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Appendix A

Answers

1.9709_s20 MS_ 21 Q: 2

Substitute x =2 and equate to zero M1
M1
Substitute x = —% and equate to zero
Al
Obtain 4a+5+66=0 and ia+b—%=0 or equivalents ‘
Solve a relevant pair of linear simultaneous equations DM1
(Dependent on at least one M mark)
Obtain ¢ =-19, b=10 Al
5
2.9709_s20 MS_21 Q: 4
(a) Draw two V-shaped graphs with one vertex on négative ¥saxis and one vertex on positive x-axis M1
Al
Al
3
(b) of 3x different or solve non-modulus equation (3x + 2a)* = (3x — 4a)* M1
Al
Al
3
BIFT
© State x < %a (FT from part (b))
1

287
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3.9709_s20 MS_22 Q: 5

(a) Draw V-shaped graph with vertex on positive x-axis B1
Draw (more or less) correct graph of y=3x+35 B1

2

(b) State equation 3x+ 5= —(2x—3) or corresponding inequality Bl
Attempt solution of linear equation / inequality where signs of 3x and 2x are different M1

Al

State answer x < —%

Alternative method for question 5(b)

Square both sides of equation / inequality and attempt solution of 3-term quadratic equation / inequality M1
. 2 Al
Obtain (eventually) only -3
2 Al
State answer x < —;
3

4.9709 w20 MS_21 Q: 1 \

Answer Mark Partial Marks

Use correct logarithm property to simplify left-hand side alent method

Use correct process to obtain equation without logarithms

Obtain ZX*1_¢2 1] OE
x—
Obtain 5= 3% *1 Al | OE
e —2
4
5.9709 w20 MS 21 Q:2
Mark Partial Marks
Substitute x=- *M1
*M1
x4 +2b—48=0 or equivalents Al
ear simultaneous equations DM1 | Dependent at least one M mark
Obtain a = Al
5
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6.9709 w20 MS 21 Q: 4

289

Answer Mark Partial Marks
@ State or imply non-modulus equation (2x-57 =(x+6)" or pair of B1
linear equations
Attempt solution of 3-term quadratic equation or of pair of linear M1
equations
Obtain — % and 11 Al
3
(b) Apply logarithms and use power law for 2= = k where k >0 M1
from (a)
Obtain —3.46 Al | AWRT
2
7.9709 w20 MS 22 Q:3
Answer Mark ks
(a) Draw V-shaped graph with vertex on positive x-axis B1
Draw straight line graph correctly positioned with greater gradient B1
2
M1
® Solve linear equation with signs of %x and %x different
1 SNENRTAS
or solve non-modulus equation [E x— aJ = {Ex - Eaj to obtain
x=
. 3 Al
Obtain x=—a
4
. 5 Al | And no other point
Obtain v==a
8
3
(c) 3 B1 FT | Following their (single) x-coordinate from part (b)
State x<—a
4
1
8. 9709 m19

Y

A g

* Answer Mark Partial Marks
Solve non-modular equation (2x +3)> =(2x—1)* or linear equation with signs of 2x different M1
Obtain x=—1 Al
Substitute negative value into expression and show correct evaluation of modulus at least once M1
Obtain 5—3=2 with no errors seen Al
4
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9.9709_ml19 MS 22 Q: 4

APPENDIX A. ANSWERS

Answer Mark Partial Marks
@ Carry out division at least as far as 2x” + kx M1
Obtain quotient 2x” +3x +4 Al
Confirm remainder is 5 Al | Answer given; necessary
detail needed
3
(i) State or imply equation is (2x+1)(2x* +3x+4)=0 B1 f;f their quotient from part
)
Calculate discriminant of 3-term quadratic expression or equivalent M1
Obtain —23 or equiv and conclude appropriately Al
3
10. 9709 _s19 MS_21 Q: 2
Answer Mark ial Marks
@ State or imply non-modular inequality (3x—5)* <(x+3)* or B1 om only one linear inequality
corresponding equation or pair of different linear equations/inequalities
Attempt solution of 3-term quadratic equation/inequality or of two t get as far as 2 critical values
different linear equations/inequalities
Obtain critical values 4 and 4
State answer % <x<4 or equivalent If given as 2 separate statements, condone omission of ‘and’
or m but penalise inclusion of ‘or’ or v
(ii) Attempt to find » (not necessarily an integer so far) fros M1 | 0/2 for trial and improvement
3% = or < their positive upper value from part (i) o
30l — or< 3 x their positive upper value from
Conclude 12 Al
2
11. 9709 _s19_MS_21 Q:
nswer Mark Partial Marks
(i) M1 | Allow synthetic division for each— must result in an equation
from each division
M1 | Allow unsimplified
—24 and @ —b =48 or equivalents Al | Allow one error in each equation
Solve a relevant pair of simultaneous linear equations M1 | Dependent at least one M mark
Obtain a =12, b=-36 Al
5
(1) Divide by x—2 at least as far as the x term to obtain M1 | For synthetic division need to see 5 and their a+10 in the
5x* + (their a+10)x... bottom line
Obtain 5x° +22x+8 Al
Obtain (x —2)(5x+2)(x+4) Al | If solved using a calculator and then forming factors, must be
correct for full marks
3
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12. 9709 _s19 MS 22 Q: 1
Answer Mark Partial Marks
Substitute —1 into p(x) and equate to zero M1 | Allow algebraic long division or the use of an identity with the
remainder, in terms of m and £, equated to zero

Obtain —4+ (k+1)+m+3k =0 or equivalent Al
Obtain m =3—4k Al

3

13. 9709 _s19 MS 22 Q: 2

Answer Mark Partial Marks
@ State or imply non-modular equation (4+2x)* =(3—5x)* or pair B1
of linear equations
Attempt solution of 3-term quadratic eqn or pair of linear equations M1
Obtain —, 3 Al SC B1 for x:—% from ion
3
(i1) Attempt correct process to solve e*” =k where & >0 from (i) M1
Obtain 0.282 and no others Al
2
14. 9709 w19 MS 21 Q: 1
Answer Mark Partial Marks
6] State or imply non-modular inequality (2x —7)% < (2x— sponding M1
equation or linear equation (with signs of 2x diffe;
Obtain critical value 4 Al
State x <4 only Al
3
(i) ritical value from part (i) M1
Al
2
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15. 9709 w19 _MS_21 Q: 4

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(1) Substitute x =2, equate to zero and attempt solution M1
Obtain a=4 Al
2
(i1) Divide by x—2 at least as far as the x term M1 | By inspection or use of identity
Obtain 4x? +12x+9 Al
Conclude (x —2)(2x+3)° Al | Each factor must be simplified to integer form
3
(i) Attempt correct process to solve e =k where k>0 ML | por y= (h] k)z
Obtain 0.48 and no others Al | AWRT
2

16. 9709 w19 _MS_22 Q: 1

Answer

Mark

Divide at least as far as the x term in the quotient

Obtain at least x” —3x

Obtain x* —3x+3 and remainder 5

Partial Marks

e of (x° +2)(x2 +ax+b)+cx+d

17.9709_mil8_MS_22 Q: 1

Answer

Mal

rk

Partial Marks

EITHER:

81

M1

Al

And no others

A1)

PN

from graph, inspection, equation

(B1

5 similarly

B2

State answer x<—3. x>1

B1)

'.'-.’:‘
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18. 9709 mi18 MS_22 Q: 4

293

Q"’Q

Answer Mark Partial Marks
(i) Substitute x =—3 and simplify M1
Obtain —108+36+87—15=0 or equivalent and conclude Al
2
(i) Attempt either division by x+3 to reach at least partial quotient 4x + kx M1
or use of identity or inspection
Obtain quotient 4x? —8x—35 Al
Conclude (x+3)(2x—5)(2x +1) Al
3
(iii) Identify 2" =3 B1 | Ignoring other values at this stage
Apply logarithms and use power law for 2" =c¢ where ¢ >0 M1
Obtain # =1.32 Al | And no other values
3
 /

N
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19. 9709 s18 MS 21 Q: 6

Answer

APPENDIX A. ANSWERS

Partial Marks

@) Substitute x =—2 and equate to zero

Obtain —8+4a—28+a+1=0 or equivalent and hence a=7

Attempt either division by x+2 and reach partial quotient 1 | Synthetic division:
x* + kx , where k is numeric or use of identity or inspection or synthetic ) 1 7 14 8
division
-2 -10 -8
1 5 4 0
Obtain quotient x* +5x+4 soi
Conclude with (x+1)(x+2)(x+4)
(ii) Either
State 2x+D(2x+2)2x+4)=3(x+1D(x+2)(x+4) 1 | Following their complet: ed form

Obtain x=-1 and x=-2

-

Calculator not ps sary detail needed

Cancel common factors to obtain linear equation or factorise to find
corresponding factor

Obtain x=% or equivalent

or

State 2x+D(2x+2)2x+4)=3(x+1(x+2)(x+4) or
(2x) +7(2x) +14(2x) +8=3(x* + 74 +14x + 8)

ywing their completed factorised form,
ust see 8x° and 28x° if using second statement without
bracketed terms in 2x

Expand and simplify to obtain 5x° + 7x* —14x-16=0

Attempt complete factorisation of cubic with leading t (m
use of synthetic division)

Must be equated to 0 for Al
1 | Synthetic division:
-2 5 7 -14 -16
-10 6 16
5 -3 -8 0

Obtain (x+1)(x+2)(5x—8) =0 and conc w=-2 x=%

[

Calculator not permitted so necessary detail needed
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20. 9709 _s18_MS 22 Q: 1

295

Answer Mark Partial Marks

Either

State or imply non-modular inequality (3x—2) < (x+5)® or corresponding B1

equation or pair of linear equations

Attempt solution of 3-term quadratic equation or of 2 linear equations M1

Obtain critical values —2 and I Al

State answer —3 <x <1 Al

Or

Obtain critical value £ from graph, inspection, equation Bl

Obtain critical value —2 similarly B2

State answer —3 <x <7 Bl
4

21.9709_s18_MS_22 Q: 3

Answer

Partial Marks

Carry out division and reach at least partial quotient of form x* + kx

Obtain quotient x* —2x+2

Obtain remainder 1

Al | AG; necessary detail needed and all correct

(i)

State equation as (x* +6)(x* —2x+2)=0

B1FT | Following their 3-term quotient from part (i)

Calculate discriminant of 3-term quadratic or equivalent

M1

Obtain —4 and state no root, also referring to no rof

Al | AG; necessary detail needed
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22. 9709 _wi8 MS_22 Q: 1

APPENDIX A. ANSWERS

Answer Mark Partial Marks
Either
State or imply non-modular inequality (3x —5)% < 4x? or corresponding B1 | gc: common error (3x 75)2 <2x?
equation or pair of linear equations
Attempt solution of 3-term quadratic equation or solution of 2 linear M1
equations
Obtain critical values 1 and 5 Al 15+352
Critical values 77 or 3.15, 1.13 allow B1
State correct answer 1<x <35 Al _
82 A s vesis
Max 2/4
Allow M1 for (7:15)(){15)
Or
Obtain x =35 by solving linear equation or inequality or from graphical B1 | Allow B1 for 5 seen, maybe.in an inequality
method or inspection
Obtain x =1 similarly B2 | Allow B2 for 1 se inequality
State correct answer 1<x <5 B1
iR /

23.9709 ml17 MS 22 Q: 6

&

S

Answer Mark Partial Marks
@) Substitute x =-2 and equate to zero M1
Substitute x = 2 and equate to 28 M1
Obtain —9a+4b+34=0 and 7a =0 or Al
equivalents
Solve a relevant pair of's aneous equations for a or » M1
Obtain a =6, b= Al
Total: 5
(ii) equivalent, at least as far as kx* +k,x M1
L 2
X ?l Al
.

Al
Total: 3
(ii1) Refer to, or clearly imply, fact that 2” is positive M1

State one A1 | following 3 linear factors

from part (ii)

Total: 2
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24. 9709 s17_MS_21 Q: 2

297

Answer Mark Partial Marks
State or imply non-modulus inequality (4— Jc)2 < (3- 2):)2 or corresponding M1
equation, pair of linear equations or linear inequalities
Attempt solution of 3-term quadratic equation, of two linear equations or of two M1
linear inequalities
. B 7 Al
Obtain critical values —1 and 3 SR Allow B1 for x < -1 only orx > % only if
first M1 is not given
_ 1 Al
State answer x £ —1, x > 5 Do not accept %(x <-lor-1>x )% for A1
Total: 4
25. 9709 _s17_MS_22 Q: 1
Answer Mark &rtial Marks

State or imply non-modulus equation (x + 4:1)2 =(2x-5a )2 or pair of linear equations

Bl

Attempt solution of quadratic equation or of pair of linear equations

M1 if % and 6 seen

Obtain, as final answers, 6a and a

3
26. 9709 _s17_MS_22 Q: 6
Answer Mark Partial Marks
1) Evaluate expression when x=-2 M1
Obtain 0 with all necessary detail present Al | Uge of f(x)= (x+2)(ax2 byt c) to find a, b
and ¢, allow M1 A0
Use of £(x)=(x+2)(ax’ +bx+c)+d to find
a. b and ¢, and show d =0, allow M1 Al
Carry out division, t least as far as x* and x terms in quotient M1
Al
+2)(2x+5}(3x77) Al
Total: 5
() ufed . M1
stitution x =— or equivalent
Obtain —§, -2, 3 Al
Total: 2
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27. 9709 _wil7_MS_21 Q: 5

APPENDIX A. ANSWERS

Answer Mark Partial Marks
@) Substitute x = -2 and equate to zero *M1
Substitute x =2 and equate to 40 *M1
Obtain —8a+4b-64=0 and a+1b=2 or Al
equivalents
Solve a pair of simultaneous equations for a or DM1 | Needs at least one of the two
for b previous M marks
Obtain a =12 and 5 =40 Al
5
(i1) Attempt division by (x+2) or inspection at M1 @
least as far as foc? + mx
Obtain 12x* +16x +5 K
Conclude (x+2)(2x+1)(6x+5)
3
28. 9709 w17 _MS_22 Q: 2
Answer Mark Partial Marks

