A-level
Topic : Differential Calculus
May 2013-May 2023

Answer

Question 1

(i) Use correct quotient rule or equivalent
Obtain 0+ e™)2x—(1+x7)2e*
(] + 62.\’ )2

or equivalent

. . 1 .
Substitute x = 0 and obtain — 5 or equivalent

. . . d
(i) Differentiate y* and obtain 3y2—y_

X

Differentiate 5xy and obtain 5y+5x%

d d
Obtain 6x2+5y+5x -2 +3 2 =2 =
dx dx

Question 2

dy A,
State ZGyd—} as derivative of ay”
X

State y* + 2,):}’% as derivative of x)”

. dy
Equate derivative of LHS to zero and set a}equal to zero

Obtain 3x” +y2 —6ax =0, or horizontal equivalent
Eliminate y and obtain an equation in x
Solve for x and obtain answer x = \/ga

Question 3

M1
Al

Al

Bl

Bl

Bl

Bl

Bl

Ml

Al
M1
Al



(i) Use correct quotient or chain rule to differentiate sec x M1
Obtain given derivative, sec x tan x, correctly Al
Use chain rule to differentiate y M1
Obtain the given answer Al [4]
(ii) Using dx\/?:secz ¢ dé&, or equivalent, express integral in terms of @ and d& Ml
Obtain [secf d@ Al
| 1 . . .
Use limits gﬂ' and 5” correctly in an integral form of the form & In(secé + tan &) M1
Obtain a correct exact final answer in the given form, e.g. ln[%} Al [4]
Question 4
Use correct product or quotient rule at least once M1*
Obtain ;E =e 'sint—e ‘cost or (;—y =e¢ ' cost—e 'sint, or equivalent Al
t t
Use Y = d_y+ dx Ml
dx dr dt
. dy sint—cost .
Obtain — =————_ or equivalent Al
dx sint+cost
dy .
EITHER: Express ay in terms of tan £ only M1(dep*)
. B . } 1
Show expression is identical to tan[t —Z:r] Al
OR: Express tan[t—%:r] in terms of tan ¢ M1
. W . . dy
Show expression is identical to . Al  |6]
Question 5
. . 3 . 2 dy
Differentiate y” to obtain 3y~ — Bl
Use correct product rule at least once *M1
} . Ay « 2dy .
Obtain 6y +3e* e y +3e*y’ & as derivative of LHS Al
dx dx
. ) dy
Equate derivative of LHS to zero, substitute x = 0 and y = 2 and find value of Y MI1(d*M)
. 4 .
Obtain — 3 or equivalent as final answer Al [5]

Question 6



Obtain for derivative of x Bl
2t+3
Use quotient of product rule, or equivalent, for derivative of y M1
Obtain S or unsimplified equivalent Al
(21 +3)
Obtain 7 =-1 Bl
Use Y =d—y/E in algebraic or numerical form M1
dx dr dr
. . 5
Obtain gradient B} Al [6]
Question 7
dx
(i) State a =1-sec’ 1, or equivalent Bl
Use chain rule Ml
dv int
Obtain g__a& , or equivalent Al
dt cost
dy dy dx
Use 2 =2+ Ml
dx dt  dr
Obtain the given answer correctly. Al 5
(i) State or imply 7 =tan"' (1) Bl
Obtain answer x = —0.0364 Bl 2
Question 8
(i) Use product rule Ml
Obtain derivative in any correct form Al
Differentiate first derivative using the product rule M1
Obtain second derivative in any correct form, e.g. —1sin)x—}txcoslx—J1sinlx Al
Verify the given statement Al 5
(ii) Integrate and reach kxsinx +/ |sin{xdx M1*
Obtain 2xsin L x — 2 [sin J.x dx , or equivalent Al
Obtain indefinite integral 2xsinLx +4cos<x Al
Use correct limits x = 0, x = 7z correctly M1(dep*)
Obtain answer 27 — 4, or exact equivalent Al 5

Question 9



Obtain correct derivative of RHS in any form Bl

Obtain correct derivative of LHS in any form Bl
Set d—yequal to zero and obtain a horizontal equation M1
Obtain a correct equation, e.g. x>+ y* =1, from correct work Al
By substitution in the curve equation, or otherwise, obtain an equation in x> or y* Ml
Obtain x=1+/3 Al
Obtain y =% Al 7

Question 10

(i) Substitute for x and dx throughout using u = sinx and du = cos x dx, or equivalent M1
Obtain integrand ¢** Al
Obtain indefinite integral Le*" Al
Use limits 2= 0, u = 1 correctly, or equivalent Ml
Obtain answer 5'(e2 —1), or exact equivalent Al 5

(ii) Use chain rule or product rule Ml

Obitain correct terms of the derivative in any form, e.g. 2coste>™ cosx—e*™ sinx Al + Al
Equate derivative to zero and obtain a quadratic equation in sin x M1
Solve a 3-term quadratic and obtain a value of x Ml
Obtain answer 0.896 Al 6

Question 11

(i) Use chain rule correctly at least once M1
L dx  3sins dy 2, .
Obtain either — = —— or — = 3tan"#sec’7 , or equivalent Al
dr  cos’t dt
dy dy dx
Use Y _ L= M1
dx dr dr
Obtain the given answer Al [4]
(i) State a correct equation for the tangent in any form Bl
Use Pythagoras M1
Obtain the given answer Al [3]

Question 12



Use correct product rule or correct chain rule to differentiate y

dv &
Use—y—%
dx 5
=2 3
Obtain 4cos fsin 29+2COS o or equivalent
sec” @
dy

Express i in terms of cosé

Confirm given answer 6cos” @ —4cos’ @ legitimately

Question 13

Differentiate to obtain form asin2x +bcosx

Obtain correct —6sin2x + 7 cos x

Use identity sin2x = 2sin xcosx

Solve equation of form csinxcosx+ d cosx =0 to find at least one value ofx
Obtain 0.623

Obtain 2.52

. 1 . :
Obtain 1.57 or — 7 from equation of form csinxcosx+dcosx =0
2

Treat answers in degrees as MR — 1 situation

Question 14

(i) Use product rule to find first derivative
Obtain 2xe*™* — x%e*™*
Confirm x=2 at M

(i) Attempt integration by parts and reach + x?e® ™ + ’[23«792_"r dx
Obtain— ¥ + [2ve” ™ dx

Attempt integration by parts and reach +x’¢®™ +2xe’> ™ +2¢*~

Obtain —x?e*™ —2xe** —2¢*™*
Use limits 0 and 2 having integrated twice
Obtain 2e* 10

Question 15

Ml

M*]

Al

DM*1

Al [5]

M1
Al
Bl
M1
Al
Al

Al

M1

Al
Al 3]

*M1

Al

*M1

Al

M1 dep *M

Al [6]



Obtain =2 and ¥ -3 12 Bl
de t+2 dt
Use d—} = &y + g M1
dc dr dr
dy 1
Obtain % = — (37 +2)(t +2) Al
dx 2
Identify value of ¢ at the origin as —1 Bl
5
Substitute to obtain — as gradient at the origin Al [5]
2

