 3 or 4 or touch the x-axis.

Do not be concerned about the y intercept or asymptote. Mark the intention to draw an exponentially
decreasing graph — do not penalise parts of the curve which may appear linear.

B1:

Intercept at (0, 5). Condone invisible brackets, or may just have 5 marked on the y-axis, or

x=0, y=5. If the point is labelled as (5, 0) then condone provided it is a y intercept which is
above the x-axis.

B1:

Graph with asymptote at y =4 (asymptote does not need to be drawn) Must be an equation. There

must be a graph with the intention of a horizontal asymptote above the x-axis to score the mark. If
more than one horizontal asymptote is given, then BO. Where the asymptote is not drawn (e.g. with
dashed lines) it must be clear that y =4 refers to the asymptote of the graph and not the y-intercept.

Examples:

BOB0OB1

BOBOB1 B1B0OBO
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MARK SCHEME

(b)
B1:

M1:

Al:

- 1AL P2 (WMA12) - January 2024 - Q6 P2.3a Laws of logarithms < QUESTION

For a correct strip width of h=2.5 o.e. May be implied by 1.25 or equivalent in front of the bracket

Correct application of the trapezium rule with all the y values and their h (which may be 1 and
condone if negative)

Condone a missing trailing bracket. Condone other bracketing errors only if followed by a correct
answer for their values. Condone miscopying of the y values from the table but the intended values
must be used in the correct places.

Also award for attempts at forming individual trapezia and adding these together.

e.g.

2.5(13+ 2.280j+ 2.5(6.280—2 4.577] N 25(4.577;—4.146] N 25( 4.146;4.037] N 25( 4.037—;4.009]

awrt 69 (exact answer is 68.86125) isw once a correct answer is seen. awrt 69 following a correct
calculation.
85
Note that the calculator answer for I
-4

1
(3 2 +4] dx is 66.367... which scores 0 marks.

(c) They may use their 69 or a more accurate value of their 69 which is acceptable.

(M)
M1:

Alft:

(c)(ii)
B1ft:

Attempts at redoing the trapezium rule with new values is MOAO
85

Attempts "69"+4x(8.5—-—4)or "69"J_rJ‘ 4.dx or (b)£50

—4

May also be implied by just stating the value of (b)+50

awrt 19 but follow through on (b)-50.

awrt 138 but follow through on 2x (b)

Part (c) when the answer to part (b) is awrt 66 (where (b) has been done using the calculator)

©()

(©)(ii)

If a method is shown then M1ALft is possible e.g. 66+4x(8.5——4) or e.g. 6650 for awrt 16.
awrt 16 with no working is MOAOft (as this could have been done using the calculator)

awrt 132 scores B1ft (condoned)
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MARK SCHEME - IAL P2 (WMA12) - January 2024 - Q6 P2.3a Laws of logarithms < QUESTION

Number schene e
5(i) r=0.25 B1
15
Sw_1—0.25_2 M1 Al
_ @)
(i1 @) (u1:3,) u, =0, uszg,u4:3,... M1
3
(u1=3),u2=0,u3=§,u4=3,... Al
and e.g. states that u, = u, so sequence will repeat (is periodic)
)
(b) (Orden) 3 Al
1)
70 3
©) Zun:23x£3+0+§J+3=106.5 M1, Al
2
(8 marks)
(i)

B1:  Statesoruses r =0.25 (may be implied by using r =0.25in the sum to infinity formula). 6x0.25or
any other term in the sequence is not sufficient evidence that this is a geometric sequence.
Alternatively, shows an understanding of the sigma notation by writing at least the first three terms in

1 1Y 1y
the sequence e.g. 6x=+6x| = | +6x| = | +...
4 4 4
Condone invisible brackets and may be written as a list.

M1:  Attempts S_ =&with a=15 (or 6x0.25),r=0.25 or a=6, r =0.25

You may also see S_ = %—a with a =6, r =0.25 which is acceptable

Beware of other variants such as taking a factor of 6 out and using a =0.25, r =0.25

The values embedded in the expression is sufficient to score this mark.
Al: 2 cao following evidence of the use of the sum to infinity formula

2 3
Note 6x%+ GX(%j +6x[%j +...=2 is BIMOAO (no evidence of using the sum to infinity formula)

(i)(@)

M1:  Uses the recurrence relation correctly at least once. If they do not achieve a correct u, =0 then check

e.g. their u,is a correct follow through for their u,

3 . . .
5, U, =3,...with a statement or conclusion such as u, =u, /repeats/cycles (is

Al: (u1=3),u2=0, U, =5

periodic) As a minimum accept (3), 0, g 3 (hence) periodic

(ii)(b) This mark can only be scored following correct values in (ii)(a) (or a restart in (ii)(b))

Al: (Orderis) 3 (do not accept (repeats every) third). Cannot be for just listing the terms of the sequence.
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(i) (c)

70
M1:  Establishes a correct method of finding Zun for their periodic sequence of order 3 found in (a).
n=1
If they did not have a periodic sequence of order 3 in (a) and they do not restart then this mark cannot
be scored.
Seeing the values embedded in the expression is sufficient to score this mark.
Attempts to use the sum of a geometric or an arithmetic series is MOAO

Al:  106.5 or exact equivalent e.g. % ignore any subsequent incorrect attempts to round.




