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Questions
Question T9_Q1

4. 'The curve with equation y = 2In(8 — x) meets the line y = x at a single point, x = @

(a) Show that 3 < a < 4

(2)
B7 3
y=x
e
y=2In(8 — x)
>
\ x
Figure 2
Figure 2 shows the graph of y = 2In(8 — x) and the graph of y = x.
A student uses the iteration formula
x =2In(8—-x) neN
in an attempt to find an approximation for a.
Using the graph and starting with x = 4
(b) determine whether or not this iteration formula can be used to find an approximation
for a, justifying vour answer.
(2)




Question T9 Q2

5. The equation 2x* +x* — 1 = ( has exactly one real root.
(a) Show that, for this equation, the Newton-Raphson formula can be written

4x* +x2 +1
_ n n

X =
" 6x> + 2x

(3)

Using the formula given in part (a) with x, =1

(b) find the values of x, and x,
(2)

(¢) Explain why, for this question, the Newton-Raphson method cannot be

used with x, =0

(D




Question T9 Q3

2. The speed of a small jet aircratt was measured every 5 seconds, starting from the time it
turned onto a runway, until the time when it left the ground.

The results are given in the table below with the time in seconds and the speed in ms™.

Time (s) 0 k) 10 15 20 25

Speed (ms™) 2 5 10 18 28 42

Using all of this information,

(a) estimate the length of runway used by the jet to take off.
(3)

Given that the jet accelerated smoothly in these 25 seconds,

(b) explain whether your answer to part (a) is an underestimate or an overestimate of the
length of runway used by the jet to take off.
(1)




Question T9 Q4

11.

=V

Figure 8

Figure 8 shows a sketch of the curve C with equation y =x*, x > 0
(a) Find, by firstly taking logarithms, the x coordinate of the turning point of C.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

(5)
The point P(a, 2) lies on C.
(b) Show that 1.5 <a < 1.6

(2)
A possible iteration formula that could be used in an attempt to find « is

x ;= 2o

Using this formula with x = 1.5
(¢) find x, to 3 decimal places,

(2)
(d) describe the long-term behaviour of x_

(2)




Question T9_Q5

1 The table below shows corresponding values of x and y for y = I j_c
X
The values of y are given to 4 significant figures.
X 0.5 1 1.5 2 2.5

y | 05774 0.7071 0.7746 0.8165 0.8452

(a) Use the trapezium rule, with all the values of y in the table, to find an estimate for

25 —
1+ x
0.5

giving your answer to 3 significant figures.

3
2.5 9
(b) Using your answer to part (a), deduce an estimate for J‘ 7 +x dx
. x
(1)
Given that
25
Ox .
dx = 4.535 to 4 significant figures
1+ x
0.3
(c) comment on the accuracy of your answer to part (b).
(1)




Question T9_Q6

7.
VA

Figure 1
Figure 1 shows a sketch of the curve C with equation

Ao . 3
— — n >
¥ 5 p—x X X

(a) Show that

dy 1297+ x - 16vx
dx 4x\/;

The point £, shown in Figure 1, is the minimum turning point on C.

(b) Show that the x coordinate of P is a solution of
2
4 x )
x = —_—— —
3 12

(c) Use the iteration formula

4 x | .
xnl[g— D ] with % =2

to find (i) the value of x, to 5 decimal places,

(i1) the x coordinate of P to 5 decimal places.

4

3

3)




Question T9 Q7
4. The curve with equation y = f(x) where
flx) =22+ In(2%° —dx +5)
has a single turning point at x = «
(a) Show that « is a solution of the equation

2% —dx*+7x—-2=0

4)
The iterative formula
1
X0 =y (2+4x?—2x7)
is used to find an approximate value for a.
Starting with x, = 0.3
(b) calculate, giving each answer to 4 decimal places,
(i) the value of x,
(11) the value of x,
(3)

Using a suitable interval and a suitable function that should be stated,

(¢) show that & is 0.341 to 3 decimal places.
(2)




Question T9_Q8

11.
VA

Figure 2
Figure 2 shows a sketch of part of the curve with equation
y= (lnx)2 x>0

The finite region R, shown shaded in Figure 2, is bounded by the curve, the line with
equation x = 2, the x-axis and the line with equation x = 4

The table below shows corresponding values of x and y, with the values of y given to 4
decimal places.