Solve 3-term quadratic e a pair of M1 | For M1, must square both sides
linear equations when attempting a quadratic
equation
Al
one value of x (less than 4) M1
, showing correct evaluation
producing only one answer in
*
»Q) eac
.
—8 and 6 and no others Al
4
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29. 9709 w17 _MS 22 Q: 4
Answer Mark Partial Marks
(1) Substitute x =—3 into either p(x) or q(x) and M1 | Allow long division, but the
equate to zero ( may be implied) remainder needs to be independent
of x
Obtain a=-11 Al
Obtam b=-8 Al
3
(11) Divide x+3 into expression for q(x)—p(x)( *MI1 | Allow *M1 for their x° +3x + 36,
may be a four term cubic equation), or Obtain a but must have integer values for a
3 term cubic equation by subtraction and b
Obtain x* —3x+12 or x> —2x—5 and Al
2x? —5x+7
Apply discriminant to quadratic factor of DM

q(x) —p(x) or equivalent

Obtain —39 or equivalent and conclude

appropriately
4
30. 9709 _ml6_MS 22 Q: 1
Attempt division at least as far as quotient 2x* @ M1
Obtain quotient 2x* —x +2 Al
Obtain remainder 6 Al [3]
Special case: Use of Remai @give 6 B1
31. 9709 _ml6_MS_22
. *9 - N 2 :
Either &aw im ular inequality (x—5)" <(2x+3) or
correspondin linear equations B1
Attempt so n of 3-term quadratic equation or of 2 linear equations M1
Obtain critical values —8 and % Al
2
State answer x< -8, x> g Al
Or Obtain critical value —8 from graphical method, inspection, equation B1
S 2 ..
Obtain critical value 3 similarly B2
2
State answer x<—8, x> 3 Bl [4]
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32.9709_s16_MS_21 Q: 4

APPENDIX A. ANSWERS

(i) Carry out division, or equivalent, at least as far as 8x” + kx M1
Obtain correct quotient 8x? +14x—15 Al
Confirm remainder is 5 Al [3]

(ii) State or imply expression is (x+ 2)(...their quadratic quotient...) B1Y
Attempt factorisation of their quadratic quotient M1
Obtain (x+2)(2x + 5)(4x—3) Al [3]
(iii) State +2 and no others, following their 3 linear factors B1/ [1]
33.9709 s16 MS_ 22 Q: 2
(i) Carry out division, or equivalent, at least as far as quotient 2x + & M1
Obtain quotient 2x —3 Al
Obtain remainder —25x+18 0 Al [3]
(ii) Subtract remainder of form ax+b (ab#0) from 2x° —7x* —9x+3 or mul
their quotient by x> —2x+35 M1

Obtain p=16 and g=-15

34.9709_s16_MS_22 Q: 3

(i) State or imply non-modular equation (3u+1)* = (2u—5)

of linear equations

Attempt solution of 3-term quadratic equation

Obtain —6 and %

(ii) Evaluate tan'I% for at least one of their

Obtain 0.896

35.9709 w16 MS 22 Q:

Obtain -3 and 7

L/

\ Al [2]

rresponding pair

B1
f@ equations M1

Al [3]
@s k from part (i)

M1
Al 2]

ion (0.4x—0.8)* =4 or
ing pair of linear

tic equation or pair of linear

B1

M1

Al

[3]

SR One solution only — B1

Must see some evidence of attempt to solve the
quadratic for M1 for at least one value of x

For a pair of linear equations, there must be a
sign difference

If extra solutions are given then A0
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36. 9709 wl6_MS 22 Q:4
(i) | Substitute x =—1 and simplify M1 Allow attempt at long division , must get down
to a remainder
Allow M1 if at least 2 numerical values of a
are used
May equate to (x + 1)(Ax2 +Bx+ C) +R -
allow M1 if they get as far as finding R
Obtain —4+a—a+4=0 and conclude Al Must have a conclusion - allow ‘hence
appropriately shown’, or made a statement of intent at the
start of the question
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, |
(i) | Substitute x =2 and equate to —42 and attempt to
solve M1 May equate to (x—2) (sz +Bx+ C) , must
have a complete meth getasfaras a= ...
to obtain M1
Obtain a=-13 Al
_________________________________________________________________________________ IR .../ A
(iii) | Divide p(x) with their g at least as far as &
4x* + kx Ml (\
Obtain 4x* —17x+4 Al
Obtain (x +1)(4x —1)(x —4) or equivalent if x*
already involved If (x+1)(4x —1)(x—4) seen with no evidence
of long division then allow the marks
Obtain (x* +1)(2x — D(2x + 1)(x —2)(x + 2)
|[4]
37.9709 _wl6_MS 23 Q:4
(i) | Substitute x= M1
Obtain a=2 Al 2]
(i) | Divide by tas faras x” + kx M1
Wain Al
o Galeulate t of 3-term quadratic expression or equivalent M1
Obtain —1 onclude appropriately Al 4]
(iii) | Use logarithms with power law shown in solving 6" =1 M1
Obtain —0.387 Al [2]
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38.9709 s15 MS_21 Q: 4

APPENDIX A. ANSWERS

(i) Substitute x=-2 in f(x) and equate to zero to obtain —8+4a+5 =0 or equiv Bl
Substitute x=—-1 in g(x) and equate to —18 M1
Obtain —1+b —a=-18 or equivalent Al
Solve a pair of linear equations for a or b DMI
Obtain a=5, b=-12 Al [5]

(i) Simplify g(x)—f(x) to obtain form kx? + ¢ where k <0 Ml
Obtain —17x* + 7 and state 7, following their value of ¢ AN [2]

39. 9709 s15_MS 22 Q: 2

(i) Substitute x=-2 into expression and equate to zero M1
Obtain —32+4a+ 2(a+1)—18=0 or equivalent Al
Obtain a=38 zAl [3]

(i) Attempt to find quadratic factor by division, inspection, ... M1
Obtain 4x” -9 Al
State (x+2)(2x—3)2x+3) Py Al [3]

40. 9709 _wi5 MS 21 Q: 6 0
(i) Carry out division at least as far as quotient x* + kx M1
Obtain partial quotient x* +2x Al
Obtain quotient x? + 2x +1 with no errors seen Al
Obtain remainder 5x + 2 Q Al [4]
(ii) Either Carry out calculation involvin and their remainder ax + b M1
Obtain p=7,9g=4 Al
Or Multiply x* — x +4 byt e-term quadratic quotient M1
Obtain p=7,q=4 0 Al [2]
(iii) Show that discri x+4 is negative B1
Form equation * +2x+1)=0 and attempt solution M1
Showdthat ives one root x = —1 Al [3]
L o4 ®
41. 9709 w15 _MS_237Q: 4

(i) Attempt division, or equivalent, at least as far as quotient 3x* + kx M1
Obtain partial quotient 3x* +11x Al
Obtain complete quotient 3x” +11x + 20 with no errors seen Al
Confirm remainder is 39 Bl [4]

(ii) State or imply (x-2)(3x* +11x+20)=0 B1
Calculate discriminant of quadratic factor or equivalent M1
Obtain —119 or equivalent and confirm only one real root Al [3]

?‘]’PapaCambridge



T‘:_']’PapaCambridge

303
42,9709 _s20 MS_21 Q: 1
Use correct logarithm property to produce one term on LHS M1
Use correct process to obtain equation without logarithms M1
+1 1 Al
Obtain i 4 or equivalent and hence x = 3
X
3
43.9709 s20 MS_22 Q: 1
Apply logarithms to both sides and apply power law at least once M1
3In9 Al
Rearrange to the form y = x OE
In2
Obtain £=9.51 Al
3
44. 9709 520 MS_22 Q: 4 L J
State or imply equation is ny=In4 -2plnx B1
Equate gradient of line to —2p M1
Obtain —2p=-2.6 and hence p=1.3 Al
Substitute appropriate values to find In 4 M1
Obtain In 4=1.252 and hence 4=3.5 Al
Alternative method for question 4
State or imply equationis Iny=In4-2plnx B1
Substitute given coordinates to obtain 2 sing m.. uations and solve to obtain 3.5p M1
Wl
Al
M1
Al
5

kX2
45.9709 w20 MS' 22 G

Answer Mark Partial Marks
Use 2°*** =4x2* Bl | OE
Solve equation for 2°* M1
Obtain 2°* =43 Al
Apply logarithms and use power law for 2 =k where k>0 M1
Obtain 1.809 Al | AWRT
5
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APPENDIX A. ANSWERS

46. 9709 ml19 MS_ 22 Q: 3
Answer Mark Partial Marks

State or imply equationis Iny=In 4+ px+p Bl

Equate gradient of line to p M1

Obtain p=0.75 Al

Substitute appropriate values to find In A M1

Obtain In4=1.335... and hence 4=3.8 Al

5

47.9709_s19 MS_21 Q: 1
Answer Mark Partial Marks

Use logarithm subtraction property to produce logarithm of quotient

M1

Factorise at least as far as x(x> —4) and x(x—2) or use correct algebraic
long division to obtain a quotient of x+2 and a remainder of 0 from
correct working

plication of log property
actorisation then use of

Obtain final answer In(x+ 2) using correct process

48.9709_ w19 MS 22 Q: 2

Partial Marks

(&)

different linear equations

Answer ®Mark
State or imply non-modular equation (4x +35)% = (x — of Bl

(i)

P

Atten_lpt solution of 3-term quadratic eq linear M1
equations
Obtain % and —4 Al | SC For x =—4 only, from correct work, allow B1
3
law for 2* =k where k>0 M1
Al | AWRT
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49. 9709 w19 MS 22 Q: 3
Answer Mark Partial Marks
Iny=lnk+alnx B1 | SOI
Equate gradient of line to a M1
Obtain a=-1.39 Al | OE
Substitute appropriate values into a correct equation to find Ink M1
Obtain Ink=4266... and k=712 Al | SC1 for gradient = —1.39 and no other relevant working
Alternative method for question 3
Iny=Ink+alnx B1 | SOI
396=Ink+022a M1 | For one correct equation
243=Ink+1.32a M1 | For a second correct equation and attempt to solve to find one
unknown
Obtain a=-1.39 Al | OE
Obtain Ink=4266... and k=712 SC1 for gradient = —1.39 relevant working
Alternative method for question 3
&% =kx022" and &** =kx1.32°
Apply a correct method to obtain a
Obtain @ =-1.39
Substitute appropriate values into a correct equation to find &
Obtain k=712

50. 9709 _s18 MS 21 Q: 1

Answer Mark Partial Marks

Attempt to solve quadratic equation in e* M1 | Either directly or using substitution u = &*

Al | o= =%, e" =27 may be implied if u=e" is stated

Use correct process a solving e* =¢ where ¢ >0 M1

Obtain —In3 from Al | condone use of x =¢*

Al
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51.9709_s18_MS 21 Q: 2

APPENDIX A. ANSWERS

Answer Mark Partial Marks
Either
State or imply equation Iny=In4+InBlnx B1
Equate gradient of line to In B M1
Obtain In B =1.6486... and hence B=35.2 Al
Substitute appropriate values to find In 4 M1
Obtain In4=1.2809... and hence 4=3.6 Al
Or
State or imply equation Iny=In 4 +InBlnx B1
Use given coordinates to obtain a correct equation B1 | Equations are 4.908 =In A+2.2InB and

11.008=In4+59InB

Use given coordinates to obtain a second correct equation and attempt to M1
solve both equations simultaneously to obtain at least one of the

unknowns In4 or InB

Obtain InB=1.6486... and hence B=5.2 Al
Obtain In4=1.2809... and hence 4A=3.6 Al

Or

Use given coordinates to obtain a correct equation

Use given coordinates to obtain a second correct equation

Solve to obtain B

B=52

A=36

e4.908 :ABZ.Z and e11.0(!8 — ABS.D

mark dependent on both previous B marks

52.9709_s18_MS_22 Q: 4

@

PN

Mark

Partial Marks

B1

M1

6 or equivalent

Al | With no logarithms involved

M1 | Dependent on previous M1

; finally, no other solutions

Al

(i)

Apply logarithms and use power law for 2" =k or 2“*' =2k where k>0

M1

Obtain 2.585

Al
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53.9709 w18 MS 21 Q: 1

307

Answer Mark Partial Marks
@ State or imply non-modular equation (9x —2)* =(3x+2)” or pair of linear B1
equations
Attempt solution of quadratic equation or of 2 linear equations M1
Obtain 0 and % A1 | SC: B for one correct solution
3
(i) Apply logarithms and use power law for 3* =k where & >0 M1 | Must be using their answers to part (i)
Obtain —0.369 Al
2

54. 9709 w18 MS 22 Q: 2

Answer Mark
Recognise 9 as (3%)° or 3> B1
Attempt solution of quadratic equation in 3* *M1
Obtain, finally, 3* =15 only Al
Apply logarithms and use power law for 3* =k where k>0
Obtain 2.465 x
ay be done using 92, same processes
5

55.9709_ml7 MS_22 Q: 1

Mark Partial Marks

*M1

*M1

x +5) or equivalent without logarithms

Al

atic equation

DM1 | dep *M *M

=15 only

Al

Total: 5
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56. 9709 _m17_MS_22 Q:3

Answer Mark Partial Marks

(1) State or imply non-modulus inequality (2x —5)* <(x+3)* or B1
corresponding equation or pair of linear equations

Attempt solution of 3-term quadratic inequality or equation M1
or of 2 linear equations