Question 16

EITHER: Use correct product rule M1
Obtain correct derivative in any form, e.g. —sinxcos2x —2cosxsin2x Al
Use the correct double angle formulae to express derivative in cos x and sin x,
or cos 2x and sin x M1
OR1: Use correct double angle formula to express y in terms of cos x and attempt
differentiation M1
Use chain rule correctly M1
Obtain correct derivative in any form, e.g. — 6¢cos” xsin x + sin x Al
OR2: Use correct factor formula and attempt differentiation M1
Obtain correct derivative in any form, e.g. — % sin3x— % sin x Al
Use correct trig formulae to express derivative in terms of cos x and sin x, or sin x M1
Equate derivative to zero and obtain an equation in one trig function M1
Obtain 6cos*x =1, 6sin*x=5, tan’ x=5 or 3cos2x=-2 Al
Obtain answer x = 1.15 (or 65.9°) and no other in the given interval Al [6]

Question 17

Use correct quotient or product rule Ml
Obtain correct derivative in any form Al
Equate derivative to zero and obtain a horizontal equation M1
Carry out complete method for solving an equation of the form ae®™ =5, or ae’* = he** MI
Obtain x=1n2, or exact equivalent Al

1
Obtain y = —, or exact equivalent Al 6
3



Question 18

. dx . d .
(i) State d—=—4ac053tsmt,or &~ 4asin®rcost
t

(i)

dr
dy _dy  dx
dx  dr dr

Use

Obtain correct expression for % in a simplified form

Form the equation of the tangent
Obtain a correct equation in any form
Obtain the given answer

State the x-coordinate of P or the y-coordinate of ( in any form
Obtain the given result correctly

Question 19

(i)

(i)

it

State or imply that the derivative of e **is —2¢™**
Use product or quotient rule

Obtain correct derivative in any form

Use Pythagoras

Justify the given form

Fully justify the given statement

State answer x=--71

Bl—

Bl

Ml

Al

M1
Al
Al

Bl
Bl

B1
M1
Al
M1
Al

B1

B1



Question 20

(i) Use the quotient rule
Obtain correct derivative in any form
Equate derivative to zero and solve for x

Obtain answer x = {E , or exact equivalent

(ii) State or imply indefinite integral is of the form k In(1+ x°)

State indefinite integral % In(1+ x*)

Substitute limits correctly in an integral of the form & In(1 + x3)

State or imply that the area of R is equal to %In{l +p)- % In2 , or equivalent

Use a correct method for finding p from an equation of the formIn(1+ p*)=a
or In((1+ p*)/2)=h
Obtain answer p =340

Question 21

Use correct quotient rule or equivalent to find first derivative

. —(l+tanx)sec’ x —sec’® x(2 —tan x

Obtain ( ) 7 ( )
(1+ tanx)

or equivalent

Substitute x :%x to find gradient
Obtain — 3

2
Form equation of tangent at x = %75

Obtain y=- %x +1.68 or equivalent

Question 22

M1
Al
M1

Al

M1
Al

M1
Al

M1
Al

M1*

Al

dep M1*
Al

M1

Al

[6]



(i) EITHER: State correct derivative of sin y with respect to x
Use product rule to differentiate the LHS
Obtain correct derivative of the LHS
Obtain a complete and correct derived equation in any form

d 1]

Obtain a correct expression for— in any form

OR: State correct derivative of sin y with respect to x
Rearrange the given equation as sin y =x/(Inx + 2)and attempt to differentiate
both sides
Use quotient or product rule to differentiate the RHS
Obtain correct derivative of the RHS
dy

Obtain a correct expression for

in any form

dy . ; . >
(ii) Equate d; to zero and obtain a horizontal equation in In x or sin y

Solve for In x
Obtain final answerx =1/¢, or exact equivalent

Question 23
Use product rule
Obtain correct derivative in any form, e.g. cosxcos2x — 2sinxsin2x
Equate derivative to zero and use double angle formulae
Remove factor of cos x and reduce equation to one in a single trig function

Obtain 6sin*x =1, 6cos* x=5or 5tan” x =1

Solve and obtain x = 0.421
Question 24

(i)  State or imply 6xy +3x? % as derivative of 3x’y

dy .
State 3y* L as derivative of »?
Todx

. dy
Equate attempted derivative of the LHS to zero and solve for d;

Obtain the given answer

(ii) Equate numerator to zero
Obtain x = 2y, or equivalent
Obtain an equation in x or y
Obtain the point (-2, —1)
State the point (0, 1.44)

Question 25

Bl
M1
Al
Al
Al
Bl
B1
M1
Al

Al [5]
M1
M1

Al [3]

M1

Al

M1

M1

Al

Al

[6]

Bl

B1

M1

Al

(4]

M1*

Al

DM1*

Al

B1

[5]



State or imply derivative of (Inx)”is

Use correct

Obtain correct derivative in any form, e.g.

2lnx

quotient or product rule

2Inx (Inx)’
2 2
X

X

Equate derivative (or its numerator) to zero and solve for In x
Obtain the point (1, 0) with no errors seen

Obtain the point (e, 4e™)

Question 26

dx
i) State—=1-sin¢
(@ 5

Use chain rule to find the derivative of y

Obtain

Use
dx

dy

dv  cost

— =——— or equivalent
dr 1+sint
Cdy  dx

dr ~ dr

Obtain the given answer correctly

(ii) State or

imply 7=cos' )

Obtain answers x = 1.56 and x = — 0.898

Question 27

EITHER:

OR:

Question 28

dy . N .
State 2xy + x° d_ . or equivalent, as derivative of x*y
X

dy : .
State 67° + 121;:—(1’ . or equivalent, as derivative of 6xy”
X

. - . dy
Differentiating LHS using correct product rule, state term xy(1— Gé) , Oor
equivalent

dy .
State term (y + xé)(x —6y). or equivalent

. dy
Equate attempted derivative of LHS to zero and set d_ equal to zero
X

Obtain a horizontal equation, e.g. 6y* —2xy =0 (from correct work only)
Explicitly reject y = 0 as a possibility py’ —gxy =0

Obtain an equation in x or y

Obtain answer (—3a, —a)

B1
M1
Al

M1
Al

Al [6]

B1
M1
Al

M1

Al
5]

B1

Bl + Bl
(3]

B1

B1

B1
B1

M1*

Al

Al
DM1
Al




(i) | Use the correct product rule M1
Obtain correct derivative in any form. e.g. (2— 29:)&5r +3(2x - x? )e_;’r Al
Equate derivative to zero and solve for x M1
Obtain x = \E —1 only Al [4]
(ii) | Integrate by parts and reach a(2x— .152)&313’r + bJ‘ (2- 2.1&’)13%Jr dx M1*
Obtain 2¢¥* (2x - x°) - 2_[ (2-2x)e* dx , or equivalent Al
Complete the integration correctly, obtaining (12x —2x* — 24)e%x . OT equivalent Al
Use limits x = 0, x = 2 correctly having integrated by parts twice DM1
Obtain answer 24 — 8e, or exact simplified equivalent Al [5]
Question 29
Use correct quotient or product rule M1
Obtain correct derivative in any form Al
o i 1 .
Use Pythagoras to simplify the derivative to Tocose’ or equivalent Al
+COSXx
Justify the given statement, — 1 < cosx < 1 statement, or equivalent Al [4]

Question 30

Use product rule M1
Obtain correct derivative in any form Al
Equate derivative to zero, use Pythagoras and obtain a quadratic equation in tan x M1
Obtain tan® x —atanx+1=0. or equivalent Al
Use the condition for a quadratic to have only one root M1
Obtain answer a = 2 Al
Obtain answer x =47 Al