X 2 2.5 3 3.5 4
¥y 0.4805 0.8396 1.2069 1.5694 1.9218

(a) Use the trapezium rule, with all the values of y in the table, to obtain an estimate for
the area of R, giving your answer to 3 significant figures.

(3)
(b) Use algebraic integration to find the exact area of R, giving your answer in the form
y= a(an)2 + HIn2 +e
where a, b and ¢ are integers to be found.
(5)




Mark Scheme
Question T9_Q1

Question Scheme Marks AOs
4@ | Attempts f(3)= and f(4)= where f(x)==%(2In8-x)-x) M1 2.1
f(3)= (21n(5) = x) =(+)0.22and f(4)= (21n(4) —4) =-123
Al® 2.4
Change of sign and function continuous in interval [3, 4] = Root *
()]
(b) For annotating the graph by drawing a cobweb diagram starting at
x =4 Tt should have at least two spirals Ml a4
Deduces that the iteration formula can be used to find an approximation Al 22
for & because the cobweb spirals inwards for the cobweb diagram A
()]
(4 marks)
Notes:
(a)

M1: Attempts f(3)= and f(4)= where f(x)= i(211’1(8 -Xx)— x) or alternatively compares

2In5 to 3 and 2In4 to 4. This is not routine and cannot be scored by substituting 3 and 4 in
both functions

Al: Both values (calculations) correct to at least 1 sf with correct explanation and conclusion. (See
underlined statements)

When comparing terms, allow reasons to be 2/n8=3.21=3, 2In4=2.77 < 4 or similar

(b)

M1: For an attempt at using a cobweb diagram. Look for 5 or more correct straight lines. It may not start
at 4 but it must show an understanding of the method. If there is no graph then it is M0 A0

Al: For a correct attempt starting at 4 and deducing that the iteration can be used as the iterations
converge to the root. You must statement that it can be used with a suitable reason. Suitable reasons
could be " it spirals inwards", it gets closer to the root", it converges "




Question T9_Q2

Question Scheme Marks | AOs

The equation 2x” + x* —1=0 has exactly one real root

(a) {f(x): P —1:>} £(x) = 65 + 2x Bl 1.1b
f(x) 26’ +x7 -1
{xrﬁrl_xnf’(xn) 3} {xHJFl}_xni 6xn2+2xn M]. ]..].b
X, (6xn2 +2x )— (2xn3 + xn2 -1 N 4xn3 + xn2 +1 - Al 21
= X = =ttt .
6x° +2x i 6x° +2x
3
A+ (1) +1 21’ +(1)* -1
(b) {xlzlj}xzz()j# or xzzlf% M1 1.1b
6(1)" + 2(1) 6(D)" +2(1)
3 2
= B, W Al 1.1b
2T BT
2)
(©) Accept any reasons why the Newton-Raphson method cannot be used
with x =0 which refer or allude to either the stationary point or the
tangent. E.g.
e There is a stationary point at x=0 Bl 23
e Tangent to the curve (or y=2x" + x* —1) would not meet the x-axis
e Tangent to the curve (or y=2x" + x* —1)is horizontal
)
(6 marks)
Notes for Question 5
(@)
B1: States that '(x)=6x" + 2x or states that f'(x )=6x" + 2x, (Condone % = 6x" + 2x)
. 3 2 Y . f(x,)
Mi: Substitutes f(x,)=2x"+x°—1 and their f'(x ) into x , =x — m
x?’I
Al*: A correct intermediate step of making a common denominator which leads to the given answer
Note: | Allow BLif £'(x)=6x" + 2x is applied as '(x,) (or £'(x)) in the NR formula {x  }=x — %
x?’I
Note: | Allow M1Al for
270+ -1 x(6x +2x)— (25° + x* =) 4x’ +x’+1
LTS O 2 = 7 X & 2
6x" +2x 6x" +2x 6x°+2x
2
Note Condone x=x — w for M1
"6x” + 2x"
2x’+x%-1 2% + ¥t =1
Note Condone x - ——4+—-22—— or x — ————— (i.€. NO =..) Tor M1
o t "6)an off 2xn " u6x2 L 25" ( xn+1 )
_ f(x.) ; . 2x3+x%-1
Note: | Give MO for x, , =x ——"= followedby x = 2x°+x°~ -1 - ———"—
f'(x,) i o 6x ~ +2x
Note: Correct notation, i.e. x and x must be seen in their final answer for A1*