MARK SCHEME - IAL P2 (WMA12) - January 2024 - Q6 P2.3a Laws of logarithms < QUESTION
Question Scheme Marks
Number

2
6@ 2Iog4(x+3)=I094(x+3) or%:log42 0.e Bl
2
Combines two terms e.g. 2log, (x+3)+ log, x=log, x(x+3) M1
2
e.g. x(x+3) :2(4x+2) Al
eg. x[x2+6x+9j:8x+4:>x3+6x2+x—4:0* Al*
(4)
b) (i
(b) () x3+6x2+x—4=(x+1)(x2+5x—4j M1
x:_Si‘/225+163x=_5i2‘/ﬂ dM1 A1
@)
. X = S5+ B1
(i) 2
1)
(8 marks)
(a) Do not penalise the omission of base 4 in their working provided the terms and values are consistent
with base 4.
B1:  Writes (or may be implied by further work)

M1:

Al:

Al*:

. 2Iog4(x+3) as IogA(x+3)2 or

1
5 as =log, 2

Correctly combines (at least) two of the original terms. e.g.

o 2I0g4(x+3)+I094x:log4x(x+3)2 is M1 but 2Iog4(x+3>+log4x:2|og4x(x+3) is MO

o Iog4(4x+2)—I094x:logA(A'X;ZJ is M1

o Iog4(4x+2)+%: IogA(8x+4) is M1

Do not penalise if they subsequently make errors or apply laws incorrectly. May be implied if they
proceed to an equation not involving logs e.g. x(x+3)2 =2(4x+2) (but not the given answer)
Beware that 2log(x+3) +log x = 2log x(x +3) = log x(x + 3)? is BLMOAQOAO

A correct intermediate equation not involving logs (but not the given answer).

2 2
Must follow correct log work. e.g. 10, X(x+3) = 1 = X(x+3) =2 is A0
log,(4x+2) 2  (4x+2)

Correct proof. Expect to see
e acorrect equation not involving logs which is not the final answer
e the brackets multiplied out (x+3)* or (x*+3x)(x+3) before proceeding to the given answer.

Do not allow this mark for recovery from incorrect log work but allow invisible brackets to be
“recovered” or implied if the intention is clear.
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(b) (i) Answers with no working score 0 marks in (b)(i)

M1: Divides by (x+1). May be implied by a correct quadratic. May be seen as the quotient if attempting

algebraic division. If via division look for (x+1)(x2 in....) or via inspection (x+1)(x2 i....xi4j

dM1: Attempts to find the roots of their quadratic factor (usual rules for solving a quadratic). Accept
solving the quadratic via a calculator (you may need to check this). Condone decimals to 2sf for this
mark. e.g. may see 0.70 or -5.7
Note that if there are multiple attempts to solve the quadratic (including via a calculator so roots may
be stated) then mark the one which scores the most marks).

-5+ /41 . . N
Al (x:) Tf or exact equivalent e.g. —2.5+,/10.25 (Do not accept decimal answers but isw if

seen after an exact answer is seen)
Ignore the presence or absence of x=-1

(b)(ii) This mark can only be scored provided (x =) _5+T\/ﬂ (or awrt 0.702) is found in (i), even if

this is via solving the cubic on a calculator

Bl: x= _5+T*/H or exact equivalent ONLY (accept awrt 0.702 if given in (b)(i)) If both answers are

present then they must indicate they have chosen x = _5+T\/H e.g circling or ticking (or putting a

cross by the other one)




MARK SCHEME - IAL P2 (WMA12) - June 2019 - Q8 P2.3a Laws of logarithms < QUESTION

%‘:ﬁgg? Please read notes for 8(i) before looking at scheme Marks
8.3) |8 =6=2x+1= log, 6 ML | 2% _pg
log, 6
= 2x+1_m Al | =(6x+3)log,2=log,6  MI1A1
:2x+1:w M1 | =(6x+3)=log,2+log,3 M1
_log,3 1 _log,3 1
X= 6 —§ Al > X= 6 —§ Al
4)
(ii) log, (7-2y)=2log, (y+1)-1 2log, (y+1)—log, (7-2y)=1
log, (7—-2y)= Iogs(y+1)2 -1 Iogs(y+l)2 —log, (7-2y)=1 M1
+1)°
log, (7-2y) = Iogs(y+1)2 —log, 5 log, ((73/_23/) =1 dM1
2
(y+1)° o+l g Al
y' +12y-34=0=y= Y’ +12y-34=0=y = ddM1
y =-6++/70 oe only Al
®)
(9 marks)
Notes

There are many different ways to attempt this but essentially can be marked in a similar way.
If index work is used marks are not scored until the log work is seen

Egl 82x+1:6:>82xx8:6:>82x:%.
3
. 3 IngZ
15T M1 is scored for 2x=log. — and then 15T A1 for 2x=—2
84 log, 8

but BOTH of these marks would be scored for 2xlog, 8 = IogZ%

2" M1 would then be awarded for log, % =log, 3—log, 4which may be implied by log, 3—2

Two more examples where the candidate initially uses index work.

