Mark Scheme

Q1.
Question Scheme Marks AOs
(a) - 1
Deduces that 4 =+50 or b:E Bl 34
Deduces that 4 =450 and 5 =% Bl 34
Uses t=0H=1=a=.. Eg 1="50"sm(a)’=a=.. M1 34
""D
H= iﬁﬂsin[%rﬂ_]i] Al 33
LY _.'I
(4)
(h) E.g. the minmimum height above the ground of the passenger
on the original model was O m BI 150
or
Adding “d" means the passenger does not touch the ground.
(1)
(5 marks)
Notes:

(a) Note that BOB1 is not possible
B1: Uses the equation of the given model to deduce that 4 =350 or b= % 0.€e.
May be seen embedded within their equation.

Bl: Uses the equation of the given model to deduce that 4 =350 and b= % o.e.

May be seen embedded within their equation.
M1: Uses t=0 and H = 1 in the equation of the model to find a value fora .
Follow through on their value for 4. Allow for +1="50"sin(&)° = a =_. where a is in degrees

or radians.
: : - PF : : -
Note that in radians sin | 50 A 50 {0.0200...) which may appear incorrect but 1s in fact ok.
Also in degrees a value of e g. 1.14 (truncated) would indicate the method.
b g A
Al: Wntes down the correct full equation of the model: H = "i”fiﬂsmi EI+1.IDJ o.e.

Condone omission of degrees symbol and allow awrt 1.13 for a.
Allow if a correct equation 15 seen anywhere in their solution.

(b)

Bl: Gives a suitable explanation with no contradictory statements.
Condone “so that pod/capsule/seat/passenger/ferris wheel/it etc. will not hit/touch the ground”

Eesponses that focus on the starting point of the model are likely to score B0



Q2.

Question Scheme Marks AOs
(a) Attempts to use F]E =att+b
R M1 3.1b
with either f=2,h=2.6 or t=10,h=5.1
3 ; 2a+b=6.76
Correct equations Al 1.1b
10a+b=26.01
Solves simultaneously to find values for g and b dM1 1.1b
h' =241 +195 cao Al 33
(4)

(b) Shbstitites £ 20 Mol H = 24160 95 and Bhds H o

i M1 34
Or substitutes 7 =7 into their & =2.41¢+1.95 and finds ¢
Compares the model with the true values and concludes "good
model” with a minimal reason
E.g I Finds h=7.08 {ﬂl] and states that 1t 1s a good model as Al 3 54
7.08 (m) is close to 7 (m) -
E g Il Finds r =195 years and states that the model 1s accurate
as 19.5 ( vears) = 20 (years)

(2)
(6 marks)
Notes:
(a)

M1: For translating the problem into mathematics. Attempts to use the given equation o.e. with either of

the pieces of information to form one correct equation.

Award for unsimplified equations as well. such as 2_62 =2a+b or 26=~2a+h
Al: Two correct (and different) equations which may be unsimplified
dM1: Solves simultaneously to find values for a and b. It 1s dependent upon the previous M
Don't be too concerned with the process here as calculators may be used.
Score if values of @ and b are reached from a pair of simultaneous equations
Al: Establishes the full egquation of the model with values of a and b given to exactly 3sf Award if
seen 1n etther (a) or (b). It 15 not scored for the values of @ and b.

Allow either hz =241r+195 or h=+241r+195

If they go on to square root each term from Ff: =241¢+195then itis A0. Eg. h=1.55+1.40
Special case for candidates who mistakenly use i=at+b
For 26=2a+b, 51=10a+b =h=03125t+1975 or h=0.313r+1.98

can score M1 correct equations with attempt to solve and Al for either correct answer shown above.
These are the only marks available to them for a maximum mark of 1100 00



(b)
M1: A full and valid attempt to

either substitute f =20 into their h: =2 41#+1.95 oe. and find a value for /i or A*

or substitute 1=7 into their f*r:l =2.41t+1.95 o.e. and find a value for ¢
{to enable the candidate to compare real life data with that of the model.)

The equation of the model must be of the correct form. either h =at+b or h=+ar+b
Do not be too concemed with the mechanics of the solution but the square or v must have been

used appropriately to enable the comparison to be made.
In cases with no working vou will need to check the calculation
Al: Compares their h/=7.08m to 7m o.e using h* or their +=19.5 vears to 20 years and makes valid

conclusion with reason.

For this mark vou require
» a statement that 1t is a "good" or "accurate’ ' model or similar wording
. a reason such as "the values are close”. "the values are similar” or "the predicted

values are within 5% of the true values.”

. a model with equation Frz =art+bhb oe where a=awrt 2.4 and b= |:1.9__ 2_0}

. correct calculations
Condone a statement like * the model 1s pretty accurate as it predicted 7.08m and the actual value
1s /m’
Do not allow mncorrect statements such as the model 15 incorrect as 1t does not give 7 metres.
Do not allow just "the model gives an underestimate of the true value "
Do not allow "bad’ or “poor” model



Qs.

Question Scheme Marks | AOs
(a) H=Ax(40-x) {or H=Ax(x-40)} M1 3.3
Way:1 x=20, H =12 = 12 = A(20)(40-20) = _4=% aM1 | 3.1b
3 3
H=—x(40-x) or H=—-——x(x—40) Al 1.1b
100 100
(3)
(a) H=12-A(x-20 {or H=12+ A(x-20)"} M1 33
.-l. i .2 3 3
Was x=40. H =0=0=12-4(40-20)' = 1= aM1 | 3.1b
H=12—i{x—20)1 Al 1.1b
100
(3)
f:“]' H=ax +bx+c (or deduces H =ax’ +bx)
Way.3 Both x=0,H=0=0=0+0+¢c = ¢=0
and either x=40, H =0= 0=1600a+40b Mi 33
or x=20, H=12=12=400a +20b
or _—b=20 {= b=—40a}
2a
b=-40a = 12 =400a + 20(-40a) = a =-0.03 et S
so b=—40(-0.03)=1.2 '
H=-003x"+12x Al 1.1b
(3)
() {H=3 =} 3=ix{40—x} = x’ —40x+100=0
" Ml | 34
or {H=3=}3=12—-—(x-20)" = (x—20)* =300
100
40 + 1600 — 413100
€8 X = Jl 0 (D(100) or x =20z /300 dM1 1.1b
-[-::haoa'f:s 20 + 4300 :’*;'- greatest distance = awrt 37.3 m Al 32a
(3)
(c) Gives a hnutation of the model. Accepte.g.
s the ground is horizontal
+ the ball needs to be kicked from the ground
* the ball 15 modelled as a particle
s the horizontal bar needs to be modelled as a line Bl 3.5b
* there 15 no wind or air resistance on the ball
+ there 15 no spin on the ball
* 0o obstacles in the trajectory (or path) of the ball
s the trajectory of the ball 1s a perfect parabola
(1)

{7 marks)