Obtain critical values £ and 8 Al
State answer 2 <x<8 Al
Total: 4
(ii) Attempt to find y from In y = upper limit of answer to part (i) M1
Obtain 2980 Al
Total:

57.9709 s17 MS 21 Q: 1 g\

Answer 0‘! rk Partial Marks
Take logarithms of both sides and apply power law to both sides M1 Allow y— logs for M1 A1
4log3
Al
Rearrange to the form y = %x or equivalent
Obtain m=0.366 Al

@ Total: 3
58. 9709 s17 _MS 22 Q: 2 @
nswer Mark Partial Marks

d apply power law *M1

Al

DM1 | dep *M

Al | Allow greater accuracy

Total: 4
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59. 9709 s17_MS_22 Q: 5
Answer Mark Partial Marks
State or imply Iny=In K —2xlna Bl
EITHER:
Obtain —0.525 as gradient of line M1
Equate their —2Ina to their gradient and solve for a M1 | Allow 2Ina = their gradient for M1
Obtain a=1.3 Al
Substitute to find value of K M1
Obtain K =8.4 Al)
OR:
Obtain two equations using coordinates correctly (M1
Solve these equations to obtain 2lna or equivalent M1
Obtain a=1.3 Al e
Substitute to find value of K M1
Obtain K =8.4 Al)
Total: | > 6
60. 9709 w17 _MS 21 Q: 1
Answer ark Partial Marks
Use subtraction or addition property of *M1
logarithms
3x Al
=e¢ or cquwalc
presence of logarlthm
DM1
Al
4
-
X4
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61.9709_wl7_MS 21 Q:3

APPENDIX A. ANSWERS

Answer Mark Partial Marks
Take logarithms of both sides and apply power M1 | Condone incorrect inequality
law signs until final answer. The
first 6 marks are for obtaining
the correct critical values.
. In80 . . Al
Obtain 2x < 1 or equivalent using log,,
nl.
Obtain x=8.35... Al
State or imply non-modulus inequality Bl
(3x—1)* > (3x—10)" or corresponding equation
or linear equation 3x—1=—(3x—10)
Attempt solution of inequality or equation M1 %
(obtaining 3 terms when squaring each bracket
or solving linear equation with signs of 3x
different) L/
Obtain x =4 or x=1.83... 1
Conclude 1.83 <x <835 Al
o :
62. 9709 w17 _MS 22 Q: 1
Ans 0 Mark Partial Marks
Introduce logarit des and use *M1
power law
5=4xlog2 or equivalent Al | Allow Al for poor use of brackets
if recovered later
TUS tion for x DM1 | dep *M
PO
+@ ob Al | Allow 3 sf or better
4

63. 9709 _ml16_MS 22 Q:3

Use 2lnx=Inx?
Use law for addition or subtraction of logarithms

Obtain x* = (3+x)(2 - x) or equivalent with no logarithms
Solve 3-term quadratic equation
Obtain x =2 and no other solutions

B1
M1

Al
M1
Al [5]

T-.i"
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64. 9709 _s16_MS_21 Q: 3

311

Rearrange to 3e™ —14e* +8 =0 or equivalent involving substitution B1
Solve quadratic equation in ¢* to find two values of e* *M1
Obtain 2 and 4 Al
Use natural logarithms to solve equation of form e* =k where £ >0 dep on DM1
Allow M mark if left in exact form M1
Obtain —0.405 Al
Obtain 1.39 Al [6]
65. 9709 _s16_MS_ 22 Q: 1
Use power law for logarithms correctly at least once M1
Obtain 3xlogS=4ylog7 or 3xIn5=4yIn7 or equivalent Al
Obtain 1.612 Al [3]

66. 9709 w16 _MS_21 Q: 1

@ Carry out method for solving quadratic equation in 3" L J M1
Obtain at least 3" =7 \ Al
Use logarithms to solve an equation of the form 3" =& wh & M1
Obtain 1.77 Al [4]
(ii) State +1.77, following positive answer from part (i B [[1]
67.9709 _wl6_MS 21 Q:2
State or imply Iny=In A+ px B1
Equate gradient of line to p M1
Obtain p =0.32 Al
Substitute to find 4 0 M1
Obtain 4=4.8 Al
B1
M1
M1
Al
Al
OR 2:
317 = 4057 or e*7 — 4e'®P B1
Correct attempt to obtain p M1
Correct attempt to get A M1
Obtain 4=4381 Al
Obtain p=0.32 Al [5]
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68. 9709 w16 _MS 22 Q: 2

APPENDIX A. ANSWERS

(i) | Use 47 =2% B1
Attempt solution of quadratic equation in 2 M1
Obtain finally 2” =7 only Al
____________________ 31
(i) | Apply logarithms to solve equation of form
27 =k where k>0 M1
Obtain 2.81 Al
[2]

Must be using their positive answer for (i)

69. 9709 w16 _MS 23 Q: 2

State or imply Iny=InK + plnx B1
Calculate gradient of line M1
Obtain p=1.35 Al
Substitute to find K L/ M1
Obtain K =7.11 or K=7.12 !‘\ Al [5]
70. 9709 w16 _MS_23 Q: 6 @:
@) | State &=L @ Bl
Use product rule for derivative of y M1
Obtain 2¢tInt+¢ or equivalent Al
& _d
Use &-=2+2 M1
Obtain (¢ +1)(2¢Int +£) Al | [5]
M1
Al 2]
B1
B1 2]
71. 9709 _s15_MS_
(i) State or imply equation (3x+4)* =(3x—11)* or 3x+4=—3x—11) Bl
Attempt solution of “quadratic’ equation or linear equation Ml
Obtain x = G or equivalent (and no other solutions) Al [3]
(i) Use logarithms to solve equation of form 2” = their answer to (i) ( must be + ve) M1
Obtain 0.222 (and no other solutions) Al [2]
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72.9709_s15_MS_21 Q: 2

313

State or imply that Iny =In A+ p(x—1) Bl
Equate gradient to p or obtain two equations for In4 and p M1
Obtain p=0.44 Al
Substitute values correctly, to find value of In 4 DMI
Obtain 4=3.2 Al [3]
Alternative:
Obtain an equation either e'® = de” or ¢** = 4e*” Ml
Obtain both equations correctly Al
Solve to obtain p =0.44 Al
Substitute value correctly to find 4 DM1
Obtain 4=3.2 Al [5]
73.9709_s15 MS 22 Q: 1
(i) Introduce logarithms and use power law 011
Obtain x=21.6 Al [2]
(ii) Obtain or imply —21.6 or -21 as lower value P B1

State 43

74.9709_s15 MS_22 Q: 7

\ Bl [2]

. . .4
(a) Differentiate 4Iny to obtain —x L2 Bl
y dx
. . . dy
Differentiate 6xy to obtain 6y +6x— Bl
dx
. dy
Substitute 1 and 1 and solve for — 0 Ml
dx
. 9 .
Obtain T or equivalent Al [4]
(b) Obtain & o2 a BI
dr
. .. -1 dy
Obtain derivative 1) 2 for m M1
Obtg'g’cgrect Al
Identify‘ia.le of Bl
Obtain expressiont for Ey correctly,with numerical value of # substituted M1
Obtain —% or exact equivalent Al [6]
75.9709_wl15_MS 21 Q: 1
Introduce logarithms and use power law twice M1*
Obtain (x+3)log5=(x—-1Dlog7 or equivalent Al
Solve linear equation for x M1 dep
Obtain 20.1 Al [4]
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76. 9709 w15 MS_22 Q: 1

APPENDIX A. ANSWERS

(i) Either  Square both sides to obtain three-term quadratic equation M1
Solve three-term quadratic equation to obtain two values M1
Obtain —1 and 7 Al
Or Obtain % from graphical method, inspection or linear equation B1
Obtain —1 similarly B2 [3]
(i) Use logarithmic method to solve an equation of the form 5 =k where k>0 M1
Obtain 0.526 and no others Al [2]
77.9709 _wls MS 22 Q:3
State or imply that In y=InK +mlInx B1
Form a numerical expression for gradient of line M1
Obtain —1.39 or —1.4 zAl
Use their gradient value and one point correctly to obtain intercept M1
Obtain value for In K between 4.26 and 4.28 Al
Obtain K =71 or K =72 or value rounding to either with no error noted Al [6]
®
78. 9709 _wl5 MS 23 Q:2
(i) Either  State or imply non-modulus equation (2x +3)* =( orresponding pair
of linear equations B1
Solve 3-term quadratic equation or 2 linear equati M1
Obtain x=—1 and x=5 é Al
Or Obtain x =5 from graphical method, inspe , equation, ... B1
Obtain x =—1L similarly B2 [3]
(i) Use logarithms to solve equation o Y=k where k>0 M1
Obtain 2.32 0 Al [2]
79. 9709 s20 MS 21 Q:
(a) p t rule to obtain ax® cos 2x — by sin 2x M1
| o A1
tive to zero and confirm x = 1.5x% cot2x AG Al
3
® Consider sign of x—3/1.5x% cot2x or equivalent for 0.59 and 0.60 M1
Obtain —-0.009... and 0.005... or equivalents and justify conclusion Al
2
(c) Use iteration correctly at least once M1
Obtain final answer 0.596 Al
Show sufficient iterations to 5 sf to justify answer or show sign change in interval [0.5955, 0.5965] Al
3
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80. 9709 s20 MS_22 Q: 6

(a) Substitute x =-3, equate to zero and attempt solution for a M1
Obtain a=17 Al

2

(b) Divide by x+3 at least as far as the x term M1
Obtain 6x* —x—1 Al
Conclude (x+3)(3x+1)(2x-1) Al

3

(c) Attempt solution of sin@ =k where -1 <k 1 M1
Obtain 199.5 Al

Obtain 340.5 Al

3

81.9709_ w20 MS 21 Q: 6

Answer

(a)

Use sin28 =2sin&cos &

Obtain sin & = %

®

Use correct identity or identities to find value of sec@

Obtain % or exact equivalent
35

(©

Use correct identity or identities to find value of

M1

Obtain % or exact equivalent

Al
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82.9709 w20 MS 22 Q: 1

APPENDIX A. ANSWERS

Answer Mark Partial Marks
B1 | SOIL
Use cotd = (:5)753 and cosecf = L
siné sin@
Simplify to obtain cosé =k where 0< k<1 M1
. 3 . ) Al
Obtain cosé= 7 and hence @ = 64.6 and no other solutions in the
range
Alternative method for question 1
Use identity cosec’8 =1+ cot’ 8 B1
Simplify to obtain tan@=Fk; or sin€ =k, where 0<k, <1 M1
. 1 . 1 Al
Obtain tan& = ;m or siné = 7\]@ and hence & =64.6 and no
other solutions in the range
3

<

83.9709_ml19 MS 22 Q: 1

 /
Answer Mark Partial Marks
Use identity sec> @ =1+ tan> @ B1
Attempt solution of quadratic equation to find two values of tan @ M1
Obtain tang =1, 3 Al
Obtain 71.6 and 153.4 and no others between 0 and 180 Al
4
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84.9709 s19 MS_21 Q: 7

317

85.9709_s19 MS_22 Q: 7

Answer Mark Partial Marks
i Bl
@ State or imply cosec26 = ;
2sinfdcosd
Attempt to express left-hand side in terms of sin & and cosé only M1
Simplify to confirm cosec’@ AG Al
3
(ii) Use identity to express lefi-hand side in terms of sin30 or cosec30 M1
. 2 Al
Obtain — or 2cosec30 and confirm 4 AG
sin30
2
1ii) *M1 | Allow sign errors
(i) Solve quadratic equation of the form kcosec? % + cosecg -12=0 or &
caf P L - Al
12sin" ~—sin——k =0 correctly for cosecl¢ or sini¢ to find two
2 2
values of sinl¢ or cosec}¢
Obfain sintg=—1 1
Use correct process to find at least one correct value of ¢ from
sinfg=+4, +1
Obtain any two of —331.0, —29.0, 38.9, 321.1
Obtain all four values and no others between —360 and 360

Answer Mark Partial Marks
(a)(@) State R=~/32 or equivalent or 5.657... Bl
Use appropriate trigonometry to find & M1
Obtain & =45 Al
3
(a)(ii) M1
Obtain 17.1 A1l | Ignore other positive values greater than 17.1
2
(ORI Bl
Use identity of form tan2x= ﬂ—tan;r to obtain equation in tanx M
l+tan” x

Obtain 6tan” x+10tanx—4=0 or equivalent Al
Attempt solution of 3-term quadratic equation for tanx M1

Obtain tanx =1 and hence 0.32 Al | Allow greater accuracy

Obtain tanx =—2 and hence 2.03 and no others between 0 and 7T Al | Allow greater accuracy
6
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86. 9709 w19 MS 21 Q: 6

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(a) Express equation as 1 5 B1 | OE; May be implied by subsequent work
cosasing
Attempt use of identity for sin2ea or attempt to obtain a quadratic equation in M1 | From equation of form sin2er =k where 0<k <lor
terms of any one of the following: from use of correct identities
sin’ @, cos’ @, cot’ @ or tan’ &
Obtain sin2a =2 or a correct 3 term quadratic equation, equated to zero in any Al
one of the following:
sin’ @, cos’ @, cot’ ¢ or tan’ &
Attempt correct process to find at least one correct value of « M1
Obtain 8.3 and 81.7 and no others between 0 and 90 Al
5
(b) Simplify left-hand side to obtain 2sin fcos20° Bl
Attempt to form equation where tan £ is only variable, tan £ =3 M1
Al | OE
Obtain tan 5 = 3
cos20°
Obtain #=72.6 and no others between 0 and 90
87.9709 wl9 MS_ 22 Q: 8
Answer a Partial Marks
@ | State R=13 or % B1 | Not 1.69
Use appropriate trigonometry to find & M1 | AWRT +1.18rads, AWRT +0.391rads, AWRT +67.4°,
AWRT +22.6°
Obtain 67.38 with no errors seen Al | AWRT
3
(11) Carry out correct meth of & between 0 and 360 M1
Obtain 240.6 (or Al
second value of &between 0 M1 | Must be using either degrees throughout or radians throughout
for M marks
4 Al
X4
4
(iif) ssion as [3—2Rcos(d + &) M1
Obtain [3—2x(~1.3)]* and hence 31.36 or 31.4 Al
Obtain [3—2x1.3F and hence 0.16 Al
3
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88.9709_wil8 MS 21 Q:3