Notes for Question 5 Continued

(V)]
3 2
M1: An attempt to use the given or their formula once. Can be implied by w or 0.75 o.e.
6(1)" + 2(1)
Note: Allow one slip in substituting x, =1
3 2

Al: =— and x; = —

BTy STy
Note: Condone X, :% and x; = awrt 0.667 for Al

32 .. . . . .

Note: Condone Z, g listed in a correct order ignoring subscripts
(©)
B1: See scheme
Note: | Give BO for the following isolated reasons: e.g.

¢  You cannot divide by 0

e The fraction (or the NR formula) is undefined at x=0
o Atx=0,f'(x)=0

e X cannot be0

e 6x” +2xcannot be 0
e the denominator is 0 which cannot happen
e ifx =0, 6x*+2x=0




Question T9_ Q3

Question

Scheme

Marks

AOs

Time (s) 0 5 10 15 20 25

Speed (ms™) 2 3 10 18 28 42

(@)

Uses an allowable method to estimate the area under the curve. E.g.

Way 1: an attempt at the trapezium rule (see below)

Way 2: {s— }[2+ 42)(25) =550}

Way 3: 42=2+25(a) = a=1.6 = s = 2(25) +(0.5)1.6X25)* {= 550}

Way 4: {d = }2X5)+ 5(5)+10(5)+18(5)+ 28(5) {=63(5) =315}

Way 5: {d=}5(5)+10(5)+18(5)+ 28(5)+42(5) {=103(5) =515}

Way 6: {d:}@ {= 415}

Way 7:

2+5+10+18+28+42
{d}[ .

](25) {= 437.5}

M1

3.1a

%x(5)><[2+ 2(5+10+18+28)+42] or %x[ "315"+ 515"

M1

1.1b

— 415 {m}

Al

1.1b

(€)

(b)
Alt1

Uses a Way 1, Wav 2, Wav 3, Way 5, Wav 6 or Way 7 method in (a)

Overestimate and a relevant explanation e.g.
¢ {top of} trapezia lie above the curve
¢ Area of trapezia > area under curve
e An appropriate diagram which gives reference to the extra area
¢ Curve is convex
d2
" g
¢ Acceleration is {continually} increasing
o The gradient of the curve is {continually} increasing
o All the rectangles are above the curve (Way 5)

B1ft

24

(0]

(b)
Alt 2

Uses a Way 4 method in (a)

Underestimate and a relevant explanation e.g.
o All the rectangles are below the curve

Blft

24

(D

(4 marks)

Notes for Question 2

(2)

Mi: A low-level problem-solving mark for using an allowable method to estimate the area under the
curve. E.g.

Way 1:

See scheme. Allow A(2+2(53+10+18+28)+42); A >0 for 1 M1

Way 2:

+v

Uses s :(%}r which is equivalent to finding the area of a large trapezium

Way 3: Complete method using a uniform acceleration equation.

Way 4:

Sums rectangles lying below the curve. Condone a slip on one of the speeds.

Way 3

Sums rectangles lying above the curve. Condone a slip on one of the speeds.

Way 6: Average the result of Way 3 and Way 4. Equivalent to Way 1.

