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Differentiation As level Edexcel Maths Past Papers Answers

01.
Question Scheme Marks | AOs
O Altempt o differentiate M1 l.1a
d—y=4_r-]2 Al 1.1b
dx
Substitutes x=35 :>d—y=_._ M1 1.1b
dx
d
-3 Alft | Llb
dx
{4 marks)
Notes
M1 : Differentiation implied by one correct term
Al : Correct differentiation
MI1 : Altempts to substitule x = 5 into their derived function
Alft: Substitutes x = 5 into their derived lunction correctly i.e. Correct calculation of their £°(5)
so follow through slips in differentiation




02.
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Question Scheme Marks | AOs
1 2 g2
Considers w Bl | 21
Expands 3(x+h)" =3x" +6xh+ 30 M1 1.1b
s0 gradiem=@:6x+3h or Mx;ﬂ=ﬁx+35_r Al 1.1b
X
States as i — 0, gradient — 6x so in the limitderivative =6x* Al* 25
{4 marks)
Notes
Bl: gives correct fraction as in the scheme above or W
X
M1: Expands the bracket as above or 3(x+8x)" =3x" +6x8x+3(5x)’
Al: Substitutes correctly into earlier fraction and simplifies
Al*: Completes the proof, as above ( may use Sx —»0), considers the limit and slates a
conclusion with no errors
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03.
Question Scheme Marks AQOs
Lo | | ses 21y+%x_ =250 BI 2.1
ax’
_ 250~ e M1 L1b
Obtain y=2— and substitute into P
X
Use P =2x+2y+axwilh their y substituted M1 21
2
P2 0T e 20 X Al* | LIb
x x x 2
4)
(b) ?
250-=- ax’ M1 24
x >0 and y > 0 (distance) :>—22—:>0 or 25[}—?}00_3. ’
X

As x and y are distances they are positive so 0<x < ‘@ * Al* 32a
T

2)
() Differentiates P with negative index correct in % o x” M1 34
dr 250 =«
= = + = Al 1.1b
dx x 2
d!:l
Sets o 0 and proceeds to x= M1 1.1b
Substitutes their x into P=2x+2i;)+% to give Al 11b
perimeter = 59.8m.
4y |
(10 marks)

Notes
(a} Bl : Cormrect area equation
M1 : Rearranges their area equation to make y the subject of the formula and attempt to use with an
expression for P
M1 : Use comrect equation for perimeter with their y substituted
Al*: Completely correct solution to obtain and state printed answer
(b) M1 : States x >0 and y > 0 and uses their expression from (a) to form inequality
Al*: Explains that x and y are positive because they are distances, and uses cormect expression for y to
give the printed answer correctly.
(c) M1: Attempt to differentiate P (deals with negative power of x comrectly)
Al : Comrect differentiation
M1 : Sets derived function equal to zero and obtains x =

.. 500
Al: The value of x may not be seen (it is 8.37 to 3sfor ‘E — )
4+

Need to see awrt 59 8m with units included for the perimeter.
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Question Scheme Marks | AOs
(i) 1500 2v dC 1500 2 M1 3 1h
C= I re> = =
y YT e T T 2T Al 1.1b
Sets 3€ _ 0= 12 = 8250 M1 1.1b
dv
= v =+{8250 = v=90.8 (kmh™) Al 1.1b
W) | For substituting their v=90.8in € =100 4 ]2—']’+ 60 M1 34
v
Minimum cost =awrt (£) 93 Alft 1.1b
(6)
(b) 2
Finds %=+30?D al v=90.8 M1 1.1
dv V
d’c .
e = (+0.004) > 0 hence minimum (cost) Al 24
v
(2)
() It would be impossible to drive at this speed over the whole B1 3.5b
journey )
1)
(9 marks)
Notes
(a)(@)

M1: Attempts to differentiate (deals with the powers of v correctly).