Mark

319

Partial Marks

State ! = _3
cos’8 sin

or1+tanzi9:_i
e sin @

B1

Produce quadratic equation in sin @

M1 | Dependent on B1

Solve 3-term quadratic equation to find value between —1 and 1 for sin 6

M1 | Dependent on first M1

Obtain sin@=1(-1++37) and hence 57.9 Al
Obtain 122.1 and no others between 0 and 180 Al
5
89. 9709 wl8 MS 22 Q: 7
Answer Mark
(1) Substitute _% and simplify M1 | Allow use of identity a tor of 2x+ 3 to obtain a
quadratic factor. Ne of 4 equations to verify
i lusion. Allow verification by
ing a remainder to obtain a
ainder of zero. Need to see use of 4
x 1 for conclusion. Allow verification by
se of long division , must reach a remainder of zero
Obtain —.27 +9+15+3 or e.qn.ivalent, hence zero and conclude , may have powers of ,% evaluating for Al
explanation at start of working G: necessary detail needed
(1) Use cos26=2cos” 81
. . 6cosd—35 . M1
Simplify acos’8+b= beose—o to polynomial form
2cos@+1
Obtain 8cos® &+ 4cos>@—10cosb+3=0 Al | AG:; necessary detail needed, must be completely correct
with no poor use of brackets for Al
3
(iii) Attempt either division by 2x 2 4 kx or *M1 | Or equivalent using cosé or ¢
use of identity or inspectiol
Al | Or equivalent
Al | Or equivalent, may be implied by later work
st one value between 0 and 360 M1 | Dependent *M
Al | SC1: Equation solver used to obtain 60 and 300 and no
others, then 5/5
SC2:Equation solver used to obtain 60 then 4/5
SC 3: cos@=0.5, (c056=71.5] seen implies first 3 marks.
5
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90. 9709 _mi17_MS_22 Q: 2

Answer Mark Partial Marks

® Use identity cotf = tarll 5 Bl

Attempt use of identity for tan26 M1

Confirm given tan’ 6 =2 Al

Total: 3

(i1) Obtain 40.9 B1

Obtain 139.1 B1

Total: 2

91.9709_s17_MS_21 Q:5
Answer Partial Marks

(1) State R=3 Allow marks for (1) if seen in (i1)

Use appropriate trigonometric formula to find &

Obtain 48.19 with no errors seen

(1) Carry out evaluation of cos™ 1(=70.528...) @

M1 for cos™ 1
R

Obtain correct answer 118.7 Al
Carry out correct method to find second answer M1
Obtain 337.7 and no others between 0 and Al
Total: 4
92. 9709 w17 _MS_21 Q:
Answer Mark Partial Marks
L 2

PN ‘ cos’ -1 B1

Ocos® @ =4 or equivalent B1

Use correct process to find at least one value of Ml

@ from equation of form &, cos® @ =k,

Obtain 42.5 Al

Obtain 317.5 and no others between 0 and 360 Al

5
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93.9709_s16_MS_21 Q: 2

Use cotf =1+tand B1
Form equation involving tan ¢ only and with no denominators involving & M1
Obtain tan® =2 Al
Obtain 28.1 Al
Obtain 151.9 Al [5]

Allow other valid methods

94. 9709 _s16_MS_22 Q: 4

(i) State sin@cos60+ cos@sin 60+ sin@cos120+ cosFsin120 *B1

Use sin60=sin120=1+3 and cos60=5, cos120=—1 *B1
Confirm result v/3 cos@, dependent on *B *B DB1 [3]

(ii) (a) cos45 seen *B1
State \E or %\/E or exact equivalent, dependent *B @3] [2]

(b) Carry out correct process to find at least one value of @ from cos®> @ =k M1

Obtain 40.6 ® Al

Obtain 139.4 \ Al [3]

95.9709 wl6_MS 21 Q:7

(1] Substitute x =—3, equate to zero and obtain 2 &r equivalent B1
Substitute x=-2 and equate to 18 M1
Obtain 8a +2b =6 or equivalent

Solve a relevant pair of linear equations for @ and M1
Obtain a =2 and b=-5
2

(i) (a) | Attemptdivisionby x+3 a ras 2x° + kx M1

Obtain quotient 2x* —3 Al
Calculate discrimi uadratic expression, or equivalent M1
Al [4]
(b) | State cos *B1
Obtain B1
0 others between —180 and 180, dependent *B DB1 |[3]
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96. 9709 w16 MS 22 Q: 7

(i) | Use correct addition formula for either

cos(8 ++7) or, after diffn, sin(6 + L) B1 Condone ‘missing brackets’
Differentiate to obtain :—; of form
k sin@+k,cos@ or ksin(@++) M1
Divide attempt at % by attempt at 45 M1

ENE 3

~3B6ing - 3cosd
Obtain S R i or equivalent Al
4cosf

Simplify to obtain —2(1++/3 tan ) Al

(ii) | Identify =0 B1 SOl 0

Substitute 0 into formula for % and take negative be implie or 3.6

reciprocal M1

2
o )
Mu correct (i)
Obtain gradient of normal £ Al {

Form equation of normal through point

(0,1+38) M
Obtain y = %x +1+ % or equivalent
[5]
97.9709_wl6_MS_23 Q: 7
(i) | State B1
cos@
Use identity nd obtain expression of form asin &+ bcosd M1
Al 3]
(ii) | State g their asin &+ bcosd B1/
¢ nometry to find & M1
| o No errors seen Al 3]
(iii) rrect process to find one angle between 0 and 360 M1
Obtain 82.4 or 82.5 Al
Carry out correct process to find second angle between 0 and 360 M1
Obtain 351.3 and no others between 0 and 360 Al 4]
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98.9709_s15_MS_22 Q: 3

(i) Use identity sec? @ =1+ tan* @ Bl
Solve three-term quadratic equation in tand M1
. 5
Obtain at least tan 0:5 Al [3]
(ii) Substitute numerical values into tan(4+ B) identity M1
S+(-1
Obtain -2 5( ) or equivalent, following their positive answer from part (i) Al
-3(-
.3 .
Obtain 7 or exact equivalent and no other answers Al [3]

99. 9709 w15 MS 21 Q: 3

(i) State orimply R =17 B1
Use appropriate formula to find « 1
Obtain 61.93 Al [3]
®

(i) Attempt to find at least one value of 8+ & M1
Obtain one correct value of @(97.4 or 318.7) Al

Carry out correct method to find second answer 0( M1

Obtain second correct value and no others between 0 and 360 Al [4]

100. 9709_wl15_MS_22 Q: 4
(i) Substitute x =2 and equate to zero @ M1
Solve equation to confirm a=—4 Al [2]
(i) (a) Find quadratic factor by division , identity, ... M1
Obtain 6x” —x -2 Al
Conclude (x+2)(3x-2 Al [3]
(b) State or imply a =-2 and attempt solution M1
Obtain 120° aj n range Al 2]
L2
101. 9709 _wilbd
B
(i) State or imply R B1
Use appropriate formula to find « M1
Obtain 41.81° Al [3]
(i) (a) Attempt to find one correct value of 8+« M1
Obtain one correct value (30.7 or 245.6) of & Al
Carry out correct method to find second answer M1
Obtain second correct answer and no others in range Al [4]
(b) State greatest value is 13, following their value of R B1
State least value is 7, following their value of R Bl [2]
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102. 9709 _s20 MS 21 Q: 3

APPENDIX A. ANSWERS

B1
State dr =e' +2e7, & 6e™
dt dt

*M1

Use & = & / de either in terms of 7 or after substitution of =0

de dt dt

Obtain gradient of tangent is 2 Al
Attempt equation of tangent with numerical gradient and coordinates DM1
Obtain y=2x+6 or equivalent Al
5

103. 9709 _s20 MS_22 Q: 2

Differentiate using product rule to obtain ae®* + brel”

. x 3 x
Obtain correct Se! +Exe% OE

*Ml1

Equate first derivative to zero and solve for x DM1
Obtain x-coordinate —2 Al
Obtain y-coordinate —10e™ Al
5
104. 9709 _s20 MS 22 Q: 3

Differentiate cos3x to obtain —3sin3x B1
. . . . dy B1

Differentiate 5siny to obtain 5cosy I
Obtain —35in3x+5cosy%=0 OE Bl
Substitute x and y value: t derivative M1
Al
5

L 2
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105. 9709 w20 _MS_21 Q: 7

Answer Mark Partial Marks
@ | Obtain %:3—2cost and %:5—45:‘11: Bl
Equate expression for % to % M
Obtain 10coss—8sinr=5 Al | AG - sufficient working to be shown.
3
(b) State R =./164 or exact equivalent B1
Use appropriate trigonometry to find & M1
Obtain 0.675 with no errors seen Al | AWRT
3
(c) Carry out correct method to find one value of 1 M1 | Must be using the result from (b)
Obtain 0.495 Al | AWRT
Carry out correct method to find second value of ¢ M1
Obtain 4.44 Al | AWRT
4
106. 9709 w20 MS 22 Q: 5
Answer M Partial Marks
(a) Use product rule to differentiate 2e*y 1 ust be in the form , ye“ " kzeh %
Obtain 4e>y +2e™ L4 Al
dx
Differentiate —y* to obtain 3> % Bl
Obtain ‘Ly _ ﬂ Al | AG
de 3% -2e*
4
®) M1
Attempt to find e through (0, 2) with numerical M1
gradient
Al
3
(<) of derivative to zero and state that at least one of M1
¢ and y cannot be zero
Complete argument Al
2
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107. 9709 m19 MS 22 Q: 7

APPENDIX A. ANSWERS

Answer Mark Partial Marks
@ Obtain & =2-2cos2t B1
Obtain & =5-2sin2t B1
Equate attempt at 2 to 2 and rearrange M1
Confinm equation 2sin2f —4cos2t =1 Al | Answer given; necessary
detail needed
4
(id) State R=~/20 or 447 B1
Use appropriate trigonometry to find M1
Obtain & =1.107 with no errors seen Al
Carry out correct method to find value of 7 M1
Obtain f = 0.666
Substitute value of  between 0 and %:r into expressions for x and y
Obtain x=0.361, y=3.57 1
¢ 7
108. 9709 _s19 MS_21 Q: 3
Answer al Partial Marks
Use product rule to differentiate x* In v M1 | Allow M1 for 2xlny+x’y™" oe
. 1 d Al
Obtain 2xIn y+x° xxY
y dr
B1
Obtain ... +2+5% =0 Bl for +2+ 5% =0, maybe implied by later work
M1 Dependent on at least one % present
Al
(3, 1) with gradient of normal DMI1 | Allow one sign error
Al | FT on their perpendicular gradient
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109. 9709 s19 MS 22 Q: 3
Answer Mark Partial Marks
Use quotient rule to find first derivative or equivalent *M1
. dy 3lnx-3xx i . A1 | Condone lack of brackets in denominator unless specifically
Obtain —== o * equivalent simplified to 21n x
Equate first derivative to zero and attempt value of x from Inx =% DMI1 | Must get as faras x =
oe
Obtain x=¢ Al | Allow e'
Obtain y=3e Al | Allow3e!

SC1: If 3lnx —3xx % = 0 seen with no reference to

% , then allow M1 Al then following marks

SC2: If denominator incorrect and numerator
correct/reversed/added then max marks MOAOM1A1A1
SC3: If numerator reversed then max marks MIAOMIAIA1

110. 9709 w19 MS 21 Q: 3

Answer Mark Partial Marks

ve correct & and v

Use quotient rule (or product rule) to find first derivative

Obtain or (unsimplified) equivalent

1
*(1+1nx)?