Way 7: Applies (average speed) x (time)




Notes for Question 2 Continued

(a) continued
M1: Correct trapezium rule method with 2 =35. Condone a slip on one of the speeds.
The ‘27 and *42’° should be in the correct place in the |[......].
Al: 415
Note: Units do not have to be stated
Note: Give final A0 for giving a final answer with incorrect units.
e.g. give final A0 for 415 km or 415ms™
Note: Only the 1* M1 can only be scored for Way 2, Way 3, Way 4, Way 5 and Way 7 methods
Note: Full marks in part (a) can only be scored by using a Way 1 or a Way 6 method.
Note: Give MO MO AO for {d =} 2(5)+ 5(5)+10(5)+18(5) + 28(5) + 42(5) {= 105(5) = 525}
(i.e. using too many rectangles)
2+10 10+18 18+ 28 28+42
Note | Condone M1 MO A0 for [(J;)(w) s (;)(5) & (+2)(5) + (;)(5)} — 395m
Note: | Give M1 M1 Al for 5{(% ), 0 +210) # (10;’ 18, (18;28) C.A 42)} = 415m
Note: Give M1 M1 Al for %(2+ 42)+5(53+10+18+28)=415m
Note: Bracketing mistake:
Unless the final calculated answer implies that the method has been applied correctly
give M1 MO AO for %(2) +2(5+10+18+28)+42 {=169}
give M1 MO AO for %(2+ 42)+ 2(5+10+18+28) =232}
Note: Give M0 MO A0 for a Simpson’s Rule Method
(b) Alt 1
Bift: This mark depends on both an answer to part (a) being obtained and the first M in part (a)
See scheme
Note: Allow the explanation “curve concaves upwards™
Note: Do not allow explanations such as “curve is concave” or “curve concaves downwards”
Note: Do not allow explanation “‘gradient of the curve is positive™
Note: Do not allow explanations which refer to “friction” or “air resistance”
The diagram opposite is sufficient as an
Note: explanation. It must show the top of a
trapezium lying above the curve.
(b) Alt 2
Bift: This mark depends on both an answer to part (a) being obtained and the first M in part (a)
See scheme
Note: Do not allow explanations which refer to “friction” or “air-resistance”




Question T9 Q4

Question Scheme Marks | AOs
11 (a) {y=x" =} mhy=xlnx Bl l.1a
Way 1
¥ ldy 14 Inx M1 1.1b
ydx Al 2.1
dy X
3203 —+lnx=0 or l+lnx=0 > lhx=k=x=.. M1 1.1b
¥
x=e¢7 or awrt 0.368 Al 1.1b
Note: £ =0 (5
(a) {y=x"=} y=e"™ B1 1.1a
Way 2
y dy Xy o M1 1.1b
dy \x Al 2.1
dy x
a:OD —+Inx=0 or 1+lnx=0 > Inx=k >x=.. M1 1.1b
X
x=e¢" or awrt 0.368 Al 1.1b
Note: =0 (5
(b) Attempts both 1.5 =1.8... and 1.6'"° =2.1... and at least one result is
M1 1.1b
Way 1 correct to awrt 1 dp
18...<2 and 2.1...>2 and as C 1s continuous then 1.5<a <1.6 Al 2.1
2
(©) Attempts x , =2x '™ at least once with x, =1.5 1 1
Can be implied by 2(1.5)"™"* or awrt 1.63 '
{x,=1.67313...=} x, =1.673 (3dp) cao Al 1.1b
2
(d) Give 1* B1 for any of Give B1 B1 for any of
e oscillates ¢ periodic {sequence} with period 2 B1 2.5
¢ periodic ¢ oscillates between 1 and 2
e non-convergent Condone B1 B1 for any of
o divergent ¢ fluctuates between 1 and 2
e fluctuates e keep getting 1, 2 B1 25
e goes up and down e alternates between 1 and 2 '
e 1.2,1,2,1,2 e goes up and down between 1 and 2
e alternates (condone) o 1.2, 1,2, 1,2, ...
2
(11 marks)
Note A common solution
A maximum of 3 marks (i.c. B1 1* M1 and 2™ M1) can be given for the solution
logy=xlogx = 18 =l+logx
dx
{QO :>} l+logx =0 = x=107"
dx
e 1* Bl for log y=xlogx
” 1dy ¥
o I"Mlforlogy > A——; A0 or xlogx —>1+logx or —+logx
vdx X
e 2"MI can be given for 1 +logx =0 —>logx=k > x=.... k=0