Notes for Question

f{\:}}]: Translates the situation given into a suitable equation for the model. E.g.
Way 1: {Uses (0. 0) and (40, 0) to write} H = Ax(40-x) oe. {or H = Ax(x—40)}
Way 2: {Uses (20, 12) to write} H =12—A(x—20)" or H =12+ A(x—20)’
Way 3: Writes H =ax” +bx+c. and uses (0. 0) to deduce c=0 and an attempt at using either
(40, 0) or (20,12)
Special Case: Allow SC M1dMOAO for not deducing ¢ =0 but attempting to apply both (40, 0)
and (20, 12)
dM]1: | Applies a complete strategy with appropriate constramnts to find all constants in their model.
Way 1: Uses (20, 12) on their model and finds 4—
Way 2: Uses either (40, 0)or (0, 0) on their model to find 1 = .
Way 3: Uses (40, 0) and (20, 12) on their model to find a=... and = __
Al: Finds a correct equation linking A to x
Eg H= ix(aim—x)_ H=12- i(x— 20)* or H=—0.03x"+12x
100 100
Note: | Condone writing v in place of H for the M1 and dM1 marks.
Note: | Give final A0 for y=-0.03x" +12x
Nate: | Give special case M1dMOAO for writing down any of H =12 —(x—20)" or H=x(40—x)
or H=x(x-40)
Note: | Give M1 dM1 for finding —0.03x" +1.2x or a=-0.03,6=1.2,¢=0 in an implied
ax’ +bxor ax’ +hx+c (with no indication of H =...)
(b)
MI1: Substitutes A =3 into their quadratic equation and proceeds to obtain a 3TQ
or a quadratic in the form (x*t &)’ = ;. £=0
Note: |Eg 12x—003x"=3 or 40x—x" =100 are acceptable for the 1% M mark
Note: | Give M0 dMO A0 for (their 4)x” =3 = x = ... or their (their A)x’ +(their H=3=x=__
dM1: | Correct method of solving their quadratic equation to give af least one selution
Al: Interprets their solution 1n the original context by selecting the larger correct value and stares
correct nnits for their value. E.g Accept awrt 37.3m or (20 + 4300 | m or (20 + 1043} m
Note: | Condone the use of mnequalities for the method marks 1n part (b)
(o):
Bl: See scheme
Note: Give no credit for the following reasons

* H(or the height of ball) 1s negative when x =40

+ Bounce of the ball should be considered after hitting the ground
+ Model will not be true for a different rugby ball

+ Ball may not be kicked 1n the same way each time




Q4.

Question Scheme Marks AODs
(@) (4=)55 Bl 34
(L)
{b} id‘lr'r . o — id'f'r .: nogn — B ~
:!E__i — ABe™ or :;E_.ﬁ NG5S DB M1 3.1b
(3
—Bx"53"=—J5=8B=__. : ,;—2=m=m 0.136 A1 1.1b
H =55¢5% 4 3p Alcso 33
(3)
(4 marks)
Nuotes
(a)

Bl: 535 only. Just look for this value e.g. “4 = 1s not required. Ignore any “units™ if given e g. 33 °C

(b)

M]1: Dafferentiates to obtain an expression of the form +48e™ which may have their 4 already substituted
in so allow for +48¢ ™ or £"55"Be™™

M]1: Substitutes t = 0 and their 4 into their % sets =+7.5 and proceeds to find a value for B which
t

-

may be implied by % or awrt 0.136

. dH — . - :
Their P must not be H_ 1.2 1t must be a “changed” function
f

Aleso: Correct equation which follows fully correct work H = 5555 - 30 but condone H =55 2 +30
The final equation must be correct but yvou can ignore spurious notation within their solution such as
integral signs and “+ ¢ which do not affect their solution.

Marking guidance is as follows for particular cases in (b)

Case 1: JI f =b_"55"Be™ _"55"Be™ =7.5= B=-0136= H =55""" +30 scores MIMI1A0
Error: it should be — 7.5

Case 2: : [:*I =:"55"Be™™ "55"Be™™ =-75= B=-0136= H =55""% +30 scores MIMI1A0
Errar: incorrect derivative

Case 3: : % —1"55"Be™ "55"Be™ _7 5= B=0136= H =55¢" +30 scores MIMI1AO
Error: incorrect derivative

; . .
Case 4 i% =L_"55"Be™™ "55"B=75= B=0.136= H=55""" +30 scores MIMI1Al

No errors




Q5.

Question Scheme Marks ADs
(@) log,, V' =3=V =10° M1 1.1b
(V=) £1000 Al 3.4
(2)
(b) ; 2.79-3 ; y
g (log,, b= =—0021 or log, V' =3-0.021¢ or
eg (log,b=) - or 10g;, ol M 116
10" ="1000"5"
eg b=10"" (=0952796....) or ¥ =10° <102 or b =1/"0.61659..." M1 3.1b
F=1000=0.953"° Alfi 33
(3)
(c) . 4 £
eg. V=1000x"0.953"" (=£315)
or M1 34
e_g_lng;,:,? =3-"0.021"«24=F :.,.{:£313}
which 1s close (to £320) so 1t 15 a suitable model Al 395
(2)
(7 marks)




Nates

(a)
M1:

Al:

Sets log,, V' =3 and attempts to find a value for a or an expression for V" when [ = 0 . Score for sight

of 10" or implied by the correct answer.
There may be more complicated routes to finding the mitial value. e g finding a complete equation

such as [lcgm V=3+ g

y
t=log, V=3=V=|10’
A

This mark can also be scored for the equation ¥ =10° x10 "™ or ¥ =1000x(....)" but not
¥ =10""""" (the 10’ has not been split up from 10"

£1000 cao (including units) do not accept £10°

{(b) Mark (b) and (c) together. Note work seen in (a) must be used in (b) to score

MI1:

M1:

Alft:

Either
2.79-3
0-0
Do not condone sign slips for this mark. May be implied by later work such as sight of 1
finds the equation for 10g,; ¥ in terms of t e g_ log, ¥ =3-"0.021"f which may be unsimplified.

forms the equation 1077 (= 616.5..) ="1000"5" o.e. suchas 2.79 =3 +10logh

finds the gradient between the two points. Score for the expression oe. eg —0.021

D—U.GEI !

Attempts to find the value or an expression for & using their gradient or their equation
Score for etther:

279-3
the expression 10 "™ o.e such as 10" or may be implied by a correct value using their gradient.
Y ou may need to check this on yvour calculator.

correctly proceeding from l0g;, ¥ =3-"0.021"f to ¥ =10 """ and splitting this into

7 —10° x10-000

attempting to equate coefficients:

log,, ¥ =log,, a+(log,,b)t & log,, ¥ =3-"0.021"t = log,, b="-0.021"= b =10 """
using their equation 10" ="1000"5""or 2.79 ="3"+10logh and proceeding to

eg b=19"0.61659.." or h=10""""

Complete correct equation, follow through on their “10007 so score for I/ ="1000"x [;awn 0.953)°

or accept V = "10° " (ﬂwrt ﬂ.953}r . Just stating the values of a and b 1s AOft, but 1if the equation 1s

written 1n (c) before substituting in f = 24 then this mark can be awarded.