Use y=4 to obtain Inx= —% or exact equivalent for x

Substitute for x in their first derivative

Obtain — 46% or exact equivalent Al 1\:;115: be simplified to contain a single exponential

Q"’Q
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111. 9709 w19 MS 21 Q: 7

APPENDIX A. ANSWERS

Answer Mark Partial Marks
@ Obtain —4y — 4x% from use of the product rule B1
. . 2 . dy B1
Differentiate —2y~ to obtain —4y 4
Obtain 2x, =0 with no extra terms Bl
Rearrange to obtain expression for % and substitute x=-1, y=2 M1
_ Al
Obtain Y _Zx-dy OE and hence —3
dv  4x+4y
5
(11) Equate numerator of derivative to zero to produce equation in x and y M1
Substitute into equation of curve to produce equation in x or y M1
Obtain —6y2 =1or 7%)52 =1 OE and conclude Al
3
(iii) Use denominator of derivative equated to zero with equation of curve to produce M1
equation in x
Obtain 3x®> =1 and hence x= i%
112. 9709 w19 MS_22 Q: 5
Answer Mark Partial Marks
Differentiate using the product rule *M1

Must have # and v correct in a correct formula with % =2

1

d L
and & me ?
dr
Obtain correct 2 ¥ — %ef%x 2x+5 Al | OE
Equate first derivative to DM1 | Solution must come from linear terms
Al
Al
4 5
X4
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113. 9709 w19 _MS_22 Q: 7

329

Answer Mark Partial Marks

@ Obtain 4 = 6cos26 B1

Obtain ¥ =4sec’ 20 Bl

Divide & by 4 with @ equatedto 1 M1

Obtain *{ or exact equivalent Al | Allow FT on Al if % =3cos2fand % =2sec’20

4

(1) Equate expression for %’ to 2 with only one trigonometry ratio used *M1 | Either cos26 or sec26

Obtain cos®26=1 or sec’ =3 Al

Attempt correct steps to find a value of & from cos’ 20=m, DM1

O<m<1

Obtain & =0.402and no others within the range Al | AWRT

SC: Allow FTif &=3 =2sec’ 20

114. 9709 _m18 MS_22 Q: 2

Answer

Differentiate using product rule

Partial Marks

Obtaining form & sindx+k,xcosix

Obtain correct 4sintx+2xcostx or unsimplified equivalent

Attempt equation of tangent with numerical value for gr:

Al

DMI1 | Dependent on first M1

Obtain y=4x

Al
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115. 9709 m18 MS 22 Q: 7

APPENDIX A. ANSWERS

Answer Mark Partial Marks
@ Obtain expression for %’ with numerator quadratic, denominator linear M1 (t)r:esquiva]ent where separate derivatives evaluated first when
Obtain 2L =% Al
2t+4
Identify t=3 at P Bl
Obtain 2 or equivalent Al
4
(ii) Equate first derivative to zero and obtain non-zero value of ¢ M1
Obtain =2 Al
Substitute to obtain (12, —4) Al
3
(1i1) Equate expression for gradient to m and rearrange to confirm Bl | AG; necessary detail n
32 —(2m+6)i—4m=0
Attempt solution of quadratic inequality or equation resulting from
discriminant
Obtain critical values —/72 ~9 and 72 -9
Conclude m< —v72-9, m>+72-9

116. 9709 _s18 MS 21 Q: 5

Answer

Mark

Partial Marks

Obtain & = -4sin26+3cos@

Bl

B1 may be implied

d_ & ya H
Use 4 =45/ 45 interms of & or with 1 alre;

M1

dv _ —3sin @

Obtain or imply — = .
dv —4sin26+3

Al

Al

Or greater accuracy 1.252013...

M1

Al

Al
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117. 9709 _s18 MS_22 Q: 2

331

Answer Mark Partial Marks
i M1
@ Differentiate to obtain form ko k
2x+9 x
Al
Obtain correct _2
2x+9 x
Equate first derivative to zero and attempt solution to x =... M1 | Dependent on previous M1
Obtain x=9 Al
4
(ii) Use appropriate method for determining nature of stationary point M1 | Second derivative or gradient or value of y
Conclude minimum with no errors seen Al
2
118. 9709 s18 MS 22 Q: 5
Answer Mark rtial Marks
Use product rule to differentiate first term obtaining form M1
I y? d—ysiuZx +k,y° cos2x
dx
Obtain correct 33> %sin 2x+2y° cos2x
1
State 33° d—’Vsin 2x+2y cos2x+ 4d_y =0
dx dx
Identify x=0, y=2 as relevant point B1
Find equation of tangent through (0, 2) with numerical M1 | Dependent on previous M1
Obtain y =—4x+2 or equivalent Al
6
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119. 9709 w18 MS_21 Q: 5

Answer Mark Partial Marks
@ Use product rule to differentiate y obtaining ke® +k,te™ M1
Obtain correct 3e* + 6re*" Al
L . 1 B1
State derivative of x is 1+ —
f+1
dv dv  dx . . M1
Use —y:—yl— with #=0 to find gradient
dx dr dr
Obtain ¥ =3x or equivalent Al
5
i M1
(i) Equate (}—“: or % to zero and solve for ¢ Allow full marks if correct solution is obtained but %
is incorrect
Obtain f=-1 Al
Obtain x=-1.19 Al
Obtain y=-0.55 Al

120. 9709 wl18 MS 21 Q: 7

Answer Partial Marks

) State expression of form k, cos2x + £, sin2x

State correct 2cos2x —6sin 2x

(ii) State R =40 or 6.324... Following their derivative

Use appropriate trigonometry to find o M1

Obtain 1.249... Al | Allow ¢ in degrees at this point

Equate their Rcos(2x+«) *R) M1

Carry out correct M1 | Dependent on *M1, allow for -0.086....

Obtain 1.979 Al

second value of o within the range M1 | Dependent on *M1

Al | Allow 3.056
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121. 9709 w18 MS 22 Q:3

Answer Mark Partial Marks
Differentiate to obtain 10cos2x B1
Differentiate to obtain —6sec’ 2x Bl
Equate first derivative to zero and find value for cos’ 2x M1
Use correct process for finding x from cos® 2x =k M1
Obtain 0.284 nfww Al | Or greater accuracy
5
122. 9709 w18 MS 22 Q: 4
Answer Mark Partial Marks

Allow unsimplified

Obtain 6ye** +3e2‘% as derivative of 3ye”

Obtain 2 y% as derivative of y2

Obtain 4 as a derivative of 4x and zero as a derivative of 10

Substitute 0 and 2 to find gradient of curve

Obtain —% or -2.29

123. 9709 _m17_MS_22 Q: 4

Answ Mark Partial Marks
Use product rule for derivati @ y M1
Obtain 2xsiny + x* ¢ Al
derivative of cos 3y Bl
cosy:§73sin3y%:0 Al
o y =17 tofind value of % M1 | dep %’ occurring at least
. once

Obtain —4 Al | from correct work only

Total: 6
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124. 9709 _s17_MS 21 Q:7

Answer Mark Partial Marks
(6] Differentiate x and y and form %’ M1
4P —6r +81—12 A1 | First 2 marks may be implied by an attempt at
Obtain Y division
Carry out division at least as far as k¢ or equivalent M1 | For M1, it must be division by a quadratic
factor. Allow attempt at factorisation with
same conditions as for division
Obtain %/ Al
Obtain $/—2 with complete division shown and 1o errors seen Al
Total: 5
(i) State or imply gradient of straight line is 5 Bl Allow BIif :%}H% is seen
Attempt value of 7 from their % = their negative reciprocal of gradient of line
Obtain =0 and hence (1,5)
Total:
125. 9709 s17 MS 21 Q: 8
Answer Mark Partial Marks
(i) Apply product rule to find first derivative *M1
Obtain 6x1n (—é x) +3x or equivalent Al | Allow unsimplified for A1
Identify x=6 atP B1
Substitute their value of x at P into attempt at firs DM1 | dep *M
Obtain 18 Al
Total: 5
(ii) Equate their first derivative to zer olution of equation of form *M1
kln(%x} +m=0
DM1 | dep *M
Al
e form a,e™ and attempt simplification to remove In M1
X4
Al
Total: 5
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126. 9709 _s17_MS 22 Q: 4
Answer Mark Partial Marks

Use quotient rule (or product rule) to find first derivative M1
ax 1x Al

Obtain w or equivalent

(2x+3)

Substitute x =0 to obtain gradient 4 Al
Form equation of tangent through (O,%) with numerical gradient M1
Obtain 10x-9y+3=0 Al
Total: 5

127. 9709 _s17_MS_22 Q: 8

Answer

®

Obtain & =2sin2¢

Obtain % =6sin® fcost —9cos® tsint

Use d_y = d_y / E for their first derivatives
de dt dr

Use identity sin2¢ =2sinfcost

Simplify to obtain 3sinf—2cost with necessary detail present

(i)

Equate ‘fz” to zero and obtain tanz =%

Obtain tanz =3 or equivalent

Substitute value of f to obtain coordinates (2.38,

Al

(iii)

Total:

TS |
Identify r=47

Bl

Substitute to obtain ex

M1

similarly simplified exact equivalent

Al

Total:
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128. 9709 _wi17_MS_21 Q: 6

APPENDIX A. ANSWERS

Answer Mark Partial Marks
) Obtain & = 46 +4e' B1
d
Use product rule to find - M1
2t 2t Al
Obtain L = % or equivalent
dx  4e* +4e
2t 2t M1
Equate first derivative of the form %
ce” +de
to zero and solve to find 7
Obtain 7 =—1 from completely correct work Al @
Obtain (3.16,—0.92) Al
VS 6
(i1) Identify =0
Substitute £ =0 in expression for first derivative 1
and find negative reciprocal
Obtain —£ or equivalent Al
3

129. 9709 _w17_MS_22 Q: 3

Mark

Partial Marks

M1 | If a factor of 0.5 1s missed, can still
get 5/6, penalise at first A1

Al
erivative to zero and produce *M1
Use correct process to find one value of x DM1 | Dep on *M, allow for obtaining

1.609....., 92.2° or 268°

Obtain x =4.67

Al | Allow x =4.67 or better for Al

Obtam y=1.12

Al | Allow y=1.12 from x=4.66 but

nothing else
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130. 9709 _wi17_MS_22 Q: 7

337

Answer Mark Partial Marks

@ Obtain 4y + 4x% as derivative of 4xy Bl

Obtain 4y% as derivative of 22 B1

State 2x + 4y +4x 2+ 4y L =0 B1 | 3rd B1 may be implied by later

& ® work

Substitute x=—1, y =3 to find gradient of line *M1 | dep at least one B1

Form equation of tangent through (-1, 3) with DM1 | dep *M

numerical gradient

Obtain Sx+4y—7=0 or equivalent of required Al

form
(1) Substitute % =1 to find relation between x and M

y

Obtain 4x+ 6y =0 or equivalent

Substitute for x or ¥ in equation of curve

M1 | dep on *M

Obtain —Z)?* =7 or —Zx* =7 or equi % Al
and conclude appropriately
a 4
131.9709_ml16_MS_22 Q: 6
(i) Use product rule to o ssion of form kje™ sin2x +k,e™ cos2x M1
Obtain correct —3¢7 *cos2x Al
Substitute x=0 i ive to obtain equation of form y =mx M1
Obtaim g= 6 ith no errors in solution Al [4]
o4 o
(i) Equate first deriv ero and obtain tan2x=4k M1*
Carry out corre ocess to find value of x dep M1*
Obtain x=0.554 Al
Obtain y=1.543 Al [4]
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132. 9709 _m16_MS_22 Q: 7

APPENDIX A. ANSWERS

(i) State 3y2% as derivative of )’ B1
Equate derivative of left-hand side to zero and solve for % M1
2
Obtain & = 76% or equivalent Al
3y
Observe x* and y* never negative and conclude appropriately Al [4]
(i) Equate first derivative to —2 and rearrange to y* = x* or equivalent B1
Substitute in original equation to obtain at least one equation in x* or )’ M1
Obtain 3x* =24 or x* =24 or 3y° =24 or —)° =24 Al
Obtain (2,2) Al
Obtain (324,-324) or (2.88,-2.88) and no others Al [5]

133. 9709 _s16_MS 21 Q: 1

. - k
Obtain first derivative of form ke* + —2—
2x+3
. o 12
Obtain correct 12¢™ ———
2x+3

Obtain 8

\ M1

0‘ Al
Al [3]

134. 9709 _s16_MS_21 Q: 5

(i) Obtain & =2sec®@ and &= 6c0s20

Use cos26 =2cos” @ —1 or equivalent 0
Form expression for % in terms of

seen

Confirm 6cos* @ —3cos® 0 wikﬁ
(ii) Equate first derivatiye t 0 a tain at least cos@ =+

(iii) State

°

1
Na

B1

B1
M1

Al [4]

B1

Bl
Bl [3]

Bl
Bl [2]
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135. 9709 _s16 MS 22 Q: 7
(i) State % =sins and %’ =—6sin2t Bl
Use sin2¢ = 2sintcost B1
Form expression for % in terms of ¢ M1
Confirm —12cost Al [4]
(ii) Identify 17 asvalue of ¢ B1
Obtain (2,—2) Bl [2]
(iii) Identify cos2r=—1 B1
Attempt to find value of 7 (or of cost) for at least one of the two points M1
Obtain 0.955 (or % Yor2.186 (or —%) Al
Obtain —42 or —4/3 or —6.93 and 2 or 443 or 6.93 Al [4]
136. 9709 w16 _MS 21 Q: 3 %
Differentiate to obtain 4cos2x +10sin 2x VS B1

Equate first derivative to zero and arrange to tan2x=_..
Obtain tan2x=-0.4

Obtain x=1.38
Obtain x = 2.95 and no others between 0 and 7

\ Al
Carry out correct method for finding at least one value %&m *M DM1

*M1

Al
Al |[6]

137.9709_wl6_MS 21 Q: 6
Differentiate 4xy to obtain 4y@ B1
Differentiate 3* to obtain B1
Equate attempt o -hand side to zero M1
Substitute erical value of derivative M1
Obtain — Al
Obtain dient of normal, following their numerical value of derivative Al
rmal at (1, 3) M1
’: :‘ Ob 2 =0 or equivalent of requested form Al [8]
A
138. 9709 _s15 MS 21 Q:3
Differentiate to obtain form pcosx+¢gsin2x or equivalent M1
Obtain correct 6cosx + 4sin2x or equivalent Al
Substitute %7[ to obtain derivative equal to 53 or 8.66 Al
Form equation of tangent (not normal) using numerical value of gradient
obtained by differentiation M1
Obtain y =8.66x—2.53 cao Al [5]
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139. 9709 s15 MS 21 Q: 7
(i) Obtain 3y2% as derivative of y°

Obtain 4y + 4x% as derivative of 4xy

APPENDIX A. ANSWERS

Bl

Bl

Equate derivative of left-hand side to zero and solve for % , must be from

implicit differentiation

. 4
Confirm given answer v _2_y correctly
dx 3y° +4x
(ii) State or imply y=0
Substitute in equation of curve and show contradiction

(iii) State or imply 3)” +4x=0
Eliminate one variable from equation of curve using 3y* +4x=0
Obtain y=-2
Obtain x=-3

Ml
Al [4]

Bl
Bl [2]

Bl

2
Al

Al [4]

140. 9709 _wi15_MS_21 Q: 2

Use quotient rule or, after adjustment, product rule

Obtain 3x=-15=3x-1 32x— !
(x=3)

Equate first derivative to —4 and solve for x

Obtain x-coordinates 3 and 7 or one correct pair of ¢
Obtain y-coordinates —5 and 11 respectively or ot

or equivalent

\\
0 Al
O

Mi1*

M1 dep
Al

T
o:@ of coordinates Al [5]
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141. 9709 w15 _MS 21 Q: 7

(i) Obtain 12sin¢cos? or equivalent for %

(i)

(iii) Attempt solution of 2sin 27+ 3cos 2t = 0 at least as far as tan2¢=...