82x+1 PN 23(2x+1) _6 82x+1 —6— 64X _ %
3(2x+1) =log,6 is M1 Al :>x:|og64% is M1
as it is a correct linear equation in x But = xlog, 64 = Iogzg is M1 Al
involving a log » term
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Question
Number

(ii)

M1  Attempts a correct log law. This may include
2log, (y+1) > log, (y+1)" 1->log.5
You may award this following incorrect work. Eg

Please read notes for 8(i) before looking at scheme Marks

1=2log, (y+1)—log, (7—2y)=1=log, 2(y+1)—log (7—-2y)=1= |°95(27(X—J2ryl§
dM1 Uses two correct log laws. It may not be awarded following errors (see above)
(y+1)°
5
1+log, (7-2y)=1log.5(7-2y) or 2log, (y+1)-1=log, (y+1)’~log,5

Al A correct equation in'y' not involving logs
ddM1 A correct attempt at finding at least one value of y froma 3TQ iny
All previous M's must have been awarded. It can be awarded for decimal answer(s), 2.4 and —

, 2log, (y+1)-log, (7-2y) =log, %

It is awarded for 2log, (y+1)—1=log,

14.4

Al y=—6++/70 or exact equivalent only.
It cannot be the decimal equivalent but award if the candidate chooses 2.4 following the exact
answer. If y=—6+/70 then the final A mark is withheld

Special case:
Candidates who write
2 2
log, (y+1)° ~log, (7-2y)=1 3M=1: (y+1) s

log, (7-2y) (7-2y)
can score M1 dMO AO ddM1 Al if they find the correct answer.




MARK SCHEME - IAL P2 (WMA12) - June 2024 - Q9 P2.3a Laws of logarithms < QUESTION

Question Scheme Marks
Number
9(a) |Substitute t=4 in 3log,(t+4)-2log, (t—2)= 3log,8-2log, 2 M1
=3x3-2x1=7 4 Al
2)
(b) | one correct log law applied. E.g 3log, (t+4)= Iogz(t+4)3 M1
3
Correctly removes logs (t+4)2 _2 Al
(t-2)
£ +12t 1 48t + 64 :128(t2 4ty 4) — 116" +560t—448=0 | A1*
3
© £ ~116t" +560t - 448 = (t-4) (¢ +....+112) M1
£ -116t" +560t - 448 =t - 4)(* ~1121 +112) Al
Solves their t*>—112t+112 and finds at least the value of t greater than 2 dM1
t=4, 56+12+/21 Al
4)
Total 9

(a) Note the demand of the question.
Candidates cannot substitute t =4 into t* —116t° + 560t — 448 = 0 unless all the work in part (b) is done in
part (a)
M1: Substitute t =4 in 3log, (t+4)—-2log, (t—2) and simplifies to achieve

either 3log,8-2log,2 or 3log, (4+4)-2log,(4-2)=9-2

(t+4)3 g’

(t—2)2 —log, —
If the equation is adapted it must be correct
Al: Correctly verifies with a minimal conclusion seen. E.g. =3x3-2x1=7 v
Condone sight of the calculation partially completed if deemed reasonable, E.g. =9-2=7 v
There are other possible ways including
e 3log,8-2log,2=9log,2-2log, 2=7log,2 =7 Hence true

There are other possible ways including substituting t=4 intolog,

t+4)’ ’
e 3log, (t+4)-2log, (t-2)=log, E +2;2 = I0928—2= log,128=7 QED
t— 2
The calculation of the logs must be something that could reasonably be done in your head.
3

So IogZS—2 =7 is insufficient
2
(b) Work from part (a) can only count in part (b) if it used in part (b). See example

M1: One correct log law seen and applied to the given equation.
In almost all cases this will be a power law but it can be awarded for 7 =log,128

3
. . . t
Al: Removes logs and forms a correct un-simplified equation. E.g. E +2§2 -2 oe.
t—

Al*: Proceeds to the given answer with sufficient intermediate work shown.

Any incorrect working (including missing brackets) within the body of their solution should be

penalised.

See main scheme for a minimal acceptable solution
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(©

M1: Uses the fact that t=4 is a solution so (t—4) must be a factor.

Score for attempting to divide or factor out (t—4)

For factorisation look for t* ~116t" + 5601 ~448 = (t-4)(t” +..0 112

t? 4112t +... t? +120t + ...
For division look for t—4)t3—116t2+560t—448 or t—4)t3—116t2+560t—448

Al: Correct quadratic factor (t2 -112t +112)

dM1: Solves their t>—112t+112 and finds at least the value of t greater than 2

It is dependent upon the previous method. Allow use of a calculator to solve the quadratic.
Allow a decimal answer here, accuracy awrt 3sf.