Question Scheme Marks | AOs
11 (b) For x* —2, attempts both 1.5° —2=-0.16... and 1.6"° —2=0.12... Sl L 1B
Way 2 and at least one result is correct to awrt 1 dp '

—0.16...<0 and 0.12... >0 and as C is continuous then 1.5<a <1.6 Al 2.1
2)
11 (b) For In y=xlInx, attempts both 1.5In1.5=0.608... and A 116
Way 3 1.6In1.6=0.752... and at least one result is correct to awrt 1 dp '
0.608... < 0.69... and 0.752...>0.69... and Al 21
as (7 is continuous then 1.5<a <1.6 '
2)
11 (b) For log y=xlogx, attempts both 1.5l0og1.5=0.264... and il 11
Way 4 1.61log1.6 =0.326... and at least one result is correct to awrt 2 dp ’
0.264...<0.301... and 0.326...>0.301... and Al 21
as (7 is continuous then 1.5<a <1.6 '
2)
Notes for Question 11
(a) Way 1
B1: In y=xInx. Condone log y=xlog_x orlog y=x
) 1dy X
Mi: Foreither hy > ——= or xlnx —>1+khx or —+Inx
ydx o
Al: Correct differentiated equation.
. 1d 1d
ie. —_1\nxor e _Bloras or Q:y(].‘l* Inx) or d—y:xx(lJr]nx)
ydx ydr x dy dx

M1: Sets 1+ Inx=0 and rearranges to make Inx =k —> x=...; kis a constant and % = 0

Al: x=e' or awrt 0.368 only (with no other solutions for x)

Note: Give no marks for no working leading to 0.368

Note: Give MO A0 MO A0 for In y=xInx — x=0.368 with no intermediate working

(a) Way 2

Bl: y — exlnx

M1: For cither y =™ = %: f(lnx)e™* or xlnx—>1+Inx or ilnx

X

Al: Correct differentiated equation.

: d
ie. Zo[Zimxle™ or Q:(lﬂnx)e’““ or Q:xx(lﬂnx)
dr \x dx dx

M1: Sets 1+1Inx =0 and rearranges to make Inx =k — x=...; kis a constant and & = 0

Al: x=e¢" or awrt 0.368 only (with no other solutions for x)

Note: Give B1 M1 A0 M1 Al for the following solution:

fy=x"=} hy=xlhx = %me =1+Inx=0 = x=¢' or awrt 0.368




Notes for Question 11 Continued

(b) Way 1

M1: Attempts both 1.5"° =1.8... and 1.6"° = 2.1... and at least one result is correct to awrt 1 dp

Al: Both 1.5"° =awrt 1.8...and 1.6'° =awrt 2.1..., reason (e.g. 1.8...<2 and 2.1...>2
or states C cuts through y = 2), C continuous and conclusion

(b) Way 2

M1: Attempts both 1.5"° —2=-0.16... and 1.6'® —2=0.12... and at least one result is correct
to awrt 1 dp

Al: Both 1.5° ~2=-0.16... and 1.6"° —2=0.12... correct to awrt 1 dp, reason (e.g. —0.16...<0
and 0.12... >0, sign change or states C cuts through y =0), C continucus and conclusion

(b) Way 3

Mi1: Attempts both 1.5In1.5=0.608... and 1.6In1.6=0.752... and at least one result is correct
to awrt 1 dp

Al: Both 1.5In1.5=0.608... and 1.6In1.6=0.752... correct to awrt 1 dp, reason
(e.g. 0.608...<0.69... and 0.752...>0.69... or states they are either side of In2),
C continuous and conclusion.

(b) Way 4

MI; Attempts both 1.5log1.5=0.264... and 1.6logl.6 =0.326... and at least one result is correct
to awrt 2 dp

Al: Both 1.510g1.5=0.264... and 1.6logl.6 =0.326... correct to awrt 2 dp, reason
(e.g. 0.264...<0.301... and 0.326...0.301... or states they are either side of log2 ),
C continuous and conclusion.

