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Notes:
MI: For choosing cither the quotient, product rule or implicit differentiation and applying it to the given

function. Look for the correct form of :—’ (condone it being stated as %) but tolerate slips on the

) d(sin6) d(cos0)
coefficients and also condone ————= v =%cosf and ————— —a0 +sinf
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M1: Expands and uses sin@+cos’ =1 at least once in the numerator or the denominator OR uses
25infcos0=sin20 in Q%—

CsinOcos®
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&__ P
40 Q+Rsin20

M1: Expands and uses sin’ 6+ cos®

2sin@cos @ =sin 26 in the denominator to reach an expression of the form <2

3 tated but allow for example — 25—
1+5in26

Allow recovery from missing brackets. Condone notation slips. This is not a given answer

A1: Fully correct proof with 4
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" _s x" for any correct index of x. Score for x* > xor x”' —»x?

Allow for unprocessed indices. x* —x>" oc
AL: Sight of cither 6xor ~22 which may be un simplified.
¥

Condone an additional term e.g. + 2 for this mark
‘The indices now must have been processed

Al: zfsx—

g or exact simplified equivalent. Eg accept % =6x'—24x7
x

You do not need to see the % and you should isw after a correct simplified answer.

(b)

MLI: Sets an allowable %_o and proceeds to x... via an allowable intermediate equation

%muslb:in the form Ax+Bx” where 4,8%0

and the intermediate equation must be of the form x”..q oe
Do not be concerned by either the processing, an equality or a different inequality.
Tt may be implied by ¥=awrt 1.59

'
AlL: x> 34 or x> YA oesuchas x>4% or x> 2
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M
to see

o an attempt to differentiate with at least two correct terms
% = 0and then solve to find x. Don't be overly concerned by the

n overall problem -solving method mark to find the minimum point. To score this you need

© anattempt to set thei
‘mechanics of this solution

BI: [‘;_i :]ze ~34x+40 which may be unsimplified

&

-

or calculator. If a calculator is used to find the roots, they must be correct for their quadratic.

1f :%is correct allow them to just choose the root 4 for M1 Al Condone (x*‘l)[x*;]

MI: Sets their == =0, which must be a 3TQ in x, and attempts to solve via factorisation, formula

Al: Chooses x=4 This may be awarded from the upper limit in their integral

Bl: ]z{—nﬁmomx:[%x‘—gfﬂoﬁ} which may be unsimplified

MI: Correct attempt at area. There may be slips on the integration but expect two correct terms.
‘The upper limit used must be their larger solution of %’ -

So if their roots are 6 and 10, then they must use 10 and 0. If only one value is found then the limits
must be 0 to that value.

Expect to see embedded or calculated values.
Don't accept L'Zx‘ 172 +40de:? ‘without seeing the integration and the embedded or

calculated values

Al*: Area = ? with correct notation and no errors. Note that thi

and the lower limit used must be 0.

s a given answer.
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For correct notation expect to see
o d
| Ey or < -used corecly at least once. If 1 is used accept (<) Condone »*

. sz ~17x* +40x dv used correctly at least once with or without the limits.
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MI: Attempts to differentiate (deals with the powers of v correctly).

Look for an expression for “¢~in the form i +B
v
AL ( dC] 1500, 2

dv > STl

A number of students are solving part (a) numerically or graphically. Allow these students to pick
up the M1 Al here from part (b) when they attempt the second derivative.

MI: Sets % = 0(which may be implied) and proceeds to an equation of the type V' =k, k >0

Allow here equations of the type == &, k >0
v

Al: v=4/8250 or 5330 awrt 90.8(kmh™") . Don't be concerned by incorrect / lack of units.
As this is a speed withhold this mark for answers such as v =+4/8250
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dy

* Condone %appcaring as S or perhaps not appearing at all. Just look for the rhs.
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(a)(ii)
M1: For a correct method of finding C = from their solution to % =0.
Do not accept attempts using negative values of v.
Award if you see v=..,C =... where the v used is their solution to (a)(i). You do not need to
check this calculation.
Alft: Minimum cost = awrt (£) 93. Condone the omission of units
Follow through on sensible values of v. 60 <v <110

v C
60 | 95.9
65 | 94.9
70 | 94.2
75| 93.6
80| 933
85| 93.1
90 | 93.0
95| 93.1

100 | 93.2
105 | 93.4
110 | 93.6
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2

M1: Finds :—f (following through on their %which must be of equivalent difficulty) and
v

attempts to find its value / sign at their v
2

Allow a substitution of their answer t0 2) (i) i their
v

2,
Allow an explanation into the sign of :—E from its terms (as v>0)
[y
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2,

=+0.004 > O hence minimum (cos0). Altematively
v v

Requires a correct calculation or expression, a correct statement and a correct conclusion.