Al: States t =4, 56+12+/21 and no other solutions following the award of M1 Al dM1
Candidates who simply write t* —116t”> +560t —448=0 followed by t =4, 56 +12+/21 score 0 marks.
All previous M’s and A must have been scored before the final A1 mark is given.
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%ﬂﬁggp Scheme Marks
2
8.(@ | -5< x<§ M1, Al
(2)
(b) (2x-7) Bl
1)
(©) f'(x) =2(3x—2)(x+5)=6x" +26x—20
f(x) =2x® +13x* —20x +¢ M1, Al
x=%, y/f(x)=0=c=(-175) dM1, A1
f(x) =2x> +13x* - 20x-175= (2x—7)(x2 +10x + 25) ddMm1
=(2x-7)(x+5)° Al
(6)
(9 marks)

(@)
M1: Achieves the correct critical values. Condone for this mark —5and awrt 0.67
They may be seen as part of an incorrect inequality

2 2 . . . . .
Al: -5<x< 3 or -5,, X,, 3 Either of these on their own (with consistent inequality use) scores both
marks

. . 2
Accept other valid alternatives such as x e (—5, %J and {x:x> -5} m{x IX< %} but not X < 3 or

X>-5

(b)
B1: States (2x—7) or A=2,B =—7which must be seen in (b).

Condone candidates who write (x - 9 =(2x—7) Note that stating (x - gj on its own is BO

(c) Some candidates integrate in part (b). Allow these candidates to score the marks in (c) as long as they
re-write f(x)in (c) or do some extra work involving f(x) in (c)

M1: Multiplies out f'(x) to form a quadratic expression and attempts to integrate.
Look for f'(x) =2(3x—2)(x+5)=ax’ +bx+c —f(x) = px’ +ox* + rx....(+c) with or without the +
c
Al: f(x)=2x*+13x* —20x+c with or without the + ¢
dM1: Substitutes x :g, y/f(x)=0=c=..

Alternatives exist via division using the fact that(2x—7) is a factor of 2x* +13x* —20x +c
Al: f(x)=2x*+13x* —20x—175 but allow f(x) = 2x°+13x* —20x+c followed by ¢ =-175

X2
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ddM1: Attempts to divide or factorise out a factor of (2x—7) or (x - 9 from their

f(x) =2x* +13x* —20x—175

Awarded for ‘correct’ first and last terms or correct first two terms for their f(x) condoning sign
slips

E.g. 2x° +13x* = 20x—175=(2x—7)(X* +..X £ 25) or

2x% +13x% — 20X —175 = [x—%j(sz +...xi50)

It is dependent upon both previous M’s so cannot be awarded if they don’t have a value for ¢
Mark their final response here as there may be working before the final answer

Al: CSO Requires working to be seen (see bold sentences in question) so look for
o f(x)=(2x-7)(x+5)" or f(x) =(2x—7)(x+5)(x+5)following correct f(x)

e AND correct intermediate factorisation (2x — 7)(x2 +10x + 25)

Going directly from 2x* +13x? — 20x —175 to (2x —7)(x+5) without sight of working would
result in the loss of the last two marks

Note that the last 4 marks can be scored without finding the value of ¢ BUT the constant ¢ must be
present.

We know that f(X) = 2x> +13x” —20x+cand that (2x—7) is a factor
So 2x° +13x* —20x + ¢ = (2x— 7)(Ax2 +Bx+ C)which may be attempted via division
2X° +13xX* - 20x+C = (2x—7) (1" +10x+25) =(2x~7)(x+5)" 0.

The 6 marks in part (c) are awarded as follows

M1, Al: For f(x)=2x>+13x*—20x+c with or without the + ¢
dML1: For setting their f(x) ='2'x* +'13'x* ='20"x + ¢ = (2x —7)(Ax2 + Bx+C) and correctly deduces the
value for A for their f(x). You may see a division attempted here which is equivalent work
AL: Correctly deduces 2x° +13x* = 20x + ¢ = (2x—7)(x* +10x +C)
Via division, the (x2 +10x + ...)can be awarded implied from within the calculation
ddM1: Correctly deduces 2x° +13x* — 20x+¢ = (2x— 7)(X* +10x + 25)

AL f(x)=(2x-7)(x+5)" o.e.
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Question
Number

Scheme Notes

Marks

9(1)

4 =log, 81 or 4=1log, 3*

S 4 X 3 (or 81)
2x -1 2x -1

May be implied by e.g. log,

Bl

Examples:
log, (x+5)—log,81=log, x87+15
or
x+5

log, (x+5)—log, (2x—1) = log, S

or
log; (2x—1)+log, 81 =log, 81(2x—1)

This mark is for combining 2 log terms correctly and can be awarded following an incorrect

rearrangement e.g.
log, (x+5)—4=log,(2x—1)= log, (x+5)+log,(2x—-1)=4

= log, (2x—1)(x+5)=...

M1

Obtains this equation in any form e.g.
x+5
— — =2x-1 x+5 _ 34
81 2x-1

Al

86

X=— Cao
161

Al

Condone the omission of the base throughout

“

Alternative for first 3 marks:
log, (x+5)—4=log, (2x—1) = 3° (9 = 3lalx)

x+5

= 3log3(x+5) x 3—4 =2x—1= 2x—1

Score B1 for sight of 3 and M1 for applying 3“*” = 3“ x3*" and A1 as above

(a) Special Case
log, (x+5) x+5 86

I 5)—log, (2x-1)=4 : —4 — 8l x—
o8, (xv+5)~log, (2-1) Tlog,(2x-1)  2x-1 0Tl

Scores B1(implied) MO A0 Al

(ii)(a)

3y+3 — 3)/ % 33
or One correct index law seen or implied
=2y Y 2 - 2 anywhere in their working
27 =2x%x2 ’orzTy or 2x477 or?