(©)

MI: An attempt to use the given or their formula once. Can be implied by 2(1.5)' " or awrt 1.63

Al: States x, =1.673 cao (to 3 dp)

Note: Give M1 Al for stating x, =1.673

Note: M1 can be implied by stating their final answer x, —awrt 1.673

Note: x, =1.63299..., x, =1.46626..., x, = 1.67313...

(d)

Bl1: see scheme

B1: see scheme

Note: Only marks of BIBO or B1B1 are possible in (d)

Note: Give B0 B0 for “Converges in a cob-web pattern” or “Converges up and downto o™




Question T9_Q5

Question Scheme Marks | AOs
1@ h=05 Bl | 1la
Am%{0.5774+0.8452+2(0.7071+0.7746+0.8165)} M1 L.1b
= awrt 1.50 Al 1.1b
For reference:
The integration on a calculator gives 1.511549071
The full accuracy for y values gives 1.504726147
The accuracy from the table gives 1.50475
&)
(b) 3 x their (a)
If (a) 18 correct, allow awrt 4.50 or awrt 4.51 even with no working.
Only allow 4.5 if (a) is correct and working is shown c.g. 3 x 1.5
Bift 2.2a
If (a) is incorrect allow 3 x their (a) given to at lcast 3sf but do not be too
concerned about the accuracy (as they may use rounded or rounded value
from (a))
For reference the integration on a calculator gives 4.334647213
0]
(c) This mark depends on the B1 having been awarded in part (b) with
awrt 4.5
Look for a sensible comment. Some examples:
e The answer is accurate to 2 sf or one decimal place
e Answer to (b) is accurate as 4.535 = 4.50
e Very accurate as 4.335 to 2 sfis 4.5
e 451425 < 4.535 so my answer is underestimate but not too far off
e It is an underestimate but quite close
¢ Itis avery good cstimate
e High accuracy
¢ (Quite) accurate
e Itis less than 1% out
o 4.535-4.5=0.035 so not far out Bl | 3.2
But not just “it is an underestimate™
or
Calculates percentage error correctly using awrt 4.50 or awrt 4.51 or 4.5
(No comment is necessary in these cases although one may be given)
Examples:
4.535-4.50 B oz, or 1935451 _ on 1o
‘—4.535 ‘XIOO—O.T?A) ‘—4.535 ‘xlOO—O.SSAm
4.535-451425 4.50
1o e - or =
1539 %100 =0.46% }m x100=299%
In these cases don’t be too concerned about accuracy e.g. allow 1sf.
This mark should be withheld if there are any contradictory
statements
&Y
(3 marks)




B1: States or uses /2 = 0.5. May be implied by %x {... below.

M1: Correct attempt at the trapezium rule.
Look for %h X {0.5774 +0.8452+2(0.7071+0.7746 +0.81 65)} condoning slips on the terms but must use all y values
with no repeats.

1
There must be a clear attempt at Eh x(first y + last y + 2X"sum of the rest")

Give MO for lxlo_5774+ 0.8452 + 2(0_7071+ 0.7746 + 0.8165) unless the missing brackets are implied.
2 2

NB this incorrect method gives 5.85...
May be awarded for separate trapezia e.g.

i(o.s774+ 0.7071)+ %(0.7071 +0.7746) + %(0.7746 +0.8165)+ i(0.8165 +0.8452)

May be awarded for using the function e.g. lhx ﬂ 05 T ﬂ 23 42 ’LJF ’ L3 n }i
2 1+05 Y1+25 1+1 Y1+1.5 Y1+2

Al: Awrt 1.50 (Apply isw if necessary)
Correct answers with no working — send to review

(b)

B1ft: See main scheme. Must be considering 3 x (a) and not e.g. attempting trapezium rule again.