Total: 7




Question 31

(i . ... _Ins B1
® State or imply derivative is pauid
X
State or imply gradient of the normal at x = e is —+e . or equivalent B1
Carry out a complete method for finding the x-coordinate of O M1
. 2 . Al
Obtain answer x =e+—, or exact equivalent
e
Total: 4
(i1) Justify the given statement by integration or by differentiation B1
Total: 1
il In; M1*
) Integrate by parts and reach ax(Inx)” + bJ.x.j dx
X
Complete the integration and obtain x(Inx)* —2xInx +2x. or equivalent Al
Use limits x = 1 and x = e correctly, having integrated twice DM1
Obtain exact value e — 2 Al
Bl

) . . 1
Use x- coordinate of O found in part (i) and obtain final answer e -2+ —
e




Question 32

® : . . dx i M1
Use chain rule to differentiate x [—\ _ e J
de cosé
dy 2 B1
State —=3-sec” @
de
Use Ll = Y + & M1
dx de de
: dy . 3-sec’ 6 Al
Obtain correct — in any form e.g. /=
dx —tan &
, 2 Al
_dy 8-2 :
Obtain =772 op equivalent
dx tan &
Total: 5
(ii) Equate gradient to —1 and obtain an equation in tan & M1
Solve a 3 term quadratic (tan® 6+ tan6 -2 = 0) in tané M1
: F 37 Al
Obtain 6= and y= T only
4 4
Total: 3
Question 33
State or imply du = —sinx dx B1
Using correct double angle formula. express the integral in terms of « and du M1
Obtain integrand +(2u* —1)* Al
L Al
Change limits and obtain correct integral I (2u* —1)*du with no errors seen
&
Substitute limits in an integral of the form au’ +bu’ +cu M1
Obtain answer % (7- NF) ) . or exact simplified equivalent Al
Total: 6




I(ii) Use product rule and chain rule at least once M1
Obtain correct derivative in any form Al
Equate derivative to zero and use trig formulae to obtain an equation in M1

cosx and sinx
Use correct methods to obtain an equation in cos x or sin x only M1
Obtain 10cos” x =9 or 10sin” x =1, or equivalent Al
Obtain answer 0.32 Al
Total: 6

Question 34
@ State % =4+ 212_1 Bl
Use 2—1 = % + % Ml
Obtain answer L2 = A . Or equivalent e.g. 2 + 2 Al
dx  2#(2¢-1) t 442 _ o

Total: 3
(ii) Use correct method to find the gradient of the normal at 7 =1 M1
Use a correct method to form an equation for the normal at 7= 1 M1
Obtain final answer x+3y—14=0. or horizontal equivalent Al
Total: 3




Question 35

Q) Use quotient or chain rule M1
Obtain given answer correctly Al
Total: 2
(ii) EITHER: (M1
Multiply numerator and denominator of LHS by 1+sin&
Use Pythagoras and express LHS in terms of sec @ and tané M1
Complete the proof Al)
ORI: (M1
Express RHS in terms of cos #and sin &
Use Pythagoras and express RHS in terms of sin & M1
Complete the proof Al)
(iii) Use the identity and obtain integral 2tan 8 + 2sec& — & B2
Use correct limits correctly in an integral containing terms a tan@and b sec M1
Obtain answer 2\5 —%;‘T Al
Total: 4
Question 36
@) Use the chain rule M1
Obtain correct derivative in any form Al
Use correct trigonometry to express derivative in terms of tanx M1
Obtain Y = —Ln; , or equivalent Al
dx 4+tan” x
Total: 4
(i1) Equate derivative to —1 and solve a 3—term quadratic for tan x M1
Obtain answer x=1.11 and no other in the given interval Al
Total: 2




Question 37

Use correct quotient rule or product rule M1
Obtain correct derivative in any form Al
Equate derivative to zero and solve for x M1
Obtain x =2 Al
Total: 4

Question 38
® State or imply y* +3xy° % as derivative of xy’ Bl
State or imply 41’ Y as derivative of p* Bl
Equate derivative of the LHS to zero and solve for% Ml
Obtain the given answer Al
4
(ii) Equate numerator to zero *M1
Obtain y = —2x, or equivalent Al
Obtain an equation in x or y DM1
Obtain final answerx=-1,y=2andx=1,y=-2 Al




Question 39

(1) Use correct product or quotient rule M1
Obtain correct derivative in any form Al
Equate derivative to zero and obtain a 3 term quadratic equation in x M1
Obtain answers x =2++/3 Al
4
(ii) Integrate by parts and reach k(1+x%)e ¥ +/ j xe ™ dy *M1
Obtain —2(1+ x* )e_%Jr + 4] xe ¥ dx, or equivalent Al
Complete the integration and obtain (—18 —8x — 2x> )e_%x , Or equivalent Al
Use limits x = 0 and x = 2 correctly, having fully integrated twice by parts DM1
Obtain the given answer Al
5

Question 40
1) Use correct product or quotient rule or rewrite as 2secx —tanx and differentiate M1
Obtain correct derivative in any form Al
Equate the derivative to zero and solve for x M1
Obtain x=17 Al
Obtain y = 3 Al
5
(i1) Carry out an appropriate method for determining the nature of a stationary point M1
Show the point is a minimum point with no errors seen Al




Question 41

1 : dy e B1
@ State or imply 3%y +x° d_l as derivative of x’y
X
. 2 d'l:' ~ 3 . . 3 B1
State or imply 9xy d_ + 3y~ as derivative of 3xy
X
o dy M1
Equate derivative of the LHS to zero and solve for —
x
Obtain the given answer AG Al
4
(ii) Equate numerator to zero and use x =—y fo obtain an equation inx or in y M1
Obtain answer x=ag and y =—a Al
Obtain answer x=—a and y =a Al
Consider and reject y = 0 and x = y as possibilities B1
4
Question 42
1 : dy o Bl
® State or imply »° +3x° d_l as derivative of xy’
X
. dy e B1
State or imply 4y° d_1 as derivative of y*
X
— dy M1
Equate derivative of the LHS to zero and solve ford;
N
Obtain the given answer Al
4
i) Equate numerator to zero *M1
Obtain y = —2x, or equivalent Al
Obtain an equation in x or y DM1
Obtain final answerx =—1,y=2andx=1,y=-2 Al
4




Question 43

(1) Use correct product or quotient rule M1
Obtain correct derivative in any form Al
Equate derivative to zero and obtain a 3 term quadratic equation in x M1
Obtain answers x =2 ++/3 Al
4
(11) Integrate by parts and reach k(1+ xz)e_%x - EI xe ™ dy *M1
Obtain —2(1 + x* )e_%x + 4I xe ¥ dy . or equivalent Al
Complete the integration and obtain (18 —8x — 2x* )e_%x , or equivalent Al
Use limits x = 0 and x = 2 correctly, having fully integrated twice by parts DM1
Obtain the given answer Al
5
Question 44
(1) State correct derivative of x or y with respect to ¢ B1
Use Y = L2 + Bix Mi
de dr dt
Obtain Y = _AsrRg , or equivalent Al
dx 2+2cos2t

Use double angle formulae throughout M1
Obtain the given answer correctly AG Al
5
(i) | L1 B1