>
Follow through on their v (v > 0) and their :—f
B

3000
3

>0asv>0

()
BI: Gives a limitation of the given model, for example
o It would be impossible to drive at this speed over the whole journey
e The traffic would mean that you cannot drive at a constant speed
Any statement that implies that the speed could not be constant is acceptable. Do not
accept/ignore irrelevant statements such as "air resistance" etc
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10 Considers W Bl 2.1
Expands (x+h) =x° +3x*h+3xh* + 1 Ml 1.1b
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Note: On e pen this is set up as B1 M1 M1 Al. We are scoring it B1 M1 A1 A1

s -
BI: Gives the correct fraction for the gradient of the chord cither &) =% o %
x

+h)' —x°
It may also be awarded for % oe. It may be seen in an expanded form
x+h—x
It does not have to be linked to the gradient of the chord
MI: Attempts to expand (x+4) or (x+8x)° Look for two correct terms, most likely x +...+h"

This is independent of the Bl
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Al: Achieves gradient (of chord) is 3x” + 3xh+ A or exact un simplified equivalent such as
30"+ 2+ xh-+ I? . Again, there is no requirement to state that this expression is the gradient of

the chord
A1*: CSO. Requires correct algebra and making a link between the gradient of the chord and the
gradient of the curve. See below how the link can be made. The words "gradient of the chord” do

not need to be mentioned but derivative, £'(x), %, 3 should be. Condone invisible brackets for
the expansion of (x+/1)’ as long as it is only seen at the side as intermediate working.

Requires cither
(x+h) -x"

. )=

« Gradient of chord =3x* +3xh+ i* As h—>0 Gradient of chord tends to the gradient of
curve so derivative is 3x*

o f(x) = 3 e3xhen =3

3 4 3xh+h

Gradient of chord = 3x° +3xh+h when h— 0 gradient of eurve =3x
Do not allow =0 alone without limit being considered somerwhere:

so don’t accept h=0=> F'(x) =3x" +3xx0+0°=3x

(+h) =(x=h)' 63 421
s h MI: Asabove Al o

34
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MI: Attmpts to use @ coreetrule to differentiate Eg: Use of quotient (& chain) rules on =

(x+1)

Alternatively uses the product (and chain) rules on y = (Sx° +10x)(x +1) *

) (A B OCD)

(1)
(x+1)° x(Ar+ B)~(5° +10x)x(Cr+ D)

(1))

(Ax+B)+(5x° +10x)xC(x+1) " (4,B,C #0)using the product ule.

PRT——

(4.B,C.D>0) using the quotient rue

= (x+

‘Condone missing brackets and slips for the M mark. For instance f they quote 4= 55" +10, v=(x+1°
‘and don't make the differentiation caser, they can be awarded this mark for applying the correctrule.
Also allow where they quote the correct ormala, give values of u and v, but only have v rather than 1* the
denominator.
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AL: A correct (unsimplified) answer
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Notes

@

T M1 for a three term cubic in the form £ ax £ A’ 72
Note that an un-combined + ax £ ¥ £ ux’ £ 7', @, 2, 4y # 0 is fine for the 1 M1
1% Al for either 100x - 40x* + 4x’ or 100x - 20x* - 20x" +4x’ .

2% M for any two of their expanded terms differentiated correctly. NB: If expanded
expression is divided by a constant, then the 2™ M1 can be awarded for at least two terms are

correct.
Note for un-combined 4x" + six’, £2/x £ 2ux counts as one term differentiated correctly.

2" Al for 100 - 80x + 122, cao.
Note: See appendix for those candidates who apply the product rule of differentiation.
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