(©)

B1: See scheme




Question T9_Q6

7 1
® Inx— — Bl 1.1a
x
. o 4x+x
Method to differentiate —=—— see notes M1 1.1b
2Jx
3 1 1 L
E.g. 2x—=xt 4 —=x—x ? Al 1.1b
2 2 2
dy 1 4 123 +x—-16/x &
4fx x dxfx
4
(b) 125° +x—164x =0 =122 +x1 =16 =0 M1 1.1b
3
E.g. 12x5:167\/; dM1 1.1b
2
3 3
x2=i—£:>x: 4 Ax)s Al* 2.1
3 12 3 12
3
(©) 2
xz;[iﬂj M1 1.1b
3 12
xz = awrt 1.13894 Al 1.1b
x=1.15650 Al 22a
3)
(10 marks)
Notes:
(@)
B1: Differentiates Inx — 1 seen or implied
X
2
M1: Correct method to differentiate 4x +x :
24x
4+ x o2 B -1
Look for J_ —>..x% +...x? being then differentiated to Px? + .. or .. +Qx ?
X
2
Alternatively uses the quotient rule on 4 tx i
24/x
1
2Jx (Ax+B)—(4x* +x)Cx 2
Condone slips but if rule is not quoted expect [d_y] — \/;( * ) ( Zx x) ~ (A’B, C > 0)
dx (2v/x)
vu' — '

Al: Correct differentiation of

But a correct rule may be implied by their #, v, u', v' followed by applying ————etc.
v
Alternatively uses the product rule on (4x2 + x) (2\/; )71
1 3
Condone slips but expect (%) =Ax > (Bx+C)+ D(4x2 + x)x >(4.B,C >0)

In general condone missing brackets for the M mark. If they quote & = 44 + x and v =2+/x and don’t

make the differentiation easier, they can be awarded this mark for applying the correct rule. Also allow

this mark if they quote the correct quotient rule but only have v rather than +* in the denominator.

45" + x
2/

although may not be simplified.




1
2dx (8x+1)—(4x* 2 Bt 3 x 1
Examples: (ﬂ]: J;( *+1) ( - +x)x > lx 2(8x+1)*l(4x2+x)x e 2x§x2+lxlx 2
2 4 2 2 2

) TR

. Obtains & _ 1 2x% +x —164x gy W +—— — or a correct application of the quotient or product rule
dx Ax~Ix tWr x

and with sufficient working shown to reach the printed answer.

There must be no errors e.o. missing brackets.

(b)
MI: Sets 12x + x—164/x = 0 and divides by /x or equivalent e.g. divides by x and multiplies by v/x

3
dM1: Makes the term in x? the subject of the formula
Al*: A correct and rigorous argument leading to the given solution.

Alternative - working backwards:

2
ERN
_G%J = x2 _%%:uxz —16—x =125 =16/x —x = 125" —16/x + x =0

MI: For raising to power of 3/2 both sides. dM1: Multiplies through by v/x. Al: Achieves printed answer and makes a

minimal comment e.g. tick, #, QED, true etc.
(©)

or awrt 1.14

\/zf

M1: Attempts to use the iterative formula with x; = 2. This is implied by sight of x, = [%_E

Al: x = awrt 1.13894
Al: Deduces that x = 1.15650




Question T9 Q7

Question Scheme Marks AOs
4(a) f’(x) oyt 4x —4 M1 1.1b
2x* —4dx+5 Al 1.1b
dx—4 2
2x+m:032x(2x —4x+5)+4x—4:0 dM1 | 1.1b
2% —4xT +7x—-2=0% Al* 2.1
G2
b . 1
® 1 - :7(2+4(0.3)2—2(0.3)3) M1 | 1.1b
x, =0.3294 Al 1.1b
(i1) x, =0.3398 Al 1.1b
3
© h(x):2x374x2+7x72
M1 3.1
h(0.3415)=0.00366... h(0.3405)=—0.00130... &
States:
e there is a change of sign
' : . Al 2.4
o f (x) is continuous
e a=0341to3dp
2)
(9 marks)

Notes




(a)
M1: Differentiates 11r1(2x2 —4dx+ 5) to obtain Lx)where g(x) could be 1

2x" —4x+5
AL For £(x)=2x 1 -4
2x" —4x+5
dM1: Sets their f'(x) = ax+22Lj:)5 = (0 and uses "correct' algebra, condoning slips, to obtain a
xt—dx+

cubic equation. E.g Look for ax(2x2 —4x+ S)i g(x)=0 o.e., condoning slips, followed by some

attempt to simplify
Al*: Achieves 2x° —4x” +7x— 2 = 0 with no errors. (The dM 1 mark must have been awarded)
(b)(i)