State or imply ¢ =tan (—1/
Obtain answer x = — 0.961 B1
2




Question 45

Use quotient or product rule M1
Obtain correct derivative in any form Al
1 M1*

Equate derivative to zero and obtain a quadratic in tanEx or an equation of the

formasinx=>

Solve for x M1 (dep¥)
Obtain answer 0.340 Al
Obtain second answer 2.802 and no other in the given interval Al
6

Question 46
(1) Bl

: dy .
State or imply 3 _‘V2 3 as denivative of }'3

, dy Bl

State or imply 6xy +3x” a as derivative of 3x’y

dv
OR State or imply 2x(x+3y)+ X’ (1 + 351] as denvative of

x (x+3y)
L dy M1
Equate denvative of the LHS to zero and solve for d_
'
Obtain the given answer Al




(11) Equate denivative to — 1 and solve for y M1~
Use their y = — 2x or equivalent to obtain an equation Ml(dep®)
mxory
Obtamn answer (1, —2) Al

. 3
Obtain answer (\ﬁ .0) Bl
4
Question 47
(1) Use correct product or quotient rule M1 % _ ﬁ}(x . ]) e—%x . e—%x
L. 1
dx e%x
Obtain complete correct derivative in any form Al
Equate derivative to zero and solve for x M1
Obtain answer x = 2 with no errors seen Al
4
() 2 L M=
Integrate by parts and reach a(x+1)e * +bJe 3
Ly Ly Al -Lx -1y -1,
Obtain —3(x+1)e 3 +3fe 3 dx. or equivalent —3xe ¥ +[3e 3 dr—3e
-, 1 Al
Complete integration and obtain —3(x+1)e 3 —9e 3 |
equivalent
Use correct limits x =— 1 and x = 0 in the correct order, MIl(dep~™)
having integrated twice
1 Al

Obtain answer 9¢* —12 . or equivalent

h




Question 48

@ State or imply 3y” % as derivative of )’ Bl
State or imply 3y” + 6xy 3—: as derivative of 3xy’ Bl
Equate derivative of LHS to zero and solve for 3—1 M1
Obtain the given answer Al
Total: 4
(i1) Equate denominator to zero and solve for y Mi1*
Obtainy=0andx=a Al
Obtain y = ax and substitute in curve equation to find x or Mi1(dep¥)

to find y
Obtainx =—a Al
Obtain y = 2a Al
Total: 5

Question 49
® Obtaan =2cos6 + 2cos28 DTE = —-2sin & —2sin 24 Bl
dé dég
Use dy/dx = dy/df + dx/df M1
Obtain correct dy in any e & ¢ 2sinf+2sin 28 Al
dx 2cos @+ 2cos28

3
11) Equate denominator to zero and use any correct double angle formula M1*
Obtain correct 3-term quadratic 1 cos & 1n any form Al
Solve for & depM1*
Obtain x = 3+/3 /2 and y= % . 0T exact equivalents Al
4




Question 50

(1) Use product rule M1*
Obtain correct derivative in any form Al
Equate denivative to zero and obtain an equation in a single trig function depM1*
Obtain a comrect equation. e.g. 3tan x =2 Al
Obtamn answer x = 0.685 Al
5
(1) Use the given substitution and reach a [ (uz —u* )du M1
Obtam correct mtegral with a = 5 and limats 0 and 1 Al
Y /. 15 1 M1
Use correct limits in an integral of the form a Euj —gu”
Al
Obtain answer %
4
Question 51
(1) Use correct quotient or product rule M1
Obtain correct denvative 1n any form Al
Equate numerator to zero M1
Use cos’x+sin’x =1 and solve for sin x Ml
Obtain coordinates x=—7/6 and y =+/3 ISW Al+Al




1) State indefinite integral of the form k& In (2 + sin x) M1~
Substitute limits correctly, equate result to 1 and obtain Al
3lIn(2+sma)-3In2=1
Use correct method to solve for a MI(dep™)
Obtan answer a = 0.913 or better Al

4
Question 52
@ | Obtain £ —2c0s6+2c0526 or & = —2sin6—2sin29 Bl
de de
Use dy/dx = dy/dé + dx/df M1
Obtain c : dy 0 an £ e — 25 6+ 2sin 26 Al
de O e T 0+ 2c0s20

3
(11) Equate denominator to zero and use any correct double angle formula MI1*
Obtain correct 3-term quadratic 1 cos & in any form Al
Solve for & depM1*
: 1 : Al

Obtamn x = 3«!?_:! 2 andy= E . O exact equivalents
4




Question 53

(1) Use product rule M1*
Obtain correct derivative in any form Al
Equate denivative to zero and obtain an equation 1 a single ing function depM1*
Obtain a correct equation, e.g. 3tan"x =2 Al
Obtain answer x = 0.683 Al
5
(1) Use the given substitution and reach a (ug —ut ;}du Ml
Obtain correct integral with a = 5 and limits 0 and 1 Al
o . 1, 5 ) M1
Use correct limits 1n an integral of the form a EuJ ——u
. >
2 Al
Obtain answer 3
4
Question 54
dy . B . Bl
State cos }*E as denivative of sin y
State correct derivative in terms of x and y, e.g. sec’x/cosy Bl
2 Bl
State correct denivative in terms of x, e.g. =5
1—tan"x
Use double angle formula M1
Obtain the given answer cormrectly Al




Question 55

(1) State or mmply dw =—sin x dx Bl
Using Pythagoras express the integral in terms of & M1
Obtain integrand ++/u (1-27) Al
.2 2 il _ Al
Integrate and obtain —Ezﬂ + ?uz . or equivalent

3 1 M1

Change limits comrectly and substitute correctly in an integral of the form au? + bu?
Obtamn answer % Al
6
(11) Use product rule and chain rule at least once Ml
Obtain comrect derivative 1 any form Al + Al
Equate derivative to zero and obtain a horizontal equation in integral powers of sin x and cos x M1
Use correct methods to obtain an equation in one trig function Ml
Obtain tan’x=6_. Tcosx=1 or Tsin°x =6 or equivalent, and obtain answer 1.183 Al
6

Question 56

: : 2 dy e 2 Bl
State or imply 3y~ + ﬁryI as dentvative of 3xy
X
2 GV B ; 3 El
State or imply 3y° % as denvative of 3~
Equate denrvative of LHS to zero, substitute (1, 3) and find the M1
gradient
10 Al

Obtain final answer — or equuivalent




Question 57

[Use chain rule M1
Obtain correct answer 1 any form Al
Question 58
Use correct quotient rule M1
Obtain correct denvative in any form Al
o 1 4 . M1
Equate denvative to E and obtain a quadratic mn In x or (1+ In x)
Reduce to (Inx)* —2Inx+1=0 Al
Solve a 3-term quadratic in In x for x M1
Obtain answer x = e Al
Al