B1

Applies both correct index laws to the lhs

y+3 -2y _ y -2y _
X2 =2Tx3x2x2 = .. of the equation

MI(B1 on
EPEN)

v Aoy 108 3 108 37 108
3 x27 = or —= or ="+
27%x2 47 27x2 27 54
Isolates the terms in y (as powers of 3 and 2(or 4)) on the lhs and the constants on the rhs.

There must be no incorrect work to combine terms e.g. 3’ x3° =27 etc.

Ml

Cso. Reaches the given answer with no
(0.75)) =2%* errors and all steps shown with 2%
appearing as 4" at some point.

Al*

“
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Alternative 1 for (ii)(a) using logs:
log (3”3 X 21’2}') =log3"" +log2"™ o
One correct log law seen or implied
Or log3’™" = ( y+ 3) log3 anywhere in their working. No bracketing | B1
or log o2 (1 B 2y)10g2 errors allowed for this mark.
y+3 1-2y _ _
log3"" +log2' ™ =(y+3)log3+(1-2y)log2 MI(BI on
Applies the correct log laws to the lhs. EPEN)
You can condone missing brackets around the y + 3 and/or 1 — 2y
(y+3)log3+(1-2y)log2 =1log108 = log3” —log 2> =log108—3log3—log2
=lo 3 lo 108
g 22 g T2
Proceeds to isolate the terms in y on the lhs and combines the constants on the rhs M1
ore.g.
1
(y+3)log3+(1-2y)log2 =10og108 = y(log3—2log2)=log T2
X
Proceeds to isolate the terms in y on the lhs and combines the constants on the rhs
: 2
(0'75))) P ng. W}th e.g. 2log 2 seen as log 4 or log 2 Al*
or implied at some point.
Alternative 2 for (ii)(a) using factors of 108:
3 ALy , One correct index law seen or implied
I 27 =108=2"x3 3+
374 912y anywhere in their working e.g. ED =3"or -
2?x3 7 12y
=3 x2" = P 2
2
322 = Applies both correct index laws to the lhs of | M1(B1 on
=X - the equation EPEN)
Proceeds to isolate the terms in y (as powers
=3 %2 =2 of 3 and 2(or 4)) on the lhs and the M1
constants on the rhs
7 Cso. Reaches the given answer with no
(0.75)) =2%* errors and all steps shown with 2% Al*
appearing as 4” at some point.
(b) : log2
(0.75) =2= y=—22_
log0.75 Correct processing to obtain a value for y M1
or May be implied by awrt — 2.4
(0.75) =2= y =log, s 2
_ Awrt —2.409
y=-2409 A correct answer implies both marks Al
2
Total 10
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6(a) | Way 1: Eqnis (x=3) +(y+4) -9-16+k=0 M1
So radius must be 4 = 25—k =16 M1
=k=9 Al

3
Way 2: y=0 = x’ —6x+k =0 has one solution M1
=6’ —4xIxk=0 M1
=k=9 Al
(&)
(b) C intersects x axis at (3,0) B1
Intersects y axis when y° +8y+9=0=>y=..o0r y="-4"+/"16"-"9"
M1
Or uses base of triangle is 2/"16"-"9"
Area RST = %xZﬁx3 M1
=37 Al
“
(7 marks)
Notes:
(a) Way 1

M1: Attempts to complete square on both terms. May be implied by a centre of (i3,i4)

M1: Uses a valid method to find , e.g. y coordinate of centre and sets "9"+"16"— k = [their “4”%.
Can be implied by sight of k = (their x coordinate of centre)?
A1l: Correct value for k
Way 2
M1: Substitutes equation for x axis (y = 0) into the circle equation.

M1: Sets the discriminant of the resulting quadratic to 0 (since as a tangent there is only one point of
intersection).

A1l: Correct value for k

(b)

B1: Identifies or implies the coordinates where circle touches the x axis. Probably from having
completed the square on the equation. The 0 ordinate need not be seen and may be seen anywhere.

M1: Attempts the y coordinates of the intersections with the y axis, or the distance between these
two points. E.g. may set x = 0 in the circle equation, or may use centre is 3 units from y axis etc.

M1: Uses a correct method for the area of the triangle RST. Longer methods are possible, such as

. . . 1 .
use of cosine rule to find an angle in the triangle, followed by Eab sin C, or may use the shoelace

3 0 0
0 —4+/7 —4-7

Al: Correct answer.