Look for an expression for %in the form i} +8
v

dC 1500 2
Al: [d_] BT
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.
d

M1: Sets d—f: 0 (which may be implied) and proceeds to an equation of the type v' =k k>0

Allow here equations of the type Ln =k k>0
V

Al: v=-f8250 or 5+/330 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=+~/8250

* Condone Z—Cappearing as %cr perhaps not appearing at all. Just look for the rhs.
v
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(a)(ii)
M1: For a correct method of finding C = from their solution to %—f— =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| 931
90 | 93.0
95 | 93.1

100 | 93.2
105 | 93.4
110 | 93.6

(b)
. d’C _ _dC _ :
M1: Finds d_z (following through on their d—whmh must be of equivalent difficulty) and
v v

attemnpls to find 1ts value / sign at their v
2

Allow a substitution of their answer to (a) (1) in their (:I—E
v

2
Allow an explanation into the sign of i—fl‘mm its terms (as v > 0)
v

d’C - d? 3000
—- =-+0.004 > 0 hence minimum (cost). Aliernatively —E =t——> Oasv=0
dv” dv v
Requires a correct calculation or expression, a correct statetnent and a correct conclusion.
2

Alft:

Follow through on their v (v > 0) and their i—f
1

2 2
* Condone ﬂ—fappearing as {;xz—yor not appearing at all for the M1 but for the Al the correct
v

notation must be used (accept notation C” ).

(c)
B1: Gives a limitation of the given model, for example
« [t would be impossible to drive at this speed over the whole journey
s 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” ete

WWW LONDONMATHSTUTORS.CO.UK



05.

WWW LONDONMATHSTUTORS.CO.UK.

Question Scheme Marks AOs
|i| (2(-2))=4x-8-12x4-15x-2+50 MI 1.1b
g(-2)=0= (x+2) is a factor Al 24

2)
()| 4 1207 ~15x+50 = (x+2) (42" ~20x+25) Ny e
=(x+2)(2x-5)" lfll HE

Q)
@ | x<-2, x=25 A | 1ib
(i) x=-1 x=125 Blfi 22a

3)
(9 marks)

Notes

(2)
M1: Atlempts g(-2) Some sight of { -2 ) embedded or caleulation is required.

So expect to see 4)((—2}3 —]2)((-2}2 —15%(=2)+50 embedded

Or =32-48+30+50 condoning slips for the M1

Any attemnpt to divide or factorise 15 MO. (See demand in question)
Al: g(-2)=0= (x+2) isa factor.
Requires a correct statement and conclusion. Both "g(-2)=0"and " (x+2} is a factor" must be
seen in the solution. This may be seen in a preamble before finding g(-2)=0but in these cases
there must be a minimal statement ie QED, “proved”, tick etc.

(b)
M1: Attempis to divide g(x)by (x+2)May be seen and awarded from part (a)

If inspection is used expect to see 4x” =12x* =15x+50=(x+ 2}(4_;-2 ............ + 25)

If algebraic / long division 15 used expect to see 4x* +20x
x+2) 4x*—12x" ~15x+50

Al: Correct quadratic factor is {4::3 =20x+ 25) may be seen and awarded from part (a)
M1: Atiempis to factorise their (4x” —20x-+ 25 )usual rule (ax +b)(cx +d),ac =4, bd = 425

Al: (x+2)(2xr-5)20e seen on a single line. (x+ 2)(“2x+5)z is also correct.

Allow recovery for all marks for g(x)=(x+2)(x- 2.5}2 =(x+2)(2x —5}2
(e)(i)

M1: For identifying that the solution will be where the curve is on or below the axis. Award for
either x< =2 or x=2.5 Follow through on their g(x}=(x+ 2]{:17(+b]2 only where ab <0 (that

is a positive root). Condone x <—2 See SC below for g(x)= (x+2)(2x+5)2
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Alft: BOTH x< -2, x=25  Follow through on their —g of their g(.r}:(x—i-i!)(axd—b]z
May see {x< -2lJx=2.5} which is fine.