Obtain 4 cos 2t — 6sin 2t or equivalent for L4

Obtain expression for % in terms of ¢

Use 2sin7cost =sin 2¢

. dy 2 .
Confirm given answer Ey = Ecot 2t —1 with no errors seen

State or imply tan2t = %

Obtain ¢ =0.294
Obtain t =1.865

Obtain tan 2t = —% or equivalent

Substitute to obtain — g

142. 9709 w15 _MS 22 Q:5

)

(ii)

Use product rule to obtain form ke ™" +k,xe™*

Obtain correct 4e™* —12xe™
Obtain x = % or 0.333 or better and no other

°
°

quivalent

Use quotient rule or equivalent
Obtain correct numerator 8x(x+1)—

Equate numerator to zero and s t least one value

Obtain x=-2
Obtain x=0

341

B1
B1

M1
Al
Al [5]

B1
B1

2
M1

V'S Al

*\ Al [3]

M1

Al
Al [3]

Mi1*
Al

M1 dep
Al
Al [5]

*
&

*
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143. 9709 _wi15_MS_22 Q: 6

(i) Either Obtain % =-3sint B1
. dy . .
Obtain m ==2sin(t —¢7) B1
1
Use b = b + de M1
de dr dr
Expand —2sin(7 — %71') to obtain &, sinz+ k, cost M1
Confirm given result %(«/5 —cott) correctly Al
Or Obtain % =—3sint B1
Expand y to obtain k,cost+ k, sint M1
Obtain % =—/3sint+cost or equivalent Al
Use b & + d 1
de dr dt
Confirm given result ;—(ﬁ —cotr) correctly Al [5]

(i) Identify value of 7as 17 only B1

0\
Obtain gradient at relevant point as %\E or 0.577 or better 0‘ B1

Form equation of tangent through (0, 1), using their gradient M1
Obtain y = %\Ex +1 or equivalent Al [4]
144. 9709 w15 MS_ 23 Q: 3

. dx f t .
Obtain m =¢ +(r+1)e’ or equivalent 0 B1
Obtain %’ =Hr+4)? Bl
Substitute 1 =0 and divide to obtai { tangent M1
Obtain 3 following their t Al
Form equation of tange 1,12) M1
Obtain 3x—4y+45= ent of required form Al [6]
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145. 9709 _wl5 MS 23 Q: 7
(i) Use quotient rule or equivalent to find first derivative M1
. 2cos2x(cosx+1)+sin2xsinx .
Obtain ( ) 3 or equivalent Al
(cosx+1)
Use at least one of cos2x =2cos” x—1 and 2x = 2sin xcos x B1
Express first derivative in terms of cosx only M1
. 2cos’x+4cos’x—2 .
Obtain 5 or equivalent Al
(cosx+1)
Factorise numerator or divide numerator by (cosx+1) or equivalent M1
. 2(cos® x+ -1
Confirm given answer (cos” x+cosx—1) correctly Al [7]
cosx+1
(ii) Use quadratic formula or equivalent to find value of cosx M1
Obtain x-coordinate 0.905 Al
Obtain x-coordinate —0.905 and no others in range @1 [3]
146. 9709 _s20 MS_ 21 Q: 6
@
(a) Express left-hand side in terms of sin& and cos@ M1
Obtain 2cos@ —2siné Al
Attempt to express acosf+bsind in Rcos(f+ ) form M1
Confirm R=+/8 AG Al
. 1 Al
Carry out necessary trigonometry and confirm Zn AG 0
5
(b) M1
Carry out correct process to find € from cos| 6
Obtain 0.424 Al
2
© Express integrand l7: or as 2cos%x —25in%x Bl
1 1 M1
n] or t‘c151r15x+k2 cos;x
¢ +ln) or 4sinlx+4coslx Al
4 2 2
3
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147. 9709 _s20 MS_21 Q: 7

APPENDIX A. ANSWERS

(a) Carry out division at least as far as 3x” +kx M1
Obtain quotient 3x> —4x—4 Al
Confirm remainder is 9 AG Al
3
(b) Integrate to obtain at least klx3 and &, In(3x+2) terms *M1
Obtain x° —2x* —4x+3In(3x+2) AIFT
(FT from quotient in part (a))
Apply limits correctly DM1
Apply appropriate logarithm properties correctly M1
Obtain 125+ In64 Al
5
© State or imply 9x° —6x* —20x—8=(3x+2)(3x* —4x—4) 0 BIFT
(FT from quotient in part (a))
Attempt to solve cubic eqn to find positive value of x (or of ) M1
Use logarithms to solve equation of form ¢* =k where k>0 ‘ M1
Obtain %ln 2 or exact equivalent Al
4
148. 9709 s20 MS 22 Q: 7
(@) Integrate to obtain the form & In(2x+1)+ kzxz M1
Obtain correct 2In(2x+1) + 4x” Al
DM1
Al
4
®) Consider sign 0 n(2a+1) or equivalent for 1 and 2 M1
quivalents and justify conclusion Al
*® 2
© M1
Al
Show sufficient iterations to 6 sf to justify answer or show a sign change in the interval [1.3575, 1.3585] Al
3
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149. 9709 520 MS 22 Q: 8
B1
@ Use at least one of sin 28 =2sin&cosé and cotd = cxl)sﬂ
sin@
Use both and conclude 6cos’ 6 AG Bl
2
. 5 M1
® Attempt solution of cos” 8= 5 to find at least one value
Obtain 0.421 Al
Obtain 2.72 Al
3
(c) Express integrand in form a+ bcosx M1
Obtain correct integrand 3 + 3cosx Al
Integrate to obtain px+ gsinx *M1
Apply limits correctly DM1
. . Al
Obtain ii'l', +3- 3 or exact equivalent
4 N
5

150. 9709 w20 MS 21 Q: 3

Answer

Partial Marks

Integrate to obtain form ax + be 2%

Obtain correct 2x — %e’h

Apply limits to obtain %— %e’z

Al

Attempt to find area of relevant trapezium

M1

Obtain 2 +Le
2 2

Al

?’Q'PapaCambridge
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151. 9709 w20 _MS_21 Q: 8

Answer Mark Partial Marks
(a) Differentiate using the quotient rule (or product rule) *M1
. (2x-D(124" +8)—2(4x” +8x—4) Al | OE
Obtain 5
(2x-1)
Equate first derivative to zero and attempt solution DM1
Obtain (0, 4) Al | Allow if given separately
Allow Al if both x-coordinates are given, but y coordinates are
omitted.
Obtain |33 Al
8
5
(b) Carry out division to obtain quotient of form 2x* + kx +m M1 | For non-zero constants &, m
Obtain correct quotient 2x” + x + % Al
Al

Obtain remainder ;—

Integrate to obtain at least k1x3 and £, ln(2x —1) terms M1 | For non-zero co;

9 1 Al

Obtain %JP +%x2 txt Z1|1(2x—l) as final answer --+¢ and modulus signs

152. 9709 w20 MS_ 22 Q: 4

Answer ark Partial Marks
(a) Differentiate using quotient rule (or product rule) *M1
. (P +8)-2x(x-2) Al | OE

Obtain

(x* +8)

Equate first derivative to zero and att ogetx= ... DM1

Al

Obtain 2+ \/E or exact e

(b) . . B1 | Decimal equivalents need to be to at least 2 decimal places
or decimal equivalents
ent, with 7=4 M1
¢ 12 s Al
1 or equivalent and hence 0.78
3
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153. 9709 _w20_MS_22 Q: 6

347

Answer Mark Partial Marks
B1 | SOI
@ Express ———— as 8sec’(4x+1)
cos”(4x+1)
Integrate to obtain the form «In(4x+1) M1
Integrate to obtain Htan(4x+1) M1
Obtain 2In(4x+1)+2tan(4x+1) +c Al | Condone use of brackets rather than modulus signs
4
1 . M1 | F tants wh #0
® Express 4cos’ Ex in the form p +gcosx or constants where pq
Obtain correct 2 +2cosx Al
Integrate to obtain form px+ gsinx+rcos2x *M1 | For constants where pgr # 0
. . 1 Al | Allow 3x + 2x in place of 5x
Obtain correct 5x +2sinx —Ekc052x %
Apply limits correctly, equate to 10 and solve for & DM1
Al | CWO
Obtain £ =8— 21
2
6

154.

9709 _ml19 MS 22 Q: 6

Answer Mark Partial Marks

(a) Integrate to obtain form k, Inx + &, In(2x +1) M1
Obtain correct 2Inx +In(2x+1) Al
Use logarithm addition/subtraction property correctly M1
Use logarithm power property correctly M1

Confirm In48 with no errors seen Al | Answer given; necessary

detail needed

5
(b) Use identity sin 2x = 2sin B1
B1
M1
Al
M1
Obtain correct in2x+4sinx+c Al
6

o gPapaCambridge



* jPPapaCambridge

155. 9709 _s19 MS 21 Q: 4

APPENDIX A. ANSWERS

Answer Mark Partial Marks

(a) Use identity tan® 3x =sec® 3x—1 B1
Integrate to obtain form £, tan3x + k,x M1

Obtain correct {tan3x—x+c Al

3

(b) Express integrand as ™ +4e7" Bl
Integrate to obtain form ksez’ +ke™ M1

Obtain correct L& —4e™ Al

Use limits to obtain 1e” —4e™ + 2 or similarly simplified equivalent Al

4

156. 9709 _s19 MS 22 Q: 4

..

Answer Mark
(a) Use identity 2cos” x=14+cos2x Bl
. 1. B1
Integrate to obtain form x + Esm 2x
Integrate to obtain —2cos2x
Apply limits correctly, retaining exactness Dependent on at least one B mark
Obtain 4 +%z or similarly simplified equivalent 1
5
(b) Use y values In3, +In6, vIn9 or decimal equiv. B1 | Allow awrt 1.05, 1.34, 1.48, the correct level of accuracy may be
implied by a correct answer
Use correct formula, or equivalent, with h values M1
Obtain 4x3(In3 +2In6 ++/n9) Al | Allow greater accuracy
3
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157. 9709 _s19 MS_22 Q: 5

349

Answer Mark Partial Marks
@ Carry out division to obtain quotient of form x* +k M1
Obtain quotient x> —4 A1 | Allow use of an identity
Obtain remainder 4 Al
3 | SC: If only the remainder theorem is used to obtain 4 then B1
(i1) Integrate to obtain at least k,x* and £, In(2x +1) terms using the *M1
result from (i)
Obtain correct 1x* —4x+2In(2x+1) Al
Apply limits and note or imply that constant &, can be written DM1
Ine®
Apply appropriate logarithm properties correctly M1
Obtain In(49¢7) Al %
5

158. 9709 w19 _MS_21 Q: 2

Answer Partial Marks
Expand integrand to obtain 4e** —4e>* +1
Integrate to obtain at least two terms of form ke +kye™ + ksx M1
Obtain correct e —2¢* +x Al
Apply both limits correctly to their integral DM1
Obtain € —3e* +2e +1 Al
5
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159. 9709 w19 _MS_22 Q: 6

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(a) Obtain 3Inx or In(2x) or 31In(kx) Bl
Use subtraction law of logarithms correctly, showing sufficient M1 216
detail ]11216—]118:]1{TJ
Use power law of logarithms correctly M1, lu( kx) _ ]ﬂ( bc)"
Confirm In27 with sufficient working and no incorrect working Al | AG
4
- : 5 : : =
(b Use appropriate identity to express integrand in form k; + k&, cos3x M1 k=0 Allow 2x%x for 3x
Obtain correct 2—2c0s3x Al
Integrate to obtain form /yx +k, sin3x DM1
Obtain correct 2x—2sin3x Al
Use limits to obtain 1w —2 or exact equivalent Al
5 S
160. 9709 m18 MS 22 Q: 3
Answer a Partial Marks
i) Use y-values In2, In4, In6, In8, Inlo0 B1 | Or decimal equivalents
Use correct formula, or equivalent, with ; =2 and five y: e M1
Obtain 13.5 Al
3
(11) Recognise integrand as 61In(x +2) Bl
Obtain 81 or 81.0 or 81.1 B1
2
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161. 9709 ml18 MS 22 Q: 6

351

Answer Mark Partial Marks
(i) Express LHS in terms of sin2x and cos2x and attempt to express in *M1
terms of sinx and cosx
? x —sin’ Al | perh i 2x=2cos” x—1 immediatel
Obtain correct — 1 cos .x sin"x equivalent erhaps using cos2x =2cos” x —1 immediately
2sinxcosx  2sinxcosx
Simplify as far as single terms involving x in numerator and denominator DMI1 | Dependent on first M mark
Confirm cotx Al | AG:; necessary detail needed
4
(i) Express in terms of sinlz and coslz or sinlz and tanlr M1
Obtain 2++/3 Al
2
(iii) State j' sin2xcot2x dx B1 | Condoning absence of dx
State j' cos2x dy B1 | Condoning absence of
Obtain 1sin2x+c B1
3| @