Obtain answer y = % e




Question 59

@ State correct expansion of Sinl (3_17 + x) or sin(3x— x) B1 | BO If their formula retains * in the middle
. N . M1
Substitute expansions in 5 (sin4x+5s1n2x)
L 1,. - Al | Must see the sin 4x and sin 2x or reference to LHS and
Obtain sin3xcosx = > (sin4x+sin2x) correctly RHS for Al
AG
3
@) 1 1 B1B1
Integrate and obtain —Ecos 4x— 1 cos2x
) . o 1 M1 | In their expression
Substitute linits x = 0 and x = g T correctly
) 9 Al | From correct working seen.
Obtain answer —
16
4
W) State correct derivative 2 cos 4x +cos2x Bl
Using correct double angle formula, express derivative in terms of M1
cos2x and equate the result to zero
Obtain 4c0s’2x +c0s2x—2=0 Al
Solve for x or 2x (could be labelled x) M1 | Must see working if solving an incorrect quadratic
1+ Jﬁ The roots of the correct quadratic are -0.843 and 0.593
cos2x=———— Need to getas faras x=___
8 The wrong value of x 15 0.468 and can mmply M1 if comrect
quadratic seen
Could be working from a quartic in cosx:
16cos* x—14cos’ x+1=0
Obtain answer x = 1.29 only Al




Question 60

1) Use the quotient or product rule M1
Obtain correct denivative m any form Al
2e7F Al
Reduce to — —(1 - 7 . or equivalent, and explain why this 1s always negative
3
{(11) Equate derivative to— 1 and obtain the given equation Bl
State or imply u” — 4u +1=0_ or equivalent in e” Bl
Solve for a M1
Obtain answer g = ln(2+-.ﬁ.}| and no other Al
4
Question 61
(1) Use product rule M1
Obtain correct denvative in any form Al
2
(11) Equate denrvative to zero and use correct cos(4 + B) formmula M1
Obtain the given equation Al
2
i) Use correct method to solve for x M1
Obtain answer, e.g. x = 1—123 Al
Al

Obtain second answer_ e.g 1—1?‘{, and no other




Question 62

i(1) Use correct quotient mle M1
Obtain ﬂ =—cosec'x correctly Al
dx

2
(u1) Inteprate by parts and reach axcotx +b[cotxdx *M1
Obtain —xcotx + [cot xdx Al
State +lnsinx as integral of cotx M1
Obtain complete integral —xcotx + Insinx Al
Use correct limits correctly DM1
Obtain i( n+In4) following full and exact working Al
6

Question 63
(1) Use cos(4 + B) formula to express cos3x in terms of tnig functions of 2x and x Wi Nl
Use double angle formmlae and Pythagoras to obtain an expression in terms of cos x M1

only
Obtain a correct expression in terms of cos x m any form Al
Obtain cos3x = 4cos” x —3cosx Al
4
(1) Use identity and solve cubic 4cos’x =—1 forx Ml
Obtan answer 2.23 and no other in the mnterval Al
2




Question 64

: . Bl
State 4xy + 2y’ % or equivalent, as derivative of 2x”y
3 ! - - . - B].
State v~ + 2xy % or equivalent, as denivative of xy~
. dy *M1
Equate attempted denvative of LHS to zero and set E equal to
zero (or set numerator equal to zero)
Rejecty =0 Bl
Obtain y = 4x Al
Obtamn an equation i y (or in x) and solve for ¥ (or for x) 1n terms DM1
ofa
Obtain y =—2a Al




Question 65

(1) State or imply ordmates 1, 1.2116._.. 2.7597... Bl
Use correct formmla, or equuivalent, with 7 =0.6 M1

Obtain answer 1.85 Al

3

(11) Explain why the rule gives an overestimate Bl
1

111) Differentiate using quotient or chain rule M1
Obtain correct derivative in terms of sin x and cos x Al

Equate dertvative to 2_ use Pythagoras and obtain an equation in sin x M1

Obtain 2sin’x +sinx—2=0 Al

Solve a 3-term quadratic for x M1

Obtain answer x = (.896 only Al




Question 66

(1) Use product rule and chain rule at least once M1

Obtain correct derivative in any form Al

Equate denivative to zero, use Pythagoras and obtain an equation mn cos x M1

Obtain cos’x+3cosx—1=0_ or 3-term equivalent Al

Obtain answer x = 1.26 Al

5

(11) Using du = t sin x dv express mntegrand in terms of u and du M1

Obtain integrand e* (u* —1) Al

Commence integration by parts and reach ae” [uz - 1} +bfue" du "Ml

Obtain " (fug —1)—2fue” du Al

Complete integration. obtaining e {u2 —2u+ 1} Al

Substitute limits ¥ = 1 and w =— 1 (or x =0 and x = n ), having integrated DM1
completely

Al

! 4 .
Obtain answer — . or exact equuvalent
e




Question 67

'(a . ] L Bl
@ State or imply 3”4 6xy % as derivative of 3x°
. dy L 3 Bl
State or imply 3}12 Ej as denivative of ¥
. . dy M1
Equate attempted derivative of LHS to zero and solve for =
Obtain the given answer correctly Al
4
'(b) Equate denominator to zero *M1
Obtain y = 2x. or equavalent Al
Obtain an equation in x or ¥ DM
Obtain the point (1. 2) Al
State the point [ﬁﬁ}) Bl
5
Question 68
(a) Use product rule M1
Obtain derivative in any correct form e g 2¢™ (sinx +3cosx)+e™ (cos x —3sin x) Al
Equate denivative to zero and obtain an equation 1n one tnigonometric ratio M1
Obtain x=1.43 only Al
4
(b) Use a comrect method to determine the nature of the stationary point M1
x =142,y =006 >0
T x=144 Y =—007e™ <0
Show that it 1s a maxinmum point Al
2




Question 69

(a) Use quotient or product mle M1
Obtain denivative in any correct form e g —sinx(1+ sinx) —cosx(cos x) Al
(1+sinx)’
Use Pythagoras to simplify the derivative M1
Justify the given statement Al
4
(b) State integral of the form aln (1 +sinx) *M1
State correct mtegral In (1 + sin x) Al
Use limts correctly DM1
Obtain answer ]11% Al
4
Question 70
Use correct product rule M1
Obtain correct derivative in any form, e.g. —sin x sin 2x + 2cos x cos 2x Al
Use double angle formula to express derivative in terms of sin x and cos x M1
Equate derivative to zero and obtain an equation in one trig function M1
Obtain 3sin2x=1,0or3cos 2x=2or 2tan2x=1 Al
Solve and obtain x =0.615 Al
6
Question 71
(a) Use quotient or product rule M1
Obtain correct derivative in any form Al
e (1 +3x*)—x>f12x‘
T (1)
Equate derivative to zero and solve for x M1
Obtain answer 0.577 Al




(b) State or imply du=2+/3x dx, or equivalent B1
Substitute for x and dx M1
Al
Obtain integrand ;, or equivalent
23(1+4)
State integral of the form a tan™ u and use limits u=0 and u = /3 (orx =0 and x=1) correctly M1
. 3 . Al
Obtain answer s T, or exact equivalent
5
Question 72
(a) Use the product rule M1
State or imply derivative of tan*l(% x) is of the form k/(4 + x2), where k= 2 or 4, or equivalent M1
. s (1 2x . Al
Obtain correct derivative in any form, e.g. tan Ex +— e or equivalent
X+
3
. . .1 B1
®) State or imply y-coordinate is E;z
Carry out a complete method for finding p. e.g. by obtaining the equation of the tangent and setting x=0, or by equating the M1
Lo,
gradient atx=2 to 2
Obtain answer p=—1 Al
3
Question 73