1
method, e.g. —
g 2

=%|3(_4+\/7)+0+0—o—0—3(—4—ﬁ)|




< QUESTION

7(a) 2 =log, 3> oe seen or implied by working B1

3log,(2x—1) =log,(2x—1)’ or

log,"3* "+ log, (14x - 25) = log, ("3” "(14x - 25)) mi
= (2x—1) =9(14x-25) dM1
= 8x’ —12x" +6x—1=126x—225 AL
= 8x’ —12x> —120x+224 = 0 = 2x* —3x* —30x +56 =0 *
@
(b) 2(+4)° —3(+4)* —30(+4) + 56 = ... M1
2(—4)* —3(-4)* —30(-4) + 56 =128 — 48 +120+56 =0 Al
Hence —4 is a root of the equation.
(]
Alt (b) 2x3—3x2—30x+56=(xi4)(2x2+...i14) M1

2x7 =3x% =30x+56=(x + 4)(2x2 —1lx+ 14) so —4 is a root of the equation. Al

2
(©) 2x° =327 =30x+56 = 0= (x+4) (22 +...+14) =0 M1
(x+4)(2x° =11x+14)=0 Al
(x+4)2x-T)(x-2)=0=>x=... dM1
(Equation not defined for x = —4 so) solutions are 2 and % Al
“
(10 marks)
Notes:
(@

B1: States or implies 2 =log, 3> or equivalent. May be gained via log, f(x)=2= f(x)=9
M1: Uses a correct log law, either power law on 3log,(2x —1) = log,(2x—1)’ or sum law on
log,"3* "+ log,(14x —25) = log, ("32 "(14x — 25)) or equivalent work (e.g. difference law if

combining the two log terms on one side first).

dM1: Uses correct log work to remove the logs. Allow slips, but all log work must have been
correct.

A1*: Expands and simplifies to the given cubic. Must see an intermediate step between the
factorised sides and final answer.
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P2.3a Laws of logarithms

Question Scheme Marks
Number
x+11
6. (i) 2Iog2(4—x):3+logz(Tj
One correct law applied — examples (not exhaustive):
2log, (4-x) = log, (4-x)', uogz(““}Iogz<x+n>—logzz o
3=log,8
Correctly combines two original terms e.g.  2log, (4—x)=log, (4x+44) | M1
Correct equation not involving logs ~ (4- x)2 =4x+44 Al
X" —12x—28=0=>(x-14)(x+2)=0=>x=... dM1
=>x=-2 only Al
(®)
.. X 2x+1 2x+1 X
(i) Combines y=6x3 and y=3 =3 =6x3 M1
—3'x3=6
=3 =2=x=log,?2 dm1, A1
y=6x3"" =6x"2" ddM1
coordinates of P are: (Iog3 2, 12) Al
(%)
(10 marks)
(M)
B1l:  Sight of one correct log law applied. See scheme. There will be other equivalent examples

M1:

Al:

dM1:

Al:

X+11
e.g. Iogz[T

applying the law and do not withhold this mark for any subsequent errors.

j =log, (x+11)—1. This mark can still be awarded if they have made errors before

2(4-x)’
(4= _,
x+11
May be implied by a correct equation in any form not involving logs provided it has not come from
4-x)* .
= ( X) =8 isMO

log,(4-x)°
o X+11) x+11
gZ 2 2

Correct equation in any form not involving logs which has not come from incorrect log work.

Correctly combines two of the three original terms of the equation. e.g. Iog{

incorrect log work. e.g.

Solves a quadratic equation via factorisation, the formula or completing the square (usual rules apply).
They are not allowed to just state the roots. Dependent on the previous method mark.

Xx=—-2 only (the 14 if found must be rejected or not included in their final answer)
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M1:

dM1:

Al:

ddM1:
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Note that if logarithms are written as decimals instead of keeping their values exact then
- if they find x first the maximum score is M1dMOAOddMOAOQ
- if they find y first the maximum score is M1dM1A1ddMOAO

Sets up a correct equation in x or y. Most likely in x but it is possible to form an equation in y

X+ X 2 2
e.g. y=3z 1=3X<3) =3x£%)

A correct method of solving the equation in x (or y) to find either
o an unsimplified expression or value for x in terms of logs, or
e an expression or value for y not involving logs

It is dependent on the previous method mark. Condone arithmetical slips but any log/index work must
be correct.

There may be some alternative approaches here to solving:
e.g. taking logarithms of base 3:
log, (3**") =l0g,(6x3*) = 2x+1=log, 6 +l0og, 3" = 2x +1=1+l0g, 2 + X = X =...

e.g. forming a quadratic in 3" (or another variable)
3x3*—6xF =0=3F(F-2)=0=3F =2=x=...

2
If solving an equation iny thene.g. Y= 3{%) = \( = 3x% =>y=

. . . log2 .
Correct x coordinate (log, 2 or equivalent expressions such aslog, 61 or % 0.e.) or y coordinate
0g

which must be 12

Uses a correct method to find values for both x and y. Condone arithmetical slips but any log/index
work must be correct.

It is dependent on the previous two method marks.

May be implied by a correct coordinate for their x or y. Do not allow logarithms to be written as
decimals.