(c) Mark (b) and (c) together

M1:

Al:

A full and valid attempt to:
o either substitute { = 241nto their model of the form V' = ab’ where a 1s positive and finds a
value for I

e or substitutes f =24 into their model of the form l0g,, V' = p+@f where p is positive and
finds a value for 7 (if thev only proceed as far as lugl,] V' they would also have to find the

value of log,,320)

® or substitutes V' =320 into their I¥ =1000x0.953" o.e. and finds a value for ¢
(to enable the candidate to compare real life data with that of the model )
Do not be too concerned with the mechanics of the solution but they must be attempting to find two
values which can be compared (e.g. usually 320 and a value for I, but they could proceed to find
logy; 320 and compare with log;, ¥ =2.496 when ¢ = 24 . or a value for ¢ to compare with { = 24)

In cases with no working yvou will need to check the calculation.

Compares their awrt £313-£315 with £320 or their awrt 1=23.5-23.7 with =24 or
log,, 320=2.505... with 2 496 and makes a valid conclusion with a reason.

For this mark vou require:
¢ correct calculations (1f using percentage error allow this to be rounded to compare awrt £313-

£315 with £320 then 1t will be 1n the range (1.4, 2.4). For £314.94 this 15 — awrt1.6%)

® areason such as “the values are close”, “the values are simular™, “the values are
approximately equal”. Allow use of “=7". Allow the calculation of the % error as reason.
* astatement that it 1s a “good™ or “accurate” model or similar wording.
Note: Condone as a mmmimum e.g. “£314 94 and £320 so good model”™ (we accept the two values
being stated here as a comparison that they are simalar)

Do not allow incorrect statements such as the model is incorrect as it does not give £320.
Do not allow just “the model gives an underestimate of the true value™ (does not comment
sufficiently on whether the model 15 reliable)

Do not allow comments suggesting that the model 15 not reliable.

Note using the full value for b leads to 3133285724




Q6.

Question Scheme Marks | AOs
£y 15 the total cost of making x bars of soap
Bars of soap are sold for £2 each
(a) yv=kx+c¢ {where k and c are constants} Bl 33
Note: Work for (a) cannot be recovered in (b) or (c) (1)
(b) Either
Way1l o x=800= y=2(800)—-500 {=1100 = (x.y) = (800, 1100)} M1 3 1b
e x=300= y=2(300)+80 {=680 = (x.v) = (300, 680)}
Applies (800, their 1100} and (300, their 680) to give two equations a1 {16
1100 =800k +¢c and 680=300k+c = k. c=._..
Solves correctly to find £k=084_ ¢=428 and states i ¥
y=084x+428 * -
Note: the answer v=0.84x+ 428 must be stated 1n (b) (3)
(h) Either
Way 2 e x=800= y=2(800)—-500 {=1100 = (x.¥)= (800, 1100)} M1 3 1b
e x=300= y=2(300)+80 {=680 = (x.y) = (300, 680)}
Complete method for finding both r=... and ¢= ...
1100-680
eE k:m {=0284} dM1 1.1b
(800,1100) =1100=800(0.84)+¢c = c=...
Solves to find k=084, ¢=428 and states y=084x+428 * Al# 21
Note: the answer v =0.84x4+ 428 must be stated in (b) (3
(h) Either
Way 3 e x=800= y=2(800)—-500 {=1100 = (x.y) = (800, 1100)} M1 3 1b
e x=300= y=2(300)+80 {=680 = (x.») = (300, 680)}
{y=084x+428=} x=800= y=(0.84)800)+428=1100 i Vit
x=300= y=(0.84)(300) + 428 = 680 I
Hence y=084x+428 * Al* 2.1
(3)




(c) Allow any of {0.84_1in £s} represents
¢ the cosr of {making} each extra bar {of soap}
* the direct cost of {making} a bar {of soap}
¢ the marginal cosf of {making} a bar {of soap} B1 34
¢ the cost of {making} a bar {of soap} (Condone this answer)
Note: Do not allow
o {084 in £s} 15 the profit per bar {of soap}
o 1084 i f£s} 1s the (selling) price per bar {of soap}
(1)
(d) {Let n be the least number of bars required to make a profit}
Way 1 2n=084n+428 = n=_.
C : M1 34
{(Condone 2x=0.84x+428 = x=_.)
Answer of 369 {bars} Al 32a
(2)
(d) e Trnial 1: n=368= y=(084)(368)+428 = y=737.12
Way 2 {revenue =2(368) =736 or loss=112} Ml 34
e Tnal2: n=369 = y=(0.84)(369)+428 = y =737.96
{revenue =2(369) =738 or profit= 004} Al 39a
leading to an answer of 369 {bars]
(2)

(7 marks)




Notes for Question

(a)
Bl1: Obtans a correct form of the equation. Eg v=kc+¢; k=0.c=0. Note: Must be seen n (a)
Naote: Ignore how the constants are labelled — as long as they appear to be constants. e.g k¢, m etc.
(b) Wav 1
MI: Translates the problem into the model by finding either
o v=2(800)—500 for x=800
o v=2(300)+80 for x=300
dM1: dependent on the previous M mark
See scheme
Al: See scheme — no errors m their working
Note Allow 1** M1 for any of
e 1600—y=>500
o 600—y=-80
(b) Way 2
MI1: Translates the problem into the model by finding either
¥=2(800)—500 for x=800
¥=2(300)+80 for x=300
dM1: dependent on the previous M mark
See scheme
Al: See scheme — no error 1n their wc:rkjng
(b) Way 3
MI: Translates the problem into the model by finding either
v=2(B00)—500 for x =800
¥=20300)+80 for x=300
dM1: dependent on the previous M mark
Uses the model to test both points (800, their 1100) and (300. their 680)
Al: Confirms y =0.84x + 428 1s true for both (800, 1100) and (300, 680) and gives a conclusion
Note: Conclusion could be " vy =0.84x+ 428" or "QED"” or “proved”
= ; i 500-80
Note: Give 1¥* MO for 500 =800k +¢, 80=300k+¢c = k=——=084
8002300
()
Bl: see scheme
Naote: Also condone Bl for “rate of change of cost™, “cost of {making} a bar ",
“constant of proportionality for cost per bar of soap” or “rate of increase in cost.
Naote: Do not allow reasons such as “price increase or decrease”, “rate of change of the bar of soap™
or “decrease in cost
Note: Give B0 for incorrect use of units.

E g Give B0 for “the cost of making each extra bar of soap 1s £847
Condone the use of £0.84p




(d) Way 1

MI: Using the model and constructing an argument leading to a critical value for the number of bars
of soap sold. See scheme.

Al: 369 onlv. Do not accept decimal answers.

(d) Way 2

MI1: Uses either 368 or 369 to find the cost y= ..

Al: Attemipts both trial 1 and trial 2 to find both the cost v =_.. and arnves at an answer of 369
only. Do not accept decimal answers.

Naote: You can ignore inequality symbols for the method mark in part (d)

Note: Give M1 Al for no working leading to 369 {bars}

Note: Give final A0 for x> 369 or x> 368 or x =369 without x =369 or 369 stated as their
final answer

Note: Condone final Al for in words “at least 369 bars must be made/sold™

Note: Special Case:

Assumming a profit of £1 1s required and achieving x = 370 scores special case M1AD




Q7.