162. 9709 s18 MS 21 Q:3

Answer

Partial Marks

Rewrite integrand as 4e> +4e™

Integrate to obtain form lclch +kye™ where ky 24k, 24

Obtain correct 2e>* —4e™

Al

Apply limits correctly, retaining exactness

M1

Dependent on previous M1

Obtain 2e* —4e™ +2 or exact similarly sim

Al
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APPENDIX A. ANSWERS

163. 9709 _s18 MS 21 Q: 7

Answer Mark Partial Marks
() | state R=+/29 or5.385... B1
Use appropriate trigonometry to find o M1
ppropr & Y Allow M1 for taua:i% or i% oe
Obtain 0.3805 with no errors seen Al | Or greater accuracy 0.3805063...
3
(ii) State that equation is 5cos@—2sinf=4 Bl
Evaluate cos(k/R)—a to find one value of & M1 | Allow M1 from their \/@ms(ﬂ ta)
Obtain 0.353 Al | Or greater accuracy 0.35307...
Carry out correct method to find second value M1
Obtain 5.17 and no extra solutions in the range Al | Or greater accuracy 5.16909...
If working consistently i s, then no A marks are
available, B1, M1, M1
5
(ii1) State integrand as 21—;,sec2 (%x +0.3805) B1FT | Following part (i), must be in the form
Rcos(@
Integrate to obtain form & tan(L x + their o) M1
Obtain 2 tan(}x+0.3805) + ¢
164. 9709 _s18 MS_22 Q: 7
Answer Mark Partial Marks
i 1 B1
@ Express cosec 22x as —
4sin” xcos” x
Attempt to express LHS in terms of sin M1 | Must be using correct working for M1
Al | AG; necessary detail needed
3
(ii) B1
PN M1
Al | Or greater accuracy 1.3734...
Obtain tan ¥=—4 and hence x=1.82 Al | Or greater accuracy 1.8157...
4
(iii) Use x=2y+1 B1
Identify integral as of form J-secl (av+B)dv M1 | Condone absence of or error with dy
Obtain tan(2y +1)+¢ Al
3
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165. 9709 w18 MS 21 Q: 2

353

Answer Mark Partial Marks
Integrate to obtain form kln(2x+1) M1
Obtain correct 31In(2x+1) Al

Use subtraction law of logarithms correctly

M1 | Dependent on first M1

Use power law of logarithms correctly

M1 | Dependent on first M1

Confirm In125 Al
5
166. 9709 w18 MS 21 Q: 6
Answer Mark Partial Marks
@ Use y values 2, 2.5, 1 or equivalents B1
Use correct formula, or equivalent, with h :%n’ and three y values M1
Obtain 2x27(2+2v2.5+1) or equivalent and hence 4.84 Al
3
(ii) 7 appears later; condone omission of dx

State or imply volume is In’(l +3cos’ 1x) dr

Use appropriate identity to express integrand in form &, + %, cosx

Obtain Iz(%Jr%cosx)dx or J.(%+%cosx)dx

Condone omission of dx

Integrate to obtain 7(3x+Zsinx) or $x+3sinx

Obtain £ with no errors seen

Al
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167. 9709 _wi18_MS_22 Q: 6

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(a) Integrate to obtain form kIn(3x+2) *M1 | Condone poor use of brackets if recovered later
Obtain correct 4In(3x+2) Al
Substitute limits correctly M1 | Dependent *M, must see £In20—kIn3 oe
Apply relevant logarithm properties correctl M1
PRy 2 prope ¥ Dependent *M, do not allow % oe, must be using both
the subtraction and power laws correctly
Obtain In256 nfww Al | AG; necessary detail needed
5
(b) Use identity to obtain 4(1—cos2x) oe Bl
Use identity to obtain sec? 2x—1 Bl
Integrate to abtain form kx + k, sin 2x + k; tan 2x *M1 | Allow M1 if integrand contains pcos2x+gsec® 2x and no
other trig terms
Obtain correct 3x—2sin2x+1 tan2x Al
Apply limits correctly retaining exactness M1 . T
Depende ) , tan—
3 3
Obtain L7 —%Jg or exact equivalent Al
168. 9709 _ml17 MS 22 Q: 7
Answer 0 Mark Partial Marks
@) Use cos(4+ B) identity M1
Obtain 2cos 2x(cos 2x.3 V3 Al
Attempt identity ex 22x in terms of cos4x M1
ressing cos 2xsin2x in terms of sin4x M1
_1gj Al
4x) —5sindx
Total: 5
I d at least one intercept with x-axis M1
Obtain x =17 atleast Al
Integrate to obtain k,x + k; sin 4x + k, cos 4x M1
Obtain L1+/3x +L+/3 sin4x + Lcos 4x A1Y" | following their answer to (i)
2 8 8
of correct form
Apply limits 0 and 17 to obtain (é«/g ) 7 or exact Al | following completely correct
work
equivalent
Total: 5
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169. 9709 _s17_MS_21 Q: 3

355

Answer Mark Partial Marks
Integrate to obtain form ke'™** where k is constant not equal to 4 M1
Obtain correct 8™ Al | Allow unsimplified for A1
Obtain 8ei*** —8¢* =835 or equivalent Al
Carry out correct process to find a from equation of form ke =¢ M1
Obtain 3.65 Al | If 3.65 seen with no actual attempt at
integration, award B1 if it is thought that trial
and mmprovement with calculator has been
used.
Total: 5
170. 9709 s17_MS_21 Q: 6
Answer Mark S artial Marks
@) State or imply correct y-values 0, tanir, tanir B1 e ,# s have their calculator in
‘ mode when working out tan% etc. this
.:3‘1“"' 0.00915 and 0.0183. Allow B1.
Use correct formula, or equivalent, with =17 and y-values Must be convinced they have considered 3
values for y for M1
Obtain 0.378 Al
tal: 3
(ii) State or imply 71'_[(!@(:2 2x 71) dx B1
Integrate to obtain £, tan 2x + k,x, any non-zero cons incl 7 ornot M1
Obtain 4 tan2x—x or 7z(tan2x-x) Al
Obtain :‘I(%\J’g 7%;r) or equivalent Al
Total: 4
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171. 9709_s17_MS_22 Q: 7

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(@ Obtain I(2c05297c05073)d6‘ B1
Attempt use of identity to obtain integrand involving cos2¢ and cos@ M1
Integrate to obtain form £ sin26 + k, sin 6 + k6 for non-zero constants M1
Obtain }sin26—siné—20+c Al
Total: 4
()D) | Integrate to obtain form & In{2x+1)+k, In(x) or & In(2x+1)+k, In(2x) M1
Obtain 2In(2x+1)+3Inx or 2In(2x+1)+31In(2x) Al
Total: 2
(b)(ii) Use relevant logarithm power law for expression obtained from application of limits M1
Use relevant logarithm addition / subtraction laws e
Obtain In18
Total:

172. 9709 _wi17_MS_21 Q: 4

@

Answer Partial Marks
Obtain integrand of form asec? @ +b Mmi
Obtain correct 5sec” 81 Al
Integrate to obtain form atan M1
Obtain 5tan@—-6G+c¢ Al
4
kInGBx+1) *M1
obtain 2In(3a +1) =1n16 Al
X 4 .
R4 n with no presence of In DM1
A
Al
4
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173. 9709 _wi17_MS_22 Q: 6

Answer Mark Partial Marks
(a) Obtam 2 —2cos2x as part of integrand B1
Obtain 3sin 2x as part of integrand B1 | Allow second B1 for writing
Integrate to obtain form M1

. 1.5
fox + k, sin 2x + k, cos 2x '[6s1nxcosx dx—G(Esm x] . M1

may then be implied by subsequent
work

Obtain 2x —sin2x —2cos2x or Al

2x —sin2x+ 3sin’ x

Apply limits to obtain 17 +2 Al 2:
5

®) Integrate to obtain 21n(3x +2) Bl In(3x+ 2) for B1

Use at least one relevant logarithm property

2
Obtain Sat2 =7 or (3a+2) =49 or
equivalent without In
Solve relevant equation to find a % DM1 | Dep on *M1, allow for
49 = (3a + 2)2 OE or correct
working involving (3cz + 2)
Obtain a =4 only Al
5
174. 9709 _m16_MS
L 2
Obain irftégralgof fo M1
Obtain correct 3¢**"! Al
Apply both limits correctly and rearrange at least to ¢***' =... M1
Use logarithms correctly to find a M1
Obtain 1.097 Al [5]
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175. 9709 _ml16_MS 22 Q: 8

Cosx

(i) State 2sinxcosx.— B1
sin x
Simplify to confirm 2cos” x Bl [2]
(ii) (a) Use cos2x=2cos" x—1 B1
Express in terms of cosx M1
Obtain 16cos? x+3 or equivalent Al
State 3, following their expression of form acos®x+b Al [4]
(b) Obtain integrand as %sec:2 2x B1
Integrate to obtain form & tan 2x M1*
Obtain correct %tan 2x Al
Apply limits correctly @41*
1 1 .
Obtain Z\/E 2 or exact equivalent Al [5]

176. 9709 _s16_MS_21 Q: 7

0\

(a) Rewrite integrand as sec® 2x + cos® 2x * B1
Express cos” 2x in form k, + k, cos4x M1
State correct 1+ Lcosdx & Al

Integrate to obtain at least terms involving tan2x and si M1
Obtain 5tan 2x +4x +¢sin4x , condoning abse e@ Al [3]

(b) Integrate to obtain 2x+ 2In(3x—2) B1
Show correct use of plnk =Ink? la nce, must be using In(3x —2) M1
Show correct use of Inm—Inn= &be using In(3x —2) M1
Use or imply 20 =1In(e®) B1

Obtain In(16e™) Al [5]

*
&

*
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177. 9709 _s16_MS_22 Q: 6
(a) Obtain integrand 2e™>* +1e™ B1
Obtain integral of form ke™* +k,e™ M1
Obtain answer — ™~ —+¢ ", condoning absence of +¢ Al [3]
(b) Integrate to obtain +In(2x+5) B1
Show correct use of plnk=Ink? law at least once M1
Show correct use of Inm—Inn=In2 law M1
Obtain In3 Al [4]
(c) State or imply correct ordinates log2, log5, log8 or decimal equivalents B1
Use correct formula, or equivalent, correctly with #=3 and 3 ordinates 1
Obtain answer 3.9 with no errors seen 1 [3]
178. 9709 w16 _MS_21 Q: 5
®
(§1) Use cos2x =2cos* x—1 and attempt factorisation of numerat M1
Obtain (2cosx +1)(cosx+4)
Confirm given result 2cosx+1 [3]
(i) Express integrand as 2cos2x+1
Integrate to obtain sin2x + x
Apply limits correctly to integral of fo
Obtain 27 [4]

179. 9709_w16_MS 22 Q: 3

o

(i) | Obtain integral of fo

Obtain correct 8

rm 8e—2

first quadrant

& .
Draw more accurate sketch with correct
curvature,

gradient at x =0 must be >0

State more and refer to top(s) of trapezium(s)
above curve

(1

Allow k; =4

If incorrect y intercept used then M1 AO

Allow 1f no mtercept stated

Can be shown using a diagram.
Reference to a trapezium must be made
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180. 9709 _w16_MS_22 Q: 6

APPENDIX A. ANSWERS

)

Use cos26 = 2cos” @ —1 appropriately twice B1

Simplify to confirm 1-1sec’ @ B1
_________ B

Use sec’a =1+tan’ & B1

Obtain equation tan® & +10tana +25=0 or

equivalent B1

Attempt solution of 3-term quadratic equation for

tan¢ and use correct process for finding value of

« from negative value of tana M1

Obtain 1.77 Al

State or imply integrand 1—1sec®Llx

Obtain integral of form &x—k, tanlx

Obtain correct x —tanx Al

Apply limits correctly to obtain 7 — 0 Al

[4]

Alternative method

1-2sin*6 1
L?:—seczﬁftanzﬁ or
2cos”“ # 2
12 —tan® @ Bl
2¢cos” @
then as for 2nd B1

eed to see evidence
required to obtain M1

Ai\ r in terms of 7 ( ]

If quadratic 1s 1
of attempt to

1013x
1800

181. 9709 _wi16_MS_23 Q:

Rewrite i c?dx -1 B1
p n4x— x , condoning absence of + ¢ B1 2]
Pyl
2sin2x — 2cos3x B1
correctly to integral of form £, sin2x+k, cos3x M1
Obtain 3—+/2 or exact equivalent Al [3]
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182. 9709 _w16_MS 23 Q: 5
(i) | State or imply correct ordinates V2, V1+e, l+e? ordecimal equivalents B1
Use correct formula, or equivalent, correctly with # =3 and three ordinates Ml
Obtain answer 12.25 with no errors seen Al [3]
(ii) | Refer to top of each trapezium being above curve or equivalent B1 1]
(iii) | State or imply volume is Ifl’(l + e%x) dx B1
Integrate to obtain form /;x + kze%x with or without 7 M1
Obtain correct 77(x +3e'*) or x+3e™ Al
Obtain 7(3+3¢”) or exact equivalent Al (4]

183. 9709 s15 MS_21 Q: 6

1

(i) State or imply cosec26 =—
sin 26

Express left-hand side in terms of sin# and cosé Y 3 1

(\ 1B
(ii) (a) State or imply cosO = L or tanf =2 at least 0 BI1

:c»ZwE

Obtain given answer sec” @ correctly

V5
Obtain 1.11 or awrt 1.11, allow 0.353=n B1
Obtain 2.03 or awrt 2.03 , allow 0.648n and no other values between 0 and =z Bl [3]
(b) State integrand as sec? 2x B1
Integrate to obtain expression of form £t Ml
Obtain correct 1tan2x Al
Obtain $+/3 or exact equivalent Al [4]

184. 9709_s15 MS_22 Q: 4

(i) Differentiate to obt Bl
Use correct proce tion of form ae* +he > =0 M1
Conﬁrxnfiv Al [3]

PO

(i) Inte gratg;ﬁobtai on of form pe* +ge™* M1
Obtain correct Al
Apply both limits correctly M1 depM

. 5

Confirm given answer 5 Al [4]
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185. 9709 _s15_MS_22 Q: 6

U]

(i)