(Iog3 2, 12) Accept if written separately e.g. x=10g,2, y=12. isw if they incorrectly state the values

of a and b after correct coordinates are seen.
Condone missing brackets but do not allow the coordinates to be the wrong way round.
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P2.3b Exponential equations

< QUESTION

Question Scheme Marks
Number
9.(a)
Y Shape | B1
(0,3) Bl
3
>
(0]
0
(b) 6 lfx: 3X4x
(1-x)log6 =log3+xlog4 Ml dMl1 Al
x(log4+1log6)=1log6—log3
6 ddM1 A1*
log| —
3 log?2
=>X= =>x=
log(4x6) log 24
O]
Alt Method: 6" =3x4" :%:3x4" Ml
:§=6"4X =2=24" dM1Al
log,, 2 ddM1A1*
= log,,2=xlog,,24=> B
log,, 24
&)
(7 marks)
(a)
B1 Correct shape and position. Should be increasing, always above the x axis and must be in both

quadrants 1 and 2. Be tolerant with the asymptote as long as it does not cross the axis or clearly bend
away (but don’t be concerned if there is a gap between curve and axis).

B1 Intercept at (0,3) Accept 3 or (3,0) marked on the axis, but (3,0) away from the graph is BO.

Their graph must have crossed the positive y axis to score this mark. Ignore any x intercepts

(b)

M1  Attempt to takes logs (any base, including 6) and attempts either the addition law or the power law

Eg. log6™ — (1-x)log6 or log3x4" —log3+log4" (Condone invisible brackets for Ms)
dM1 Takes logs of both sides and attempts both the addition law and the power law to achieve a linear

equation in x (can still be in any base at this stage)
Al A correct linear equation in x (any base).

ddM1 Attempts to make x the subject of the formula with no incorrect log work. Allow with just log, but any

other base must be changed to base 10 to allow this mark.

Al1*  Proceeds to the given answer showing a correct intermediate step with no incorrect working seen.

F 1
or example log (46)

x(log4+log6)=log6—log3= x=

Alt (b): M1: applies index law to 6!~ ie 6/6*

..~ xlog24=log2 = x=

log2
log24

dM1: rearranges to equation of form a* = b using correct power laws (ie p*q* =(pgq)*) Al: Correct equation

ddM1: solve equation of the form shown using logs

18
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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=...

, leadingtox=...

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

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

3. Completing the square

Solvingxz"'bx""czoz (xt2)Y +g+c, ¢q=#0, leadingtox=...

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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9(a) N

Correct shape from or passing through a point on positive vertical axis. May extend
to the left of the vertical axis and allow to pass into quadrant 4. There must be no M1
(obvious) turning points. Labels not required on axes and ignore any that are given.
Shape and position correct, accept 1 or k as intercept on the positive vertical axis
and allow to extend to the left of the vertical axis as shown. Condone
(1, 0) or (k, 0) as long as it is in the correct position. The curve should approach a
horizontal asymptote that is half-way between the horizontal axis and the intercept Al
or below. Be tolerant with “wobbles” as it approaches the asymptote. May just
“touch” the horizontal axis but not go below it. Labels not required on axes and
ignore any that are given.
(@)
(b) %k — KA5700 — 45700 =% (see notes for method via substitution) M1
1
1 5700
== (E) =0.999878 t0 6 d.p.* AL*
2
() When t = 3250, N =15x0.999878%% = .. M1
=awrt 10.1 (grams) Al
(&)
(d) 18 = 25x0.999878" Bl
log 18
0999878 =8 t- 25 __ M1
25 log 0.999878
t=2692.49... so item is 2700 years old Al
3
(9 marks)
Notes:
(@)
M1: See scheme.
Al: See scheme.
%A
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(b)

M1: Uses the information to set up a correct equation and rearranges to form 1% = bwhere aand b
1 . .
are constants. Allow A% = > to be written down directly.

Al1*: Evidence of taking fractional root seen, leading to the given answer. Alternatively, may see
—log2

—1092 _ ;105 —_ Look for at least one correct
5700

intermediate step (and no incorrect ones). Allow greater accuracy e.g. 0.9998784026...
Note that the use of 5699 instead of 5700 scores M1AO

logs used, 57001log A = Iog% =logAd =

Alt:
M1: Substitutes values 0.9998775 and 0.9998785 or a tighter range containing the root (e.g.

0.999878 and 0.9998785 will do) to calculate N or just A' att=5700.
Al1*: Correct values, with suitable conclusion that as half value occurs between these A =0.999878

to 6 d.p.
(©

M1: Substitutes given values (or more accurate 1) into the equation and evaluates. Implied by a
correct answer, but an incorrect answer with no evidence is MO. Allow 3249 for 3250.
Condone the use of a less accurate 1 e.g. 0.9999 if the intention is clear.

Al: Awrt 10.1. Units not required. Answer only can score both marks.

(d)

B1: Sets up the correct equation from the information given. It must be clear they are using the
given A or better accuracy so clear use of e.g. 0.9999 scores B0 but allow the M1 below.

This may be implied if they write e.g. 18 = 25x A" and then go on to use the given value of .
Allow this mark if a different letter is used for t as long as the equation is correct.
M1: Solves an equation of the form a=bA' for t to obtain a value

Must be correct log work so look for e.g. a =bi! = % =A'=t=log, %

a a Iog%
Oreg. a=bl'=>=-=A"=t=log—=logA' =tlogl =>t=—=2
b b logA

Allow a mis-copied A or a less accurate A for this mark.
Al: Correct answer of 2700 (not awrt). Accept “27 hundred” or even “2692.49... so 27”

1
FYI use of A =2 57% gives 2701.4 years.
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Number Scheme Marke
1 f(x) =ax® +3x° —8x+2
Sets f(2)=3—8a+12-16+2=3 M1
:>8a=5:>a=g M1AL
(3)
(3 marks)

M1:  Attempts to set f(2) =3. The values embedded and the expression set equal to 3 is sufficient. May be

implied by further work. If 2 embedded in the expression is not seen, condone slips in their evaluation
provided there is still evidence that the intention was to substitute in 2.