Question Scheme Marks AQs
(a) a =60 Bl 3.1b
2 ="60"_5(—20) =b—.. Ml 3.4
H = 60—0.145(t — 20)* Al 33
3)
(b) Height=2m Bl 34
(1)
(c) a =180 or g=31 M1 34
H = 29cos(9¢ +180)° + 31 Al 33
(2)
(d) e.g. “The model allows for more than one circuat™ Bl 3.5a
(1)
(7 marks)




Nates

(a)

Bl: a = 60 (may be seen in their final equation of the model or implied by 60 substituted for @ in the
model)

M1: Attempts to find b by substituting in { =0, H =2 and their a and proceeding to a value for b.
May be seen as two simultaneous equations formed:
2=a-b(-20)" and 60=a-h(20-20)" proceeding to a value for b

Al: H=60-0.145(r—20)* or equivalent such as H = —% £ +58t+2 or H=60- 22(]9{] (t—20) isw
once a correct equation for the model 15 seen. Must be in terms of H and r. If they just state
a=060,5b=0.145then AO
A correct answer with no working seen scores full marks.

(b)

Bl: 2 cao (condone lack of umts) This can be scored even if their model 1n (a) 1s incorrect (they may
have used symmetrv to determine this value)

(c)

Ml: (e=)180 or (f=) 31 Condone (a=)rx

Al:  H=29cos(9t+180)°+31 or equivalent e.g. H =—29cos(9r)+31 1sw once a correct equation for
the model 15 seen. Must be in terms of H and 7. If they just state & =180, §=31then AQ.
A correct equation with no working seen scores both marks. Does not require the degree svmbol.

(d)

Bl:  Score for a reason which makes reference to any of

* the alternative model allows repetition (allow phrases e g “multiple cycles”. “repeated circuits™,
“cyclical”, “periodic”. “loops around”. “the original model can only go up and down once™)
the alternative model after 2 minutes the carnage will be back at the start (e g "at 2 muins H =27)
the original/quadratic model after 40 seconds (or any tune after thas) will be negative (e.g. “the
height will be negative which cannot happen™)

* the original model after 2 minutes would not be back at the start

Do not allow vague responses on their own e g. “the original model 15 a parabola™

If calculations are used then they must be correct using a correct model (allow rounded or truncated)

Look for a valid reason and ignore reference to anything else as long as 1t does not contradict

t | 0 5 (10151202530 |35(40| 45|50 |55 |60 |80 (100 120

ho| 2 [27 )46 |56 |60 | 56|46 | 27| 2 [-31)-71|-118|-172|-462(-868|-1390




Q8.

Question Scheme Marks AOs
(a)(i) 10750 barrels B1 34
(ii) Gives a valid limitation, for example
¢ The model shows that the daily volume of o1l extracted
would become negative as t increases, which 1s impossible b
e States when ¢ =10.F =-1500 which is impossible Bl 3.5
e States that the model will only work for 0< 1 < %
(2)
(b){i) Suggests a suitable exponential model, for example 7 = Ae™ M1 33
Uses (0.16000) and (4.9000)in=> 9000 =16000e* dM1 | 3.1b
=5 k= 111{3) awrt—0.144 M1 | 1.1b
4 16
a8 b
¥ =16000e* ‘' or ¥ =16000e"""** AR A
(i) Uses their exponential model with 1 =3 = F = awrt 10400 barrels Blit 34
(3)
{7 marks)




Notes:

(a)(@)

B1l: 10750barrels

(a)(ii)

B1l: See scheme

(b)(@)

MI1: Suggests a suitable exponential model, for example ¥ = 4e™. ¥ = 4" or any other
suitable function such as ¥ = 4e" + bwhere the candidate chooses a value for b.

dM1: Uses both (0,16000) and (4.9000)in their model.

With ¥ = 4" candidates need to proceed to 9000 =16000e*

With ¥ = 4r" candidates need to proceed to 9000 =16000+"

With ¥ = 4e" + b candidates need to proceed to 9000 =(16000— b)e“ +b where b is given
as a positive constant and 4+b=16000 .

M1: Uses a correct method to find all constants in the model.

Al:  Giuves a suitable equation for the model passing through (or approximately through in the
case of decimal equivalents) both values(0,16000) and (4.9{]{}(]) - Possible equations for
the model could be for example
¥ =16000e701H ¥ =16000x(0.866) ¥ =15800e" 1200

(b)(ii)

Bift: Follow through on their exponential model




Q9.

Question Scheme Marks AOs

(a) Sets H=0=>1.8+04d—0.002d*=0 M1 34

Solves using an appropriate method, for example
p —0.4+,J(04) —4(-0002)(1 8) dM1 | 1.1b
- 2x—0.002
Distance = awrt 204(m)only Al 22a
(3
(b) States the initial height of the arrow above the ground. Bl 34
(1)

(©) 1.8+0.4d —0.002d" =—G_D{}2(d3 —2md]+1_3 Ml | 1.1b
=—0.002((d ~100)* ~10000)+1.8 M1 | 1.1b
=21.8—0.002(d —100) Al | 1.1b

(3
(d) (1) 221 metres Bift 3.4
(i) 100 metres Bift | 34
2
{9 marks)




Notes:

(a)

MIl: Sets H=0=18+04d-0.002d" =0

M1: Solves usmg formula, which if stated must be correct, by completing square (look for
(d e ID{])Z =10900 = d = ..) or even allow answers coming from a graphical calculator

Al:  Awrt 204 m only

(b)

B1l:  States it 1s the initial height of the arrow above the ground. Do not allow " 1t 1s the height of
the archer"

(©

MI1: Score for taking out a common factor of —0.002 from at least the d° and d terms

M1: For completing the square for their (dg —200d ) term

Al:  =21.8-0.002(d —100) or exact equivalent

(d)

Bift: For their '21.8+0.3'=22.1m

Blft:

For their 100m




Q10.

Question Scheme Marks AOs
(a) 2<x<b Bl 1.1b

(1)
(b) States either k>8 or k<0 M1 31a
Statese.g. {k k>8} Uik k<0} Al 2.5

(2)

(c) Please see notes for alternatives

States y=ax(x— 6}1 or f(x)= m;{x—ﬁ}: Ml 1.1b
Substitutes (2,8) into ¥ =ax(x— -5)! and attempts to find a dM1 3la
v= %x(x ~6) or £(x) =%1‘{x— 6) oc Al 2.1

®

(6 marks)

the answer space, the one in the answer space takes precedence

Notes: Watch for answers written by the guestion. If they are beside the guestion and in




(a)

Bl: Deduces 2<x <0 oe.suchas x>2.x<6 x>2andx<6 {x:x}l}ﬁ{x:x{ﬁ} IE(E,'&J

Condone attempts in which set notation 1s incorrectly attempted but correct values can be seen

or implhied E. g {I > 2} r“'.{_r < ﬁ} {I »2 x< 6} _ Allow just the open interval (15]

Do not allow for incorrect inequalities suchaseg x>2o0rx <0, {I i i - E}U{I ) 6} Xe |:l5:|

(b)

M1: Establishes a correct method by finding one of the (correct) inequalities
States either k > 8 (condone k£ =8) or k<0 (condone £<0)

Condone for this mark vy <3k or f(x)<> kand 8<k <0
Al: Fully correct solution in the form{k 1k > 8} U{k:k <0} or {k“f }E} U {k“r < G} either way around
but condone {FC < D}U{k S E} ! {k k< Quk > B} ] {k <0uk> E} . It 1s not necessary to
mention . _eg. {k:kER;k:’S}u{k:kER;kﬁﬂ} Look for { }and w
Do not allow solutions not in set notation suchas k<0 or £>8.