: dx : d
State or imply — = 2sin26 or = - 242c0s26
dée de

B1

dy _dy . dx
dx do de

Use

M1

: d 2+2cos26
Obtain correct answer Y _ -
dx 2sin 26

Al

Use correct double angle formulae

M1

. . dy
Obtain the given answer correctly a =cot#

Al



Question 74

(a)

)(b)

Use correct product or quotient rule *M1
Obtain correct dertvative i any form Al
Equate derivative to zero and solve for x DM1
Obtain x = 4 Al
Obtain y =—2¢, or exact equivalent Al
5
Commence integration and reach *M1
2, 1,
a(2-x)e? +E;'j.f.‘ 2 dx
1 1 Al
. —x s —x
Obtain —2(2—x)e 2 —2| e 2 dx
. . , s A1l
Complete integration and obtain 2xe 2
Use correct limits, x = 0 and x = 2, correctly. having integrated DM1
twice
Obtain answer 4¢ ", or exact equivalent Al




Question 75

()

d dv B1
State el sec’ 6 or e —2sinfcos @
dé de
; ; M1
Use 5.6 = L.
dx d@ dé
) Al
Obtain 3—1 =-2sinfcos’ @ from correct working
X
Alternative method for question S(a)
Convert to Cartesian form and differentiate M1
dv  —2x Al
T 7
dx (1 +x° )
Al

. dy : :
Obtain d_1 =—2sinfcos’ @ from correct working
e




(b)

. d . M1
Use correct product rule to obtain 5 (i2 cos’ @sin 49)
Obtain correct derivative in any form Al
Equate derivative to zero and obtain an equation in one trig ratio Al
: 1 Al
Obtain answer x = — —
NE]
Alternative method for question S(b)
: A’y M1
Use correct quotient rule to obtain F
X
Obtain correct derivative in any form Al
Equate derivative to zero and obtain an equation in x” Al
Al

Obtain answer x = —

L2
3




Question 76

\(a) State or imply du = cos x dx B1
Using double angle formula for sin2x and Pythagoras, express integral in M1
terms of # and du.

Obtain integral f2 ( u—1u’ )du Al

Use limits # = 0 and «# = 1 in an integral of the form au’® +bu* . where M1

ab#0

Obtain answer % -
5

(b) Use product rule M1
Obtain correct derivative in any form Al
Equate derivative to zero and use a double angle formula *M1
Obtain an equation in one trig variable DM1
Obtain 4sin’x=1_ 4cos’x=3 or 3tan’x=1 Al

Al

: 1
Obtain answer x = gﬂ:




Question 77

(a) Calculate the values of a relevant expression or pair of expressions at x = 1 M1
andx=15
Complete the argument correctly with correct calculated values Al
2
(b) . . o2 4] _ M1
Use the iterative formula x,,, = 0O equivalent, correctly at least
once )
Obtain final answer 1.20 Al
Show sufficient iterations to 4 dp to justify 1.20 to 2 dp, or show there is a Al
sign change in the interval (1.195,1.205)
3
(c) Use quotient rule M1
Obtain correct derivative in any form Al
Equate derivative to — 8 and obtain a quadratic in e** Mi
Obtain 2(e*)’ —5e +2=0 Al
Solve a 3-term quadratic in e** for x M1
1 Al

Obtain answer x = —In2 | or exact equivalent, only

2




Question 78

(a)

(b)

Use quotient or product rule M1
Obtain correct derivative in any form Al
Equate derivative to zero and solve for x M1
; 1 ; Al
Obtain x = {‘/E and y = = , or exact equivalents
&
4
; . 3 5 1 *M1
Commence integration and reach ax In x+b[x3. = dx
X
. i 1 1 Al
Obtain —— lnx+ :fx_B. — dx
2 > X
: . ; ' Al
Complete itegration and obtain —%x_3 Inx— l.ac_3
Substitute limits correctly, having integrated twice DM1
, L N 1 o Al
Obtain answer ———a > Ina——a™
9 &3 9
Justify the given statement Al




Question 79

a : B1
@) State & 1+ ..
dr t+2
Use product rule M1
: 4 5 Al
Obtain %, e —2(t-1)e™
dt
: ) \ M1
Use d—‘ = & = ﬁ
dx dr dr
Obtain correct answer 1n any simplified form, Al
3-2r)(t+2 .
o B-200+2)
r+3
5
(b) Equate derivative to zero and solve for 7 M1
Al

: 3 : | :
Obtain 7= 3 and obtain answer y = Ee 3, or exact equivalent




Question 80

Use correct product (or quotient) rule M1
. dy i < Al
Obtain F i —5¢* tan” x + 27 tan xsec” x
X
Equate their derivative to zero and obtain an equation in sin x and cos x M1
Obtain 5cosxsinx =2 Al
State answer x =0 B1
Use double angle formula or square both sides and solve for x M1
Obtain answer, e.g. 0.464 Al
Obtain second non-zero answer, e.g. 1.107 and no other in the given interval Al
8
Question 81
(a) Use correct product rule or correct quotient rule M1
Obtain correct derivative in any form Al
Equate 2 term derivative to zero and solve for x M1
3 Al
Obtain answer x =e?
Al

. 3
Obtain answer y= —
2e




'(b)

Question 82

(a)

(b)

1 1y *M1
Commence integration and reach ax3 Inx+5 [x3. —dx
X
2 L Al
Obtain 3x3Inx—3[x3.=dx
X
4 a4 Al
Complete the integration and obtain 3x3 Inx—9x3
. _ _ & ) DM1
Use limits correctly in an expression of the form px3 Inx+gx? (pg#0)
Obtain 18In2 -9 from full and correct working Al
5
Use correct chain rule or correct quotient rule to differentiate x or y M1
3 2 Al
Obtain g B or L ——— V%3
dr 2+ 3¢ dr (2+3;)
) M1
Use Y _Ww A%
dx dr dr
: 2 Al
Obtain answer
3(2+31)
Explain why this 1s always positive Al
: 1 B1
Obtain y =—— whenx=0
|
Use a correct method to form the given tangent M1
Obtain answer 3y =2x—1 Al




Question 83

'(a) Use quotient or product rule M1
Obtain correct derivative in any form Al
Equate derivative to zero and solve for x M1
Obtain answer x =3 Al
4
L da 1 B1
®) State —f = 1 _ Jor dy=2xdu or 2u du = dx
dx 2%
" - Bl
Substitute and obtain integrand -
=1k
Use given formula for the integral or integrate relevant partial fractions M1
. 1.3 Al | OE
Obtain integral — In 1
3 3—u
Use limits « = 0 and « = 2 correctly M1
Obtain the given answer correctly Al
6
Question 84
'(a) Use chain rule to differentiate LHS *M1
; Al
Obtain 1 [1+d‘—})
X+y dx
; , DM1
Equate derivative of LHSto 1 -2 s and solve for &
dx dx
Obtain the given answer correctly Al
4
‘(b) Statex +y=1 B1
Obtain or imply x —2y =0 B1
B1
Obtain coordinates x = % andy = %
3
Question 85
Use chain rule M1 | Allow if not starting with the correct index.

- . dy
Use a correct derivative to obtain a =1 when x=1m

Obtain correct derivative in any form Al dy  secix
eg.—=
dx  2tanx
Use correct Pythagoras to obtain correct derivative in terms of tan x Al dy l+tan’x
eg —=——r="
dr  2+/tanx
B1 | Confirm the given statement from correct work.