May also be seen as (f (2)-3 =) a(2)®+3(2)* -8(2)-1=0

M1: Solves a linear equation in a arising from setting f(+2) =+3. Condone slips in their rearrangement
proceeding to a=... (May be implied by further work).

Al: a :g or exact equivalent
Answers of a :g may appear with very little or no working, possibly via trial and improvement. If so, then
marks can only be allocated if evidence is shown.

e.g. f(x):%xx3+3x2—8x+23 f(2) =5+3(2)° —=8(2) + 2 =3 = dividing by (x—2) gives a remainder of 3

More difficult alternative methods may be seen:
Alt I: e.g. algebraic division (note they may also divide ax®+3x” —8x—1 by (x—2) and set the remainder

equal to 0)
ax® + (3+2a)x + (-2 +4a)
x—2)ax3 +3x? -8x 42
ax’*  —2ax’
(3+2a)x? —8x
(3+2a)x* + (-6 —4a)x
(-2+4a)x  +2

(-2+4a)x +4-8a

—2+8a3—2+8a=3:>a:g

M1: Divides the cubic by (x—2), leading to a quadratic quotient where both the coefficient of x and the
constant term are in terms of a. They should then have a linear remainder in a which is then set equal to 3

M1:  Solves an equation resulting from setting a linear remainder in a equal to £3. It is dependent on the first
method mark via this route.

Al: Completely correct with a= g
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MARK SCHEME - IAL P2 (WMA12) - June 2024 - Q6 P2.3b Exponential equations < QUESTION

Question Scheme Marks
Number
6.(a) y
Shape or asymptote | M1
Intercept | B1
(0.3) y=4 Fully correct | A1
| ______.
O v
©)
h=03 | Bl
Area = 0—é3{0+4.3137+2><(0.3246+0.8629 +1.6643+2.7896)} M1
=awrt 2.34 Al
@)
35 . 35 . 5 35
© (i) j (2 +2x)dx:j (2 —2x+4x)dx:2.34+[2x} M1
2 2 2
=2.34+16.5=18.84 Alft
35 N 35
(ii) I (2 —4x)dx=J. 2(2 —2x)dx=2x2.34=4.68 B ft
2 2
@)
(9 marks)

(@)

M1:  For either the correct shape, an increasing curve in any position in quadrants 1 and 2
or for the correct asymptote (labelled in some way at height 4) but must have a curve
approaching as an asymptote, not just the line drawn. Be tolerant on “pen slips” approaching
the asymptote.

B1:  Correct intercept (touching or crossing). Accept 5 on axis, or stated as (0,5). Condone (5,0)
on the graph if it is in the right place.

Al:  Fully correct. Shape in quadrants 1 and 2 only with the y intercept at 5 and asymptote of
y = 4 clearly drawn on the graph and labelled or stated separately. Be tolerant on “pen slips”
approaching the asymptote. If there is conflicting information, what is on the graph takes
precedence.

(b)

B1l: For h=0.3 Thisisimplied by sight of % in front of the bracket.

M1:  Applies the trapezium rule with correct bracket condoning slips in copying (or even
truncating) values. May use separate trapezia. Allow a missing final bracket, but otherwise
bracketing must be correct or recovered by correct answer.

Al: awrt 2.34 Note that the calculator answer for this integral is 2.30
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< QUESTION

(© (@)
35 . 35 . ) 35
M1:  For realising that J (2 +2x)dx:j (2 —2x+4x)dx:2.34+[kx} The 4x should

2 2 2
be seen with an attempt to integrate (increase in power) made (though may be implied).

Could also use answer to (b) and add the area under the trapezium %(4x 2+4x35) - may

be implied by correct answer after seeing the integral correctly split.
35

Another alternative is to isolate the J. 2dx = [x2 ]25 +"2.34" and use this to find a value
2
for the integral required.
Alft: "2.34"+16.5=18.84 but follow through on their 2.34 and allow awrt to 3s.f..
There must be a suitable method for this mark to be awarded.
Answer via repeated trapezium rule scores MOAO
(c)(in)
B1 ft: For 2xtheir "2.34"=4.68 ((awrt to 3s.f.) must be evaluated). Follow through on their
answer to (b).
Note: Answer via repeated trapezium rule is permitted to score the B1 as long the answer is twice
their (b).

Some examples of graphs for (a):

3 BoeEs baame
e i TS
= Nwa.

MOBZ1AO Not in quadrant 2, but does have correct intercept.

uestion 6 continued

M1B1A0 Does not approach asymptote

N
\ e, 5)

._-‘Emj:*

M1B1AO0 Correct asymptote and intercept ~ M1B1AO0 asymptote not drawn.
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