MI: Attempts to use the iterative formula with x, = 03. If no method is shown award for x, =awrt 0.33

1153
Al: x, = awrt 0.3294 Note that

is correct
3500
Condone an incorrect suffix if it is clear that a correct value has been found
(b)(i1)
Al: x, = awrt 0.3398 Condone an incorrect suffix if'it 1s clear that a correct value has been found
(©)

M1: Attempts to substitute x = 0.3415 and x = 0.34035 into a suitable function and gets one value correct
(rounded or truncated to 1 sf). It is allowable to use a tighter interval that contains the root 0.340762654

Examples of suitable functions are 2x° —4x* + 7x—2, x_l(4x2 —2x° + 2) and £ '(x) as this has been
found in part (a) with £'(0.3405)= - 0.00067.., £'(0.3415)= (+) 0.0018

There must be sufficient evidence for the function, which would be for example, a statement such as
h(x)=2x"—4x*+ 7Tx- 2 or sight of embedded values that imply the function, not just a value or values

even if both are correct. Condone h(x)being mislabelled as

h(0.3415)= 2x 03415 = 4x0.3415* +7x0.3415-2

Al: Requires
¢ Dboth calculations correct (rounded or truncated to 1sf)
e astatement that there is a change in sign and that the function is continuous
e aminimal conclusion e.g. ¥, proven, a = 0.341, root




Question T9_Q8

Question Scheme Marks AOs
11(a) h=05 Bl 1.1b
Am%x%{0.4805+1.9218+2(0.8396+1.2069+1.5694)} M1 | Llb
=2.41 Al 1.1b
3)
(b) 2 B 2 2Inx M1 3.1a
I(lnx) dr=x(lnx) fjxx - dx Ad i i
:x(]nx)szJ‘]nx dx:x(]nx)sz(xlnxfjdx)
. . dM1 | 21
:x(lnx) 72_‘.lnx dx:x(]nx) —2xlnx+2x
4 2 2 i
L (lnx) dx—[x(lnx) -2xlnx+ 2x}2
= 4(In4) —2x4In4+2x4—(2(In2)’ ~2%2In 2+ 2x2) ddMm1 | 2.1
=4(2In2) -16lm2+8-2(In2) +4ln2-4
=14(In2) -12In2+4 Al | 11b
(5)
(8 marks)
Notes
(@)

B1: Correct strip width. May be implied by %x %{} or %x {...}

M1: Correct application of the trapezium rule.

Look for %x "h "{0.4805 +1.9218+2(0.8396 +1.2069 +1.5694)} condoning slips in the digits.

The bracketing must be correct but it is implied by awrt 2.41
Al:2.41 only. This is not awrt

(b)

M1: Attempts parts the correct way round to achieve ox(In x)2 - ﬁjln x dx o.e.

May be unsimplified (see scheme). Watch for candidates who know or learn j‘In xdy=xlnx—x

who may write I(]n x)2 dx= I(lnx)(]n x)dr=In x(xlnxfx)fj‘

Al: Correct expression which may be unsimplified

dM1: Attempts parts again to (only condone coefficient errors) to achieve a’x(]n Jc)2 - Pxlnxtyx oe.

shhx—x
x

ddM1: Applies the limits 4 and 2 to an expression of the form iax(hl Jc)2 * BxInx*yx, subtracts and

applies In4 = 2In 2 at least once. Both M's must have been awarded
Al: Correct answer

It is possible to do I(ln x)2 dx via a substitution x =Inx but it is verv similar.

M1 A1, dM1: juz e du = u? " fj2ue“ du, =u*e” —2ue* + 2¢*

ddM1: Applies appropriate limits and uses In 4 = 2In 2 at least once to an expression of the form

1’ e — Bue” + ye* Both M's must have been awarded