Should see at least 2=1.




Question 86

@ State correct derivative of ye** with respect to x B1 236t 4 62 dy
dx
State correct derivative of y*e* with respect to x B1 2ye* dy 1%
dx
L dy M1
Equate attempted derivative of the LHS to zero and solve for &
dy  2ye"—y? A1 | Obtain the given answer correctly.
Obtain —="———— L -1 » N
dx  2y—c* Condone multiplication by 5 and cancelling of ¢
without comment.
'(b) Equate denominator to zero and substitute for y or for e in the equation of *M1
the curve
Obtain equation of the form ae®* =b or ¢y* =d DM1 (e“ =8, = 1) SOl
Obtainx =In 2 Al Accept %lnS ISW
Obtainy =1 Al
4
Question 87
() Use correct product rule M1
Obtain correct derivative in any form Al | dy . B
—=e T —=2xe
dx
Equate derivative to zero and solve for x M1
: 1 1 Al
Obtainx= — andy = —
s 2
4
(b) Use a correct method for determining the nature of a stationary point M1 &>y
- 1-2x ) 1-2x
e.g. o =-2¢ —2(1—21)6
Show that it is a maximum point Al
2




Question 88

B1
State il sin @ or & —sin9+%sin 260
Use Q = Q = ﬁ =

dx deé deé
Obtain correct answer in any form Al . 1
—51n19+551n29
e.g.
2 sin 6

d
Use double angle correctly to obtain ay in terms of

M1 | sin 26 = 2sin § cos 6

. ; : s 1
Obtain the given answer with no errors seen — 2sin* (5 6

Al | AG.

Requires correct cancellation of ALL sin 8 terms and
1
cosf=1- ZSinZ(E 3) seen

SC For incorrect signs, consistent throughout max. BO,
M1, A0, M1, Al

Question 89

(2) Use chain rule at least once

M1

Needs e = Li(ta.n 1)
dr tant dt

dx d
—=(-1 1) —(cost).
aries; (= D)(cos?p) F (cost)
BOD if + and (— 1) (— 1) not seen.
% = sec ¢ tan ¢ (from List of Formulae MF19) M1 Al.

If? = —sec ttanz M1 A0.
FA

. dx
Obtain @ = secftant
t

Al

OE e.g.sint(cos )™ .
dx
Ife.g. D = secxtanx or sec@tané or secttanx, condone
t

recovery on next line.

. d %t
Obtain & _ s
dr tanz

Al

OEeg ——.
sinz cos?
. dy  sec? sec’d

Ifeig: = X or

dr tan x tan6@

5 condone Irecovery on next

line.
dy

s ; o dx :
Only penalise notation errors once in i and 3 if no
t t

recovery.

Y. 5. &

Use :
dx dr dr

M1

Allow even if previous MO scored, but must be using
derivatives.

. cost
Obtain given answer

s

Sl

Al

AG After LA - @ used, any notation error A0.
dx dr dr

Must cancel cos # correctly.




W(b)

State or imply 7 = iﬂ'[ wheny =0

B1

Form the equation of the tangent at y = 0 or find ¢

M1

x=+2 5 % =42 and v =0, their coordinates and gradient

used iny =mx +c.

Obtain answer y = V2x-2

Al

OFEe.g y=v2 (x—+2) IsW.
Allow y = 1.41x — 2[.00] or 1.41(x — 1.41).

3
Question 90
(a) Use correct product rule or quotient rule, and attempt at chain rule M1 e R e sec? x — tanx(ke™)
ke tanx+e " secxor —M——————
(e4x)2
Need to see d(tan x)/dx = sec’ x (formula sheet) and attempt at
Je™, where k£ # 1.
Obtain correct derivative in any form Al , " i e sec? x — tanx(4e*)
—4e M tanx+eMsec’xor ———(——
x52
)
Use trigonometric formulae to express derivative in the form M1 tanx . sinx cosx
- Need to use —— =sinxcosx or tanx = —
fe*sinx cosx sec’x +ae ™ sec’ x or ke """ + e sec’x or . SEEAX . £08X COSX
COS X COS X M1 is independent of previous M1, but expression must be of
sec? x(ke™ sinx cos x + ae™) appropriate form.
Allow instead of sec’ x
cos” x
Obtain correct answer witha=1and b=-2 Al | At least one line of trigonometric working is required from
—4e ™ tanx + e sec’x to given answer
sec? x(1 — 2 sin 2x) ¢ ** with elements in any order.
If only error: 4 sinx cosx =4 sin2x M1 Al M1 AO0.
4
(b) Equate derivative to zero and use correct method to solve for x M1 | | 1 P | "
sin 2x = 5 hence x = = sin~ of orx=tan (2 + \/5)
Allow M1 for correct method for non-exact value.
. 1 Al | [0.262 M1 A0]
Obtain answer, e.g. x = —7
12
. 5 . , . AIFT T —their2x . b
Obtain second answer, €.g. 3 n and no other in the given interval i | if exact values; x must be < 2"

Ignore answers outside the given interval. Treat answers in
degrees as a misread. 15°, 75°.

SC No values found for g and 4 in 4(a) but chooses values in
4(b): max M1 for x.




Question 91

a ) B1
@ State or imply 6xy+3mr2 Z—‘ as derivative of 3x”y
X
) B1 2 ; 23, 241
State or imply 3)” % as derivative of y* Allow B1 Bl for (3"’ dx +)6"3’d’r +3x°dy - 3p*dy[= 0]
Equate attempted derivative of left-hand side to zero and solve to obtain an M1 | Allow if zero implied by subsequent working.
equation with j—l as subject Allow if recover from an extra i—l =... at the beginning
X X
of the left-hand side.
X ) Al 1o dy
Obtain & ¥ +2% correctly AG Accept y' for g -
dx _1'7' ik
4
(b) Equate numerator to zero *M1 | Must be using the given derivative.
Obtain x =— 2y, or equivalent Al | An equation with x or y as the subject SOL
Use x* +3x"y—3" =3 to obtain an equation in x or DM1 | _g;* 4125° - =3 or x* = 3741 =3 orany
equivalent form (do not need to evaluate powers).
Obtain the point (— 2, 1) and no others from solving their cubic equation A1 | Allow if each component stated separately. ISW.
State the point (0, =3B ), or equivalent from correct work B1 | Accept (0, 3/-3), or (0, - 1.44) (-1.44225).
Allow if each component stated separately. ISW.
5
Question 92
Use the correct product rule and then the chain rule to differentiate either M1 | e.g. two terms with one part of

cos® x or v/sin x

3
y 9 . 3 COS” XCOSX
—— = pcos” xsinx/sinx + g———.
dx sinx

Obtain correct derivative in any form A1l A1l | Al for each correct term substituted in the complete

dy 5 : cos® xcosx derivative.
o e = —3cos” xsin xy/sinx F———

dx 24/sinx
Equate their derivative to zero and obtain a horizontal equation with positive M1 | ep —3cos®xsin’x+ Leos'y=0
integer powers of sin x and/or cos x from an equation including +/sinx or

1 . .
using sensible algebra.
A/sinx
Use correct formula(s) to express their equation/derivative in terms of one M1 | Can be awarded before the previous M1.
trigonometric function May involve more than one trigonometric term.
Al | CAO. The question asks for 3 sf.