(c) (11)
B1ft: For deducing that the solutions of g(2x)= 0 will be where x=—1 and x =125

Condone the coordinates appearing (—1,0) and (1.25,0)
Follow through on their 1.25 of their g(x)=(x+2)(ax+b)’

SC: If a candidate reaches g(x)=(x+ 2){2x+5)2, clearly incorrect because of Figure 2, we will

award
In(i)MI1 AQ for x< 201 x< =2

In (ii) Bl for x=—1 and x=-125

Alt () | 4x% —1207 ~15x+50 = (x+2)(ax+5)’
—a'x +(2bﬂ +24a° ]x! +(B” +4dab)x +2b°

Compares terms to get either ¢ or b M1 I.1b

Either a=2 or b=-5 Al 1.1b

Multiplies out expression (x + 2] (ﬂx + 5}2 and compares to

4%° —12%2 —15%+50 M1

All terms must be compared or else expression must be
multiplied out and establishes that Al L1b

4x% —1202 =15+ 50 = (x +2)(2x - 5)’

(4)
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06, Question Scheme Marks | AOs
La] |y MI | LIb
(&)-o2 N
(3)
(b) Atlempls 6x-§ >0=>x> M1 1.1b
x>af4 or x=if4 Al 25
(2)
(5 marks)
Notes
(a)

M1: x" —» x"" for any correct index of x. Score for x* - xor x™' = x™
Allow for unprocessed indiees. x> =>x> oe

Al: Sight of either 6xor —% which may be un simplified.
X

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

Al Y622 ot exact simplified equivalent. Eg accept Y _ gt =245
dx x° dx
You do not need to see the g and you should isw after a correct simplified answer.
(b)
M1: Sets an allowable j—{{} and proceeds to x... via an allowable intermediate equation
dE‘Vmust be 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.
It may be implied by x=awrt1.59

L b

1
Al: x>34 or x2 34 ocesuchas x>4% or x22
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Question Scheme Marks | AOs
L] Attempts to differentiate x" — x™' seen once M1 1.1b
y=2x3—4x+5:>%=6x2—4 Al 1.1b
o ) . dy 2

For substituting x = 2 into their P bx —4 dm1 1.1b

For a correct method of finding a tangent at P(2,13).
WA ddM1 1.1b

Score for y=13="20"(x-2)
y=20x-27 Al 1.1b
(5)
{5 marks)

Notes

. - 3 2
M1: Attempts to differentiate x" — x""' seen once. Score for x — x or +d4x —>4or +5—>0

Al: (% :J 6x —4 which may be unsimplified 6x —4+C is AD

dM1: Substilutes x=2into their g—{ The first M must have been awarded.

Score for sight of embedded values, or sight of "%at x=2 15" or a correct follow through.

Note that 20 on its own 1s not enough as this can be done on a calculator,

ddM1:For a correct method of finding a tangent at P (2,13).Score for y-13 ="20“[x—2}
It i5 dependent upon both previous M's,

Il the form y = mx+¢ 15 used they must proceed as faras c= ...

Al:  Completely correct y=20x-27 (and in this form)
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08.
Question Scheme Marks AQs
Attempts to find the value of % at x=2 M1 l.1b
dy
é:ﬁx:} gradient of tangent at P15 12 Al L1b
(2)
(b) 3(2+h) -2-10
Gradient Pg = 2 2+%) Bl L1b
(2+h)-2
2 2
(2+h)-2 h
=12+3A Al 21
(3)
(c) Explains thatas #— 0, 12+3# — 12 and states that the gradient Bl 24
of the chord tends to the gradient of (the tangent to) the curve )
(1)

(6 marks)

Notes
(a)

M1: Attempts to differentiate, allow 3x* —2 — _x and substitutes x =2 into their answer

Al: cso %:61:} gradient of tangent at Pis 12

(b)

B1: Correct expression for the gradient of the chord seen or implied.

M1: Attempts 5_,1’ , condoning slips, and attempis to simplify the numerator. The denominator
X

must be ki
Al:cso 12+ 3h
(¢)