(<)
M1: Realises that the equation of C 1s of the form y = ax(x—6)2_ Condone with a =1 for this mark.

So award for sight of ax(x —6]3 even with a=1

dM1: Substitutes (2.8) into the form y = ax(r—ﬁ)z and attempts to find the value for a.

It 15 dependent upon having an equation, which the ( y =) may be implied, of the correct form.

Al: Uses all of the information to form a correct equation for C y = lx{x— 15)2 0.e

1
ISW after a correct answer. Condone f(x)= % = 6)2 but not C' = % x(x— ﬁ]] i

Allow this to be wrnitten down for all 3 marks



Examples of alternative methods

Alternative I part (c):
Using the form v = ax’ +bx" +cx and setting up then solving simultaneous equations.

There are various versions of this but can be marked similarly

M1: Realises that the equation of C 15 of the form y = ax’ +bx” +cx and forms two equations mn a, b

and ¢. Condone with a =1 for this mark.
Note that the form y = ax’ +bx" +cx+d is MO until 4 is set equal to 0.
There are four equations that could be formed. only two are necessary for this mark.

Condone slips
Using (6. 0) = 216a+365+6¢ =0

Using (2.8) = 8a+4b+2c=8

dv
Using 3‘=ﬂ atx=2 = 12a+4b+c=0

dv
Using $1=ﬂ at x = 6 = 108a+12b+c =0

dM1: Forms and solves three different equations. one of which must be using (2, 8) to find values for
a. b and ¢ A calculator can be used to solve the equations

Al: Uses all of the information to form a correct equation for C' y :%xl —3x 49x oe.

ISW after a correct answer. Condone f(x) = %xs —3x" +9x

Alternative IT part (c)
Using the gradient and integrating

M1: Realises that the gradient of C 1s zero at 2 and 6 so sets f'(x) = k(x—2)(x—6) oe and attempts to
integrate. Condone with k=1
dM1: Substitutes x=2_y =8 into f(x)= k[...f + x4+ ) and finds a value for k

x3 —4.}:2 + 12.!:] 0.2.

Lo | bt

3 i
Al: Uses all of the information to form a correct equation for C y = Z[

ISW after a correct answer. Condone f(x)= %L%ﬁrj —4x +12.r]



Q11.

Question
Number

Scheme

Notes

Marks

(a)

fx)=(x+1)(x-2)°

M1: Either stating or wniting down that
(x= 1) or (x = 2) 15 a factor — may be
implied by their f{x)

Al: Both (x + 1) and (x - 2) are factors -
may be implied by thewr f{x)

Bl:vor fix)= (x + D{x-2)

M1Al1B1

=(x+1)(x -4Ax+4)=x"-3x' +4

M1: Multiplying out a quadratic to get 3
terms and then multiplying by the linear
term to form a cubic.

Al' ¥ —3x  +4ora=-3.b=0c=4

MI1Al

&

(b)

Same shape and position

(1gnore any coordinates)

with the maxumum on the
V-axis

B1

v intercept = 4 or their ¢’

Blft

x coordinates at -2 and 4
or marked as coordinates,
Allow (0. -2) and (0, 4) if
they are marked in the
correct position.
The curve must cross or
at least stop atx=-2

Bl

(3)

(a)
VWay 2

x=0y=d=ec=4

Uses (0, 4) to obtamn ¢ =4 (can
be just stated)

Bl

x=-lLy=0=-1+a-b+e=0
x=2y=0=8+4a+2b+e=0

Uses both (-1, 0) and (2, 0) in
y=x +ax +bx+c toform
2 siumultaneous equations.
Allow the equations to contan
¢ here.

M1

a-b=-3
4a+2b=-12

=a=.o0rb=...

Solves simultaneously with a
value for ¢ to obtamn a value for
a or a value for b

M1

Eithera=-3orbh=0

Al

Botha=-3and b=10

Al




(a)
Way 3

dy

MI: 2" — 2" at least once

— =3x'+2ax+b : , M1
dx meclading ¢ = 0
dv
1‘=G=:-El%:=0=:b=ﬂ Correct value for b Al
S - Uses (0, 4) to obfamn ¢ = 4 (can be
x=0Ly=4=ec=4 et shabd) Bl
3(2) +2a(2)+b=0or _ -
= P Obtamns an equation in @ M1
(=1Y +al=1)y +b(-1)+4=0
a==3 Correct value for a Al

(5)

Special case:
A common mcorrect approach 1s to assume the cubic 1s of the form e g.
fix)=x(xx1)x+2)+4

This scores Bl only fore =4

(8]




Q12.

{:aniggr Scheme Marks
4
tancx=7-—.:« o =awrt 1.107 MIAIL
(3)
(b)(i) ‘4+5R " =104 Blfi
(ii) ."-ﬂ—'l.lﬂ?”=%=?$=a.wrtﬂ.89 MIAL
(3)
(c )i) 4 Bl
(ii) 36-'1.107"= 27 = @ =awrt 2.46 MIALl
(3)
( 9 marks)




(a)
Bl Accept R= \1% or 2+/5 or awrt 4.47

Do not accept R=1+/20

This could be scored in parts (b) or (¢) as long as you are certain it is R

: + 2 , A
M1  forsight of tana = i?. tana = iz. Condone sing=4.cosa=2=tana =

T : 4+ 2
If R 15 found first only accept sina = iE. cosa=1t—

R
Al o = awrt 1.107 . The degrees equivalent 63.4° is A0,
If a candidate does all the question in degrees they will lose just this mark.

(b)(1)
Blft Either 104 or if R was incorrect allow for the numerical value of their '4+SR*'.
Allow a tolerance of 1 dp on decimal R’s.

(b)(11)
M1  Using 35J_rtheﬁ~'1.1ﬂ?'=§:aa=..

Accept 38+ their'1.107'=(2n+ 1)% = ¢ =.. where n is an integer
Allow slips on the lhs with an extra bracket such as
3(6their'1.107') =2 = 6=..

The degree equivalent 1s acceptable 38 —their'63.4°'=90°= @ =
Do not allow mixed units in this question

Al awrt 0.89 radians or 51.1°. Do not allow multiple solutions for this mark.
(c)(1)

Bl 4

(e)(i1)

M1 Using 368 +their'1.107'=27=>8=...
Accept 36 £ their'1.107' = nr = @ =.. where n is an integer . including 0
Allow slips on the lhs with an extra bracket such as

3(0+their'1.107") =21 = 6 =..

The degree equivalent 1s acceptable 38 —their'63.4°'=360° = 6 =but
Do not allow mixed units in this question
Al @ = awrt 2 46 radians or 141.1° Do not allow multiple solutions for this mark.



Q13.