Obtain 7cos’x =6, 7sin’x =1, or 6tan’x =1, or equivalent, and obtain
answer x = 0.388

Ignore additional answers outside ( 0, %) :
22.2° is AO.




Question 93

k ; B1
@ State or imply 3 y2 g—‘ as derivative of y3
X
s y L B1
State or imply 2y + 2x % as derivative of 2xy
X
Complete differentiation and equate attempted derivative to zero and solve for M1
d)}
dx
. 3% +2y Al
Obtain answer —————
3y 2%
4
(b) Find gradient at either (0, — 2) or (— 2, 0) M1
. Al A1
Obtain answers % and 3
23
Use l;an(Aﬂ) formula to find tana o
Al
Obtain answer tan o :é
& |
3
Question 94
State or imply Lge 2 —sec’t or Ly o 2 ces e s
dr dt sin 2f
Use d_'} = ﬂ = g M1
de dr dt
Obtain correct answer in any form Al
Use double angle formula to express derivative in terms of cos x and sin x M1
Obtain the given answer correctly Al | AG
5

Question 95

Use correct product rule on given expression

*M1

Obtain correct derivative in any form

Al | e.g.cosxsin2x+2sinxcos 2x

Use correct double angle formulae to express derivative in terms of sinx and
cosx

*M1

Equate derivative to zero and obtain an equation in one trig variable

DM1 | dependent on the 2 previous M Marks.

Obtain 3sin“x =2, 3cos’x =1 of tan’x=2

Al | OE

Solve and obtain x = 0.955

Al | 3 sfonly.
Final answer in degrees is AO.
Ignore any attempt to find the corresponding value of y.




Question 96

Use correct product or quotient rule

Obtain correct derivative in any form

Al

Equate their derivative to zero and solve for x DM1
Obtainx =6 Al
Obtain y = —3e2 A1l | Or exact equivalent.
5
Question 97
2 B1 | OE
@ Obtain e & + 2™
dr
dy dy dr Ml | dy 2t+1
Use —=—x— e
dx dr dx dv e’ (1+21)
. . dy i Al | AG Need to see ¢¥ (1 + 2¢) in denominator.
Obtain the given answer a =g 2
3
b B1
® Obtainx = —e™ or 7% andy=3atr=—1
e
: . 2 1 Bl
Obtain gradient of normal = —e ™~ or ——
o)
x = 0 substituted into equation of normal or use of gradients to give B1 Equation of normal y 3= _e? ( xffe’z) ’
=3 7% with no errors AG
& SC Decimals B0 B1 BO —0.135 .
3
Question 98
Use the product rule correctly *M1 | »° d/dx(Inx) + d/dx(x*) lnx.
Obtain the correct derivative in any form Al 3

eg 132 lx.

X

Equate derivative to zero and solve exactly for x

DM1

Reaching x = ¢“.

; 1 1 ;
Obtain answer (— 7%—] or exact equivalent

Ty

Al

ISW




Question 99

1
Use the product rule correctly to obtain p(x +5)(3—2x)" +q(3 - 2x)?

*M1

Allow with incorrect chain rule.
BOD over sign errors unless an incorrect rule is quoted.

Obtain correct derivative in any form

Al

1 1

eg —(x+3)(3-2x%) 2 +(3-2x)2.

Equate derivative to zero and obtain a linear equation

DM1

Allow with surd factor e.g.

1

(3-2x)7 (~(x+5)+(3-2x))=0.

Obtain a correct linear equation.

Al

eg. (x+5)+3-2x=0.

2 13«/5]_

Obtain answer | ——,
3 9

Al

5
g

: 2 1341
Or exact equivalent e.g. {77

)=
3733 5 a7 )

Accept with x, y stated separately. ISW

Alternative Method for Question 10(a)

Obtain y* and differentiate

*Ml1

Ignore their left hand side i.e. z‘heir%yz :

Obtain correct derivative in any form Al |eg —6x? —34x-20.
Equate derivative to zero and solve for x DM1
2 Al |1 —5if :
Obfin 2 gnore —5 if seen,
3
. 2 13439 Al \ 2 13413 2 2197
Obtain answer | ——, only Or exact equivalent e.g. | ——, or | —=, "
379 3733 37 27
ISW
5
Question 100
sk dy 1_2¢ing B1 | Ignore left sidg Th.roughout dx/de, dy/dt, dx, dy
e but must see o for final A1.
dx
Use correct quotient rule, or product rule if rewrite x as cos 6( 2 —sin ) ! M1 | Incorrect formula seen MO A0 otherwise BOD.
dx 7(27sin6)gin6+ cos® @ Al | —sin 0(2 —sin &' — cos 0(2 —sin @) (— cos 6) or
Obtain — = o.e. ivalent
16 (Z—sinB)z equivalent.
¥ _d dx M1\ [y o 1-2sing
dx d6 de < =(1-2sin6) s ——— .
dx (2—sin®)
Allow M1 even if errors in both derivatives.
2 A1l | AG — must see working in above cell to gain final Al.

Obtain L =(2-sing)".
dx

Allow cos? @ + sin® 6= 1 to be implied.
x instead of @or missing @ more than twice on right side
then A0 final mark.




Question 101

(@

(b)

(2)

()

. dy L N Bl , e dy of
State or imply 6 ya as the derivative of 3y Allow y" for a’ throughout. Accept B =6x+4y.
¢ iy
) dy o Bl o
State or imply 4xdj +4y as the derivative of 4xy Accept ——=4x+6y .
5 _ dv M1 dv . 5 S P 5
Equate derivative of LHS to zero and solve for a Allow an extra; in front of their differentiated equation.
Allow 1f ‘=0 1s implied but not seen.
a
dy re
Allow ¥ = & .
dx o,
oy
dy 3x+2y Al | AG — must come from correct working.
Obtain & 2x+3y The position of the negative must be clear.
4
dy . ) A *M1 | Must be using the given denvative.
Equate o to —2 and solve for x in terms of y or for y in terms of x
. = Al | Seen or implied by correct later work.
Obtain x=—4y or y :72
. . . X . . DM1 | Allow unsimplified.
Substitute theirx=—4y or their y = ~4 in curve equation
Obiin, = ii o x— ii Al | Or exact4equivalent. 1
7 7 Or x=—=and y = ——= or exact equivalent.
V7 J7
Obtain both pairs of values Al + 1 .
Or x=———= and y =—= or exact equivalent.
NN E
A1l AO for incorrect final pairing.
5
Question 102
: ) dy B, - 2 B1 4 0
State or imply 2xy+x~ o as derivative of x~y Accept partial: e —2xy.
¢ x
2 d}" 2 = i 19 B1 z 0 2
State or imply 2aya as derivative of ay Accept partial: ™ —>x"—2ay.
" )
" dy M1
Equate attempted derivative to zero and solve for E
dy 2xy Al | AG
Obtain answer = = Lz from correct working
x  Zay—«x
4
State or imply 2ay —x* =0 *M1
Substitute into equation of curve to obtain equation in x and a or in y and a DM1 5 X 5 P
eg 2ay’ —ay’ =4a’ or —-"—=44>.
2a 4a
Obtain one correct point Al eg. (2a, 2g) ]
Obtain second correct point and no others Al |eg (72{1’ Za) .
4 | SC: Allow A1 AO for x =+2a or for y =2a.