B1: Explains that as h — 0, 12+3/# — 12 and states that the gradient of the chord tends to the
gradient of the curve
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09' Question Scheme Marks AOs
5
Lo V:;rr?k=355:>h=3—§
ar
Bl 1.1b
[or rh =E or mrh =§]
ir Fr
C=0.04(zr +2mrh)+0.09(zr") M1 34
3 3 3355
C=0.1372r" +0.082rh =0.132r" +0.08xr| — dM1 2.1
Fid o
C=0137r% + 2844 Al* 1.1b
r
(4
() € _ ey 284 Ml | 34
dr r Al 1.1b
dCc ,_ 284 _
Fr =036n = M1 1.1b
r:3@:3_26_" Al 1.1b
d 137
(4)
(c) d*c 56.8 56.8
[d}'z 2] 0_26?T+r—3=0.26?r+w M1 1.1b
&c _ 245 0 ini
F = ( L ..)> Hence minimum (cost) Al 24
(2)
@ 2 284
C=0.137("326") +—_
z( T M1 34
(C=)13 Al | Llb
(2)
(12 marks)
Notes
(a)
Bl:  Correct expression for f or vht or zrh in terms of r. This may be implied by their later

MI1:

dM1:

substitution.

Scored for the sum of the three terms of the form 0.04..+2, 0.09..#? and 0.04x._#h

The 0.04x%.. rfimay be implied by eg 0.04%...r ><3—5§ il /r has already been replaced

ar

Substitutes & or rh or zrftinto their equation for C which must be of an allowable form
(see above) to oblain an equation connecting C and r.

It is dependent on a correct expression for i or v or zrh 1n terms of r




(b)

MI1:

Al:
MI1:

Al:

(©)

MI1:

Al*:  Achieves given answer with no errors. Allow Cost instead of C but they cannot just have
an expression.
As a minimum you must see
« the separate equation for volume
« the two costs for the top and bottom separate before combining
_— . 284
« asubstitution before seeing the —— term
r
2 b b 2 355
Eg 355=mr"h and C=0.047r" +0.097r" +0.04 % 27rk = 0.137r" +0.087 x| —
ar
Differentiates to obtain at least r~' = r2
Correct derivative.
Sets ‘:LI_C =0 and solves for r. There must have been some attempt at differentiation of the
equation for C (.r* = _ror .r" = __r ™) Do not be concerned with the mechanics of
their rearrangement and do not withhold this mark if their solution for r is negative
Correct value for r. Allow exact value or awrt 3.26
Finds —- at their (positive) r or considers the sign of —.
dr dr
B
This mark can be scored as long as their second derivative is of the form 4+ — where 4
F
and B are non zero
Al:  Requires
A d'C
. correct —
dr_
s Either
o deduces F > 0 for r > 0 (without evaluating). There must be some minitnal
explanation as to why it is positive.
o substitule their positive r into F without evaluating and deduces = >0forr
r
=0
o evaluale —— (which must be awrt 2.5) and deduces — >0forr>0
dr dr
(d)
MI1: Uses the model and their positive r found in (b) to find the minimum cost. Their r
embedded in the expression is sufficient. May be seen in (b) but must be used in (d).
Al:  (C=)13 ignore units
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10.
d 1
& 1,0 a0 4 Ml | Llb
dx Al 1.1b
@)
d 2
(b) Attempts to solve {Ey =}>2xL —-Tx-4...0
M1 1.1b
e.g., (2I+1}{I—4)=|] leading to x=... and x=...
Correct cntical values x=—§,4 Al l.1b
Chooses inside region for their critical values dm1 1.1b
Accept either -%c:x(dl or -%gxéd- Al 1.1b
(4)
| {6 marks)
| Notes:
(a)

M1: Decreases the power of x by one for at least one of their terms. Look for K.
Allow for 550

Al: {% =}2x2 —Tx—4

(b)

Mi1: Sets ther % .0 where ... may be an equality or an inequality and proceeds to find two
values for x from a 3T(Q) using the usual rules. This may be implied by their cnitical values.

Al: Correct crtical values x...— %,4

These may come directly from a calculator and might only be seen on a sketch.
dM1: Chooses the inside region for their entical values.

Al:  Accept erther —%{xﬂél or —%Qxédi but not, e.g., —%{xéﬂr

1
Condoene, e.g., x:-—%, x<4 or x:-—% and x <4 or {x:x}—‘i}ﬁ{xzxﬂi-‘-l}

or x E(—l,ﬁlj or x E[—l,4i|
2 2
Note: You may see x< —%,x <4 in therr initial work before —% < x < 4. Condone this so long as

.. 1 . )
1t 1s clear that the -3 < x < 4 15 therr final answer.
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