Question Scheme Marks AOs
(a) R=\5 Bl 1.1
tana=2=a=_. M1 1.1
a=1107 Al 1.1k
(3)
= i 1 i
8=5+5sin| —+1107-3 |
L12 )
(b) [_5+x-'f§}| °C orawrt 7.24°C Blft 223
(1)
{c) at T .
ﬁ+1_10?—3_?:~r— M1 3.1b
f=awrt132 Al 1.1t
Either 13:14 or 1:14 pm or 13 hours 14 minutes after midnight. Al 32a
(3)
(7 marks)
MNotes:
(a)
Bl: R=45 only.
A1: Proceeds to a value of o from tano =+2 tana = i-%,a'in o = i%GR cosa =z “;,,

It 15 implied by erther awrt 1.11 (radians) or 63.4 (degrees)
Al: g =awrt1.107

(b)
B1ft: Deduces that the maximum temperature is (3+ V3)*C or awrt 7.24°C Remember to isw
Condone a lack of units. Follow through on their value of R so allow (5+'R")°C

(<)
M1: An complete strategy to find ¢ from 1—_1 107 -3 —7.

Follow through on their 1.107 but the angle must be 1 radians.
It 15 possible via degrees but only using 15¢/+63.4—171.9 =90

Al: awrt t=13.2

Al: The question asks for the time of day so accept etther 13:14. 1:14 pm_ 13 hours 14 minutes after
midnight. 13h 14, or 1 hour 14 minutes after mudday. If in doubt use review

It 15 possible to attempt parts {b} and (c) via differentiation but 1t 15 unlikely to yield correct results.

dé =n. (nt ) : o .} 1 '

¥=ﬁml'll_"_3 |——’5Lt1 E 3.] Cl:::tan|1—?—3 |=E:}I=13'33=13'H scores M1 A1 Al

- casaH—r—E]—?sm|——3] D:btm|——3|——:‘>r=1333=13-14 they can score M1 A0 Al (SC)
dr 12 12 12 ' : :

A value of £ =1.23 implies the minimum value has been found and therefore incorrect method MO.



Q14.

oy Scheme Marks
kt =1)(5000 - N
av _ e -1 ) £50, 0<N <5000
dr r
H —
(a) J; AV = j[ D g {nr . J[k—l ]dr} See notes | B1
5000-N t t
~In(5000 - N) =kt - Int; +¢ See notes | M1 Al; Al
tiren eg either... ar... or...
-kt +c=In(5000-N)=Inr | W+c=Inr-In(5000 = N) | {5000 -N) =—k& +Ins +¢
[ 5000 — N f =
—*T+{':ll:l[—] .h‘+.|:'=||]—] 5 —N= kr+lnr +¢
: [mun— N 0l e
o 5000 = N i J S
&+ = e = mr———— "“b —y — <
& = " 5000V 5000 - N =te
leadimg to N = 5000 — Are™ with no incorrect working/statements. See notes ALY cso
(5]
® {t=1,N=1200=>} 1200=5000 - Ae™* At least one correct statement written | -,
{t=2, N=1800=} 1800=5000~24e" down using the boundary conditions
S0 Ae™" = 3800
and 247 = 3200 or 4e™ =1600
o e 3800 Ze ™t 3200 An attempt to eliminate 4 |
g 20 7 3700 o et 7 3300 by producing an equation in only k.
™
Sove! =220 or 2e =2
£ 320 LS
. At least one of 4 = 9025 cao
7600 . 19
k=l ]m‘ wivalent 4 e .Fr=|n[—] ] . Al
[3200_ o { £ ] or k= ln[%] or exact equivalent
o I Both 4 =9025 cao
k
= — bl 4 A= P
{A 3800(e") 380{1[ g } j d = 9025 e ln[ TEDD] or exact equivalent Al
3200
[41
Alternative Method for the M1 mark in (b)
-+ 3800
] . —
A
2
JA[ :TEDD} — 37200 An attempt to elinunate & M1
A by producing an equation mn only A
_5|,|c1T9|
(c) =35, N=5000-9025(5)e
N = 4402.828401 _. = 4400 (fish) (nearest 100} anything that rounds to 4400 | Bl
1]
10




Question Notes

{a)

(b)

(c)

Bl

M1

NOTE

B1
M1

Al

Al

Nuote

Mote
El

Separates vanables as shown. dV and dr should be m the comrect positons, though thus mark can be
unplied by later working. Ignore the integral signs.
Either =Aln(5000-N)or £Aln({N-5000) or Kk —Inr where 4=0 i5 aconstant.

For —In{5000 - N) =k -Inr or W(5000-N)=-kr +Inr or —%h{ﬁﬂﬂ-ﬂ - N) =r—%lnr oe
which is dependent on the 1" M1 mark being awarded.
For applying a constant of integration, eg. + ¢ or + lne® or =+ Inc or.d tothew integrated equation
+ ¢ can be on either side of their equation for the 2* Al mark.
Uses a constant of integration eg. “c” or “ Ine® ™ "lnc" or and applies a fully correct method to
prove the result N = 5000 — Are™ with no incorrect working seen. (Correct solution only )
IMPORTANT
There needs to be an intermediate stage of justifying the 4 and thee™ in Are™ by for example

* either 5000- N=¢""""""

. or 5000 - N =re """

e or  5000-N=te"e
or equivalent needs to be stated before achieving ¥ = 5000 — 4re™

At least one of either 1200 = 5000 — 4e™ (or equivalent) or 1800 = 5000 — 2.4e™™" (or equivalent)
¢ Either an attempt to elinunate 4 by producing an equation 1n only &.
= or an attempt to elinunate & by producing an equation in only 4

At least one of 4 =9025ca0 or k = m[;ﬁ} or equivalent
Both A=9025 cao or k= m[%] or equivalent

Alternative correct values for k are i=h[%] atk=—ln{%] or k=In7600—In3200

3800
9025
k = 0.8649... without a correct exact equivalent is AD.
anytlung that rounds to 4400

or .'r=-|n[ ] or equivalent




Q15.

Question Scheme Marks AOs
(a) | Uses amodel ¥ = 4e™ oe (See next page for other suitable models) M1 33
Eg. Substitutes = 0,% =20 000 = 4 = 20000 M1 1.1b
Eg. Substitutes f =17 =16000=>16000= 20000 = k=.. dM1 3.1k
¥ =20000e " Al 1.1b
4
(®) | Substitutes # =10 in their ¥ =20000e™"** =F =(£ 2150) M1 3.4
Egz. The model 1s reliable as £2150 = £2000 Al 3.0a
(2)
(€) | Make the "—0.223 " less negative. B1E 3.3
Alt: Adapt model to for example 7 =18000e™"=" +2000
1)
(7 marks)




(a) Option 1
MI1: For V = Ae™ Do not allow if k is fixed, eg k=—0.5
Condone different variables I <> y f <> x for this mark, but for Al I and t must be used.

M1: Substitutes { = 0= A = 20000 into their exponential model
Candidates may start by simply writing = 20000e" which would be M1 M1

dM1: Substitutes £ =1=>16000 = 20000¢ ™ = k =..via the correct use of logs.
It is dependent upon both previous M’s.
Al: V7 =20000e " (with accuracy to at least 3sf) or } =20000e ™"*

A correct linking formula with correct constants must be seen somewhere in the question

(b)

M1: Uses a model of the form I = Ae™ to find the value of I when ¢ = 10.
Alternatively substitutes I” = 2000 into their model and finds ¢

Al: This can only be scored from an acceptable model with correct constants with accuracy to at least 2sf .
Compares "= (£) 2150 with (£) 2 000 and states "reliable as 2150 = 2000 " or "reasonably good as they
are close" or ""OK but a little high".
Allow a candidate to argue that it 1s unreliable as long as they state a suitable reason. Eg. **It 1s too far
away from £2000°" or **It is over £100 away, so it is not good™’
Do not allow “*it 1s not a good model because it is not the same™’
In the alternative it is for comparing their value of f with 10 and making a suitable comment as to the
reliability of their model with a reason.

I =20000e " = 2000 = 20000e ~"*** =t =10.3 years.
Deduction Reliable model as the time is approximately the same as 10 years. A candidate can argue that
the model is unreliable if they can give a suitable reason.
(c)
Blft: For a correct statement. Eg states that the value of their * —{),223 " should become less negative.
Alt states that the value of their *0.223" should become smaller. If they refer to & then refer to the model and
apply the same principles.
Condone the fact that they don’t state their —0.223 doesn’t lie in the range (—0.223, U)



(a) Option 2
M1: For V' = Ar' or equivalent suchas V' = kr'™!
Condone different variables I” <> y 1 <3 x for this mark, but for A1 V" and t must be used.

4
M1: Uses 1 = 0= 4 =20000 in their model. Alternatively uses [ﬂ, Zﬂmﬂ) and (1, lfiﬂﬂﬂ] to give ¥ = 3 oe

You may award if one of the number pair (0,20000) or (1,16000) works in an allowable model
dM1: 1 =1=16000=20000r' = r=.. Dependent upon both previous M’s

4
In the alternative it would be for using r = 3 with one of the points to find 4 = 20000

You may award if both number pairs (ﬂ.. E[H][H]) or (1, lﬁﬂ'ﬂﬂ) work in an allowable model

Al: V' =20000x 0.8 Note that }" =20000x1.25" } =16000x 0.8'" and is also correct

(b)

M1: Uses a model of the form I = 4’ oe to find the value of I’ when ¢ = 10. Eg. 20000 0.8"
Alternatively substitutes }J* = 2000 into their model and finds ¢

Al: This can only be scored from an acceptable model with correct constants also allowing an accuracy to 2sf.
Compares (£)2147 with (£) 2 000 and states "reliable as 2147 =~ 2000 " or "reasonably good as they are
close" or "OK but a little high".

Allow a candidate to argue that it is unreliable as long as they state a suitable reason. Eg. **It is too far
away from £2000”" or **It 1s over £100 away, so 1t 1s not good™’
Do not allow *‘it is not a good model because it is not the same’’

(c)
Blft: States a value of r in the range (ﬂ.E, 1) or states would increase the value of "0.8"

They do not need to state that "0.8" must lie in the range [[I'.&])

Condone increase the 0.8. Also allow decrease the "1.25" for }' =20000x1.25"



(a) Option 3

MI1: They may suggest an exponential model with a lower bound. For example, for I = Ae™ +2000 The
bound must be stated but do not allow k to be fixed . Allow as long as the bound < 10 000

M1: (=0, =20000= 4=18000

dM1: =1V =16 000=>16000=2000+18000¢' =k =..  Dependent upon both previous M’s
Al: V =18 000xe " +2000
(b)

M1: Uses their model to find the value of I when ¢ = 10.
Alternatively substitutes }” = 2000 into their model and finds £

Al: For V' =18000x¢™*™" + 2000 = £3462.83 Deduction: Unreliable model as £3462.83

1s not close to £2 000 This can only be scored from an acceptable model with correct constants

(c)

B1: States make the value of k or the —0.251 greater (or less negative) so that it lies in the range (—0.25 1,[}]

Condone “make the value of k or the —{.251 greater (or less negative)”

[t is entirely possible that they start part (a) from a differential equation.

dv dv
M]:d—zklf:bj Im:jlnv kt+e Ml In20000=c
I

5
dM1: Using t =1,FF =16 000 =k =.. Al: lnl’=—ln(z]r+ln2ﬂﬂl]ﬂ



Q16.

Question

Number Scheme Marks

@ |D=10,t=5 x=10e*" Ml
=35.353 awrt Al ()

(B) | D=10+10e=.r=1.  x=153526...xe~ Ml
x=13.549 (%) Al cso (2)

Alt.(B) x=10e¥° +10e™ Ml ¥=13.549 (%) Al cso
(o | 153526, =3 Ml
_Tr=;={:'.1954_“
15.3526...

—%r:m:}.wﬂ... M1
T=13.06... or 13.1or 13 Al (3)
(7 marks)

T

T

Trial and improvement: M1 as scheme,

() 1¥ Mis for (10+10e¥)e ® =3 oe

Notes: (b) (main scheme) MI is for [1[}+1{]e_% }IE_;, or {10 + their(a)} e

N.B. The answer 1s given. There are many correct answers seen which deserve MOAD

MI1AOD

2°d M is for converting ¢ © =k (k=0) to — % = In k. This is independent of 1% M.

M1 correct process for their equation (two equal to 3 s.f)
Al as scheme




Q17.

(a) 1000 Bl (1)
(b) 1000e™7% =500 M1
“."'.'\l- 1
g = Al
- 1
—5730c=In— M1
e=0.000121 cao | Al 4
(c) R=1000e""" =625 Accept 62-63 | M1 AL (2)
(d)
R &
1000
\M_ Shape | Bl
e =S 1000 |BI1 (2)
[9]




Q18.

Question Scheme Marks ADs
(a) T =al’ = log,, T =log, a+log,I° M1 5 |
— l{}gm P nglﬁ a +b£ng I*
or At 1.1b
= log,, T =blog,,[+log,,a®
(2)
(b) 45
b=0.495 or b= G_l Bl 22a
0="0.495"x—0.7 + log,, @ = a =10"**-
or M1 3.1a
0.45="0.495"x0.21+log,,a = a=10"**
e S Al 33
(3)
(c) The time taken for one swing of a pendulum of length 1 m Bl 3 2a
(1)
(6 marks)




Notes

(a)
M1: Takes logs of both sides and shows the addition law.

Implied by T =al” = log,, a +log,, I’

A1*: Uses the power law to obtain the given equation with no errors. Allow the bases to be
missing in the working but they must be present in the final answer.
Also allow f rather than T and 4 rather than a.
Allow working backwards e.g.

log,, T =blog,, I +log, a = log,, T =log,, I° +log,, a
= log,, T =log,al’ =T =al’*

M1: Uses the given answer and uses the power law and addition law correctly
Al: Reaches the given equation with no errors as above

(b)
45
B1: Deduces the correct value for b (Allow awrt 0.495 or E)

M1: Correct strategy to find the value of a.
E g substitutes one of the given points and their value for b mto log,, T =log;,, e +blogy, /

and uses correct log work to identify the value of a. Allow slips in rearranging their equation but
must be correct log work to find a.
Alternatively finds the equation of the straight line and equates the constant to log,, a and uses
correct log work to identify the value of a.
Eg y—045="0495"(x—021)= y="0.495"x+0.346>a=10"*=...

45
Al: Complete equation T = 2.22/°*° or T = 22279

45
(Allow awrt 2.22 and awrt 0.495 or q—lj

Must see the equation not just correct values as it is a requirement of the question.

(c)

B1: Correct interpretation




Q19.

Question Scheme Marks | AOs
{d=kV" =} log,,d =log,, k + nlog,, I
“':E:)l or log,,d =mlog, V+ ¢ or log,,d =mlog,, ¥V -1.77 M1 2.1
seen or used as part of their arpument
Alludes to d = k" and gives a full explanation by comparing A1 24
their result with a linear modele g ¥ =MY +C
{k=} 1077 =0.017 or log0.017 =—-1.77 i 6
linked together in the same part of the question
(3)
_(ﬂ} log,, d =mlog,, V' + ¢ or log,,d =mlog,, V" -1.77
Way 2 or log,,d =log k+nlog,, V Ml 21
seen or used as part of their argument
{d=kV" = } log,, d =log,,(K"") Al 24
= log,,d=log k+log,, V' = log,,d =log k+nlog,V i -
{k=} 1077 =0.017 or log0.017 =-1.77 i % 5
linked together in the same part of the question
3)
(a) Starts from log;; d = mlog, V' + ¢ or log,, d =mlog,, V-1.77 M1 21
Way 3 log,,d=mlog,V+c = d=10"%""¢ = d=10V" =d =kV"
or log,,d=mlog,V—1.77 = d=10""%""" Al 24
= d=10""V" =d=kV"
{k=} 1077 =0.017 or log0017 =-1.77 Bl * 11b

linked together in the same part of the question

é
M1 34

(h) {d=20.V=30=} 20=k(30)" or log,20=1log,k+nlogy,30

log20-logk
log 30

20=k(30)" = log20=logk+nlogl0=n=

M1 1.1b
.
log,; 20=log k+nlog,; 30 =n= logy, 20~ logy, — . =T
’ log,, 30
{n=awrt 208 =1} d=(0.017)F*® or log,d=-177+2.08log, V Al 1.1b
Note: You can recover the Al mark for a correct (3)
model equation given 1 part (c)
(c) d =(0.017)(60)"™ M1 34
e 13333484918 =98251... = Sean stops in time M1 3.1b
e 100-13.333..=86666... & d=84918 = Sean stops in time Alft 3.2a
(3
(9 marks)

ADVICE: Ignore labelling (a). (b}, (c) when marking this guestion
Note: Give B0 in (a) for 1077 =0.01698___ without reference to 0.017 in the same part




Notes for Question

Naote: In their solution to (a) and/or (b) condone writing log in place of log,,
{a) Wayv 1
Mil: See scheme
Al: See scheme
Bl-: See scheme
(a) Way 2
MI: See scheme
Al: Starts from & =kV" (which they do not have to state) and progresses to
log,, d =log,, k +nlog,, ¥ with an intermediate step in their working.
Bl=: See scheme
(a) Wav 3
MI1: Starts their argument from log,, d =mlog,, V" + ¢ or log,, d =mlog,, V' -1.77
Al: Mathematical explanation is seen by showing anv of either
* log,d=mlog,V+c —=d=100V" ord =kV"
¢ log,d=mlog, V-177— d=10""V" or d =kV"
with no errors seen in their working
Bl~: See scheme
Note: Allow B1 for log), 0.017=-1.77 or log0.017=-1.77
(b)
MI1: Applies ¥ =30 and d =20 to their model (correct way round)
MI1: Applies (V. d)=(30, 20) or (20, 30) and applies logarithms correctly leading to n= ...
Al: d =(0.017"*" or log,,d=-177+208log,V or log,,d =log,,(0.017)+2.08log,,
Naote: Allow k=awrt 0.017 and/or »n = awrt 2.08 i their final model equation
Note: MO M1 A0D 1s a possible score for (b)
c
;I}l: Applies 7 =60 to their exponential model or their loganthmic model
MI: Uses their model 1n a correct problem-solving process of etther
* adding a “thinking distance™ to their value of their 4 to find an overall stopping distance
¢ applying 100 — “thinking distance™ and finds their value of 4
Note: % or 48 are examples of acceptable thinking distances
Alft: Either adds 13.3. .. to their d to find a total stopping distance and gives a correct ft conclusion
or finds their 4 and a comparative 86 .666.._(m) or awrt 87 (m) and gives a correct ft conclusion
Note: The thinking distance must be dimensionally correct for the M1 mark i1e. 0.8 x their velocity
Note: A thinking distance of awrt 13 and a value of d n the range [81.5. 88.5] are requured for Alfi
Note: Allow “Sean stops in time” or ~Yes he stops in time” or “he misses the puddle™ as relevant
conclusions.
Note: A mark of M0 M1 A0 1s possible 1n (c)




Q20.

Question Scheme Marks AOs
(a) N=aT® = log,, N =log,,a+log, T* M1 -0 |
—log,, N =log,,a+blog,, T so m=bandc=log,;a Al 1.1b
(2)
(b) Uses the graph to find eitheraor b a=10""""or b= gradient M1 | 3.1b
Uses the graph to find bothaand b a=10""""and b = gradient M1 1.1b
Uses T =3in N =aT"with their g and b M1 3.1b
Number of microbes ~ 800 Al 1.1b
4
(© N =1000000 = log;,y, N=6 M1 | 34
We cannot ‘extrapolate’ the graph and assume that the model still
Al 3.5b
holds
(2)
(d) States that 'a' 1s the number of microbes 1 day after the start of the B1 3.9
experiment =8
(1)
{9 marks)




Notes:

(a)

M1: Takes logs of both sides and shows the addition law

M1: Uses the power law, writes logy, N = logy, a+blog,, T and states m=band ¢ =log;; a

(b)

MI1: Uses the graph to find either @ or b g =10""="F'or b = gradient. This would be implied by
the sight of b=2.30r a=10"% ~ 63

MI1: Uses the graph to find both @ and b @ =10""""" and b = gradient. This would be implied
by the sight of b=2.3and a=10"* ~ 63

M1: Uses T —3=> N —q7T"with their g and b. This is implied by an attempt at 63x3**

Al:  Accept a number of microbes that are approximately 800. Allow 800£150 following
correct work.
There 1s an alternative to this using a graphical approach.

MI1: Finds the value of log T from I'=3. Acceptas T=3=log); T~ 048

M1: Then using the line of best fit finds the value of log,  Nfrom their "0.48"
Accept logjg N~2.9

MI1: Finds the value of NV from their value of log N log) N~29= N= T

Al:  Accept a number of microbes that are approximately 800. Allow 800150 following
correct work

(©

M1  Forusing N = 1000000 and stating that log;g N=6

Al:  Statement to the effect that "we only have information for values of log NV between 1.8 and
4.5 so we cannot be certain that the relationship still holds". "We cannot extrapolate with
any certainty, we could only interpolate”
There 1s an alternative approach that uses the formula.

1000000
B o

M1: Use N=1000000 in their N =63xT"" =log,, T = = ~1.83.

Al:  The reason would be similar to the main scheme as we only have log) T values from 0 to
1.2. We cannot ‘extrapolate’ the graph and assume that the model still holds

(d)

Bl: Allow a numerical explanation T =1=> N =ql1’ = N =g giving a is the value of N at T=1