Solve three-term quadratic equation for sin x
Obtain at least sinx = f% and no errors seen

Obtain x = %?Z’

State sin®x = 1—1cos2x

Obtain given 5+ 8sinx —2cos2x with necessary detail seen
Integrate to obtain expression of form ax + bcosx + ¢sin 2x
Obtain correct 5x —8cosx —sin2x

Apply limits 0 and their x-value correctly

Obtain %z +% 3 +8 or exact equivalent

APPENDIX A. ANSWERS

M1
Al

Al [3]

B1

Bl
M1
Al
M1 depM

Al [6]

186. 9709 w15 MS 21 Q: 5

(a) Use tan” x =sec’ x -1 B1
Obtain integral of form ptan x+ gx +rcos2x M1
Obtain tan x —x — % cos2x+¢ Al [3]

®

(b) Obtain integral of form ke'™ (\ M1*

.3 L
Obtain — Eel 2 Al
Apply both limits the correct way round M1 dep

.3 403 i
Obtain — 7° 'y e or exact equivalent Al [4]

187. 9709 _wls MS_22 Q: 7
(i) Express cos”x in form k, +k,cos2x 0 M1

Obtain correct £+ cos2x Al
Rewrite second term as sec” x B1
Integrate to obtain atle n2x and k,tanx M1
Obtain 1 x+1sin2 Al
Confirm given re Al [6]

L 2

L 2 1
(ii) State velume is + )* (mmaybe implied by later appearance) B1
cos X
Expand to obtain 7 j(cosz x+———+2)dx or I(cosz x+———+2)dx B1
cos” x cos” x

Integrate integrand involving three terms (in part using part (i)
or otherwise i.e. kysin2x+k, tanx +ksx) M1
Obtain 277 +%\/§ﬂ' or exact equivalent Al [4]
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188. 9709 _wi5 MS_23 Q: 1

Integrate to obtain & In(2x +5) M1
Obtain correct 2In(2x +5) Al
Apply limits and use logarithm law for Ina—1Inb M1
Use logarithm power law M1
Obtain In125 Al [5]

189. 9709 w20 MS 21 Q: 5

Answer Mark Partial Marks
(a) Use iteration correctly at least once M1 | Need to see 3 values including the starting values
Obtain final answer 1.817 Al | Answer required to exactly 4 significant figures
Show sufficient iterations to 6 significant figures to justify answer Al

or show sign change in interval [1.8165, 1.8175]

3
®) State equation x = 6+8x or equivalent using & B1
8+ x
Obtain 6 or exact equivalent B1
2
190. 9709 w20 MS_22 Q: 7
Answer Partial Marks
(a) Substitute x =3 and attempt evaluation
Obtain 0 and confirm factor x -3 Al | AG
3
® Divide quartic expression by x—3 at least as fz M1
Obtain x° —2x> Al

Obtain x°* —2x"+5 A1 | With no errors seen

Attempt rearrangeme expression to x=... M1 |Ora=...

Al | AG

at least once M1 | Need to see 3 values including rheir starting value.

Al | Answer required to exactly 3 significant figures.

Show sufficient iterations to 5 sf to justify answer or show a sign Al
change in the interval [-1.245, —1.235]
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191. 9709 ml19 MS 22 Q: 5

APPENDIX A. ANSWERS

Answer Mark Partial Marks
@ & L M1
Attempt rearrangement of 1 =10 to x=... involving In
Confirm x = £In(40x +10) Al | Answer given; necessary
detail needed
2
(ii) Use iteration process correctly at least once M1
Obtain final answer 2.316 Al
Show sufficient iterations to 6 sf to justify answer or show a sign change in the interval [2.3155, 2.3165] Al
3
(iii) Use quotient rule (or product rule) to find derivative M1
Obtain M or equivalent Al
(x+1)7
Substitute answer from part (ii) (or more accurate value) into attempt at first derivative
Obtain 16.1 1
4
192. 9709 _s19 MS 21 Q: 6
Answer Partial Marks

Use quotient rule (or product nile) to differentiate

2 — —(—
obtain & = w or equivalent
dx (2-5x)

State or imply curve crosses x-axis when x=-2

Penalise missing brackets by withholding the A mark unless
recovered later

Bl

Substitute —2 to obtain 1

Al

(i)

M1

AG

A

-

Condone in this part error(s) in denominator of derivative

(iif)
v

M1

Al

Al
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193. 9709 _s19 MS 22 Q: 6

365

Use product rule to find %

Answer Mark Partial Marks
(6] Equate 4¢%¢™ to 1, rearrange to +* =... and hence 7=... M1 Allow M1 for 7 — J?

Confirm = ;e%t with necessary detail needed as answer is given Al
2
(i) Use iterative process correctly at least once M1
Obtain final answer f=0.715 Al

Show sufficient iterations to 5 sf to justify answer or show a sign Al | SC: M1A1 from iterations to 4sf resulting in 0.71

change in the interval [0.7145, 0.7155]

3
() | Obtain X =3+12¢™ B1
M1

Obtain 8te™ —4r’e™

Divide correctly to obtain %

Substitute value from part (ii) to obtain 0.31

194. 9709 w19 _MS 21 Q: 5

Answer Mark Partial Marks
(6] Integrate to obtain form x>+, sin2x +k, cosx M1
Obtain correct x* + 2sin2x +cosx Al
Apply limits correctly and equate to 2 DM1
Confirm given result Al | AG; necessary detail needed
4
(i) Consider sign of a— pr equivalent for 0.5 and 0.75 M1
Obtain —0.26 and 0 and justify conclusion Al | AG: necessary detail needed
2
(iii) least once M1 | Need to see a correct x, , may be implied by

x, =0.5s0 x; =0.65256 or x; =0.75s0

x; =0.64897 OE
Must be working with radians
Obtain final answer 0.651 Al
Show sufficient iterations to 5sf to justify answer or show a sign change in the Al
interval [0.6505, 0.6515]
3
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195. 9709 w19 MS 22 Q: 4

Answer

Mark

APPENDIX A. ANSWERS

Partial Marks

@ Use iteration correctly at least once M1 | Must see correct attempt at x;
Obtain final answer 1.359 Al
Show sufficient iterations to 6 sf'to justify answer or show sign Al | Answer required to exactly 4 sf
change in interval [1.3585, 1.3595] Must see to at least x5
3
(ii) Form correct equation in x (or @) B1 =% oF
In2x
Obtain Le Bl
2
196. 9709 m18 MS 22 Q: 5
Answer Mark ial Marks
o Integrate to obtain —2e>* B1
Apply limits correctly to integral of form ke™*
Obtain —2e™*" +2¢’ =25
Rearrange to confirm a =1In(12.5+ e ; necessary detail needed
(i) Consider sign of « —%ln(l2.5+e'4“) or equivalent for 1.0 and 1.5
Obtain —0.26 and 0.24 or equivalent and justify conclusi Al | AG; necessary detail needed
2
(iii) Use iterative process correctly at least once M1
Obtain final answer 1.263 Al
Show sufficient iterations to 6 sf to justi show a sign change Al
in the interval (1.2625,1.2635)
3
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197. 9709 s18 MS 21 Q: 4

367

Answer Mark Partial Marks
@ Use quotient rule or equivalent M1 | Obtaining two terms in numerator and (2x +1)* in
denominator for a quotient
s _ Al . . -1
Obtain correct (2x+1) 120111-"7 or equivalent, or Obtaining one term with (Zx + 1) oe and a second term
s (2x+1) with (2x+ l)’2 oe for a product
=(2x +1)_1 —10lnx(2x + 1)_2 or equivalent
x Condone poor use of brackets if recovered later
Substitute x=1 to obtain ¥ or § or equivalent, www Al
3
(ii) Equate numerator to zero and attempt relevant arrangement M1 | For M1, need to see at least one line of working after either
5 . .
10+=—-10Inx =0 or their numerator (which must have at
X
least 2 terms, one involving Inx) =0
Al | AG; necessary detail needed
Confim x— x+0.5 ary
Inx
2
(iii) Use iteration process correctly at least once M1
Obtain final answer 3.181 Al &
Show sufficient iterations to 6 sf to justify answer or show sign change in Al
interval (3.1805,3.1815)
108. 9709 s18 MS_22 Q: 6
Answer Mark Partial Marks
@ Rewrite integrand as 1+ 28 4 ¥ B1
Integrate to obtain form x+ke™ + kye” M1
Obtain x+4e +¢* Al
Use limits to obtain a + 4¢3 Al
Rearrange as far as g use of 4e!® re® =l (41l M1
Al | AG; necessary detail needed
”® 28 6
(i) o . —a . M1
Consider sign o — | for 1.5 and 1.6 or equivalent
44
Obtain —0.08... and 0.06... or equivalents and justify conclusion Al
2
(iii) Use iterative process correctly at least once M1
Obtain final answer 1.56 Al
Show sufficient iterations to 5 sf to justify answer or show sign change in Al
interval (1.555,1.565)
3
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199. 9709 w18 MS 21 Q: 4

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(i) Substitute —2 and simplify M1
Obtain 16 —16 + 8+ 24 — 32 and hence zero and conclude Al | AG; necessary detail needed
2
(i1) Attempt division by x + 2 to reach at least partial quotient x* + kv or use of M1
identity or inspection
Obtain x* +2x-16 Al
Equate to zero and obtain x = Me—2x Al
3
(iii) Use iteration process correctly at least once M1
Obtain final answer 2.256 Al
Show sufficient iterations to 6 sf to justify answer or show a sign change in the Al
interval (2.2555,2.2565)
3

200. 9709 w18 MS 22 Q: 5

L/

N

Answer r| Partial Marks
i) Rearrange at least as far as 2x=In(...) w if in terms of p, need to see ¥ equated to 0
Obtain x = %lﬂ(l 6%+ 4) AG; necessary detail needed
2
(ii) Either
Consider sign of x —%ln(l.ﬁxz +4) for 0.75 and 0.85 or M1 | Need to see substitution of numbers
Obtain —0.04 and 0.03 or equivalents and justify A1l | AG; necessary detail needed, change of sign or equivalent
must be mentioned
Or
M1 | Need to see substitution of numbers
Al | AG; necessary detail needed, change of sign or equivalent
must be mentioned
2
(1i1) at least once M1 | Starting with value such that iterations converge to correct
values
& ¢
A1 | Must be 5sf for the final answer
nt iterations to justify value or show sign change in interval Al
(0.809555, 0.809565)
3
(iv) Obtain first derivative 10e** —16x B1
Substitute value from iteration to find gradient, must be in the form M1
et +gx
Obtain 37.5 A1 | Or greater accuracy, allow awrt 37.5 from use of
x=0.8096, 0.80955 oe
3
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201. 9709 ml17 MS 22 Q: 5

369

Answer Mark Partial Marks
@ Integrate to obtain form kx + k,x* +k,e’* for non-zero M1
constants
Obtain x + x> +¢** Al
Apply both limits to obtain a +a” +¢** —1=250 or Al
equivalent
Apply correct process to reach form without e involved M1
Confirm given a =1In(251-a - a?) Al
Total: 5
(ii) Use iterative process correctly at least once M1
Obtain final answer 1.835 1
Show sufficient iterations to 6 sf to justify answer or show
sign change in interval (1.8345, 1.8355) @,
Tot 3
202. 9709 _s17_MS 21 Q:4
Answer Mark Partial Marks
(1) Use iteration correctly at least once M1
Obtain final answer 2.08 Al
Show sufficient iterations to 4 dp to justify an: @wigﬂ change in interval Al
(2.075, 2.085)
Total: 3
(i) Bl
State or clearly imply; or same equation using «
M1
Al
L 4 3
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203. 9709 _s17_MS_22 Q: 3

Answer Mark Partial Marks
6] Draw sketch of y=x" *B1 | May be implied by part graph in first quadrant
Draw straight line with negative gradient crossing positive y-axis and indicate one DB1 | dep *B
intersection
Total: 2
(ii) Use iterative formula correctly at least once M1
Obtain final answer 1.926 Al
Show sufficient iterations to justify 4 sf or show sign change in interval Al
(1.9255,1.9265)
Total: 3
204. 9709 w17 _MS 21 Q: 7 Q
Answer Mark artial Marks
(@ Differentiate to obtain form kx+k, + k;sinlx ’2/11
Obtain correct 2x +3 —3sinlx and deduce or %
imply gradient at P is 3
Equate first derivative to their —3 and rearr: DM1
Obtain x=2sinlx—3 Al
4
(i) Consider sign of their 2x + 1x at-45 M1
and —4.0 or equivale
Complete ar: for correct Al

propriate calculations

2
(iit), V'S ula correctly at least once M1
* 9
"’ swer —4.11 Al
Show sufficient iterations to justify accuracy to Al
3 st or show sign change in interval
(—4.115,-4.105)
3
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205. 9709 w17 _MS_22 Q: 5

Answer Mark Partial Marks
() Obtain derivative of the form ke ** *M1 | Condone k=4 for M1
State or imply gradient of curve at P 1s -8 Al
Form equation of straight line through (0, 9) *DM1 | dep on *M
with negative gradient
Obtam y=—8x+9 or equivalent Al
Equate equation of curve and equation of DM1 | dep on both *M
straight line
Rearrange to confirm x =2 —1¢™* Al
; <
(11) Use iterative process correctly at least once M1
Obtain final answer 1.07 A
Show sufficient iterations to 5 sf to justify
answer or show sign change in interval
(1.065,1.075)
6

206. 9709 _ml16_MS_ 22 Q: 4

(i) Use the iterative formula correctly at le @ M1

Obtain final answer 1.516 Al

Show sufficient iterations to justi to 3 dp or show sign change

in interval (1.5155,1.5165) Bl [3]
(i) State equation x= or equivalent B1

Obtain exact vall B1 [2]
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207. 9709 _s16_MS_21 Q: 6

(@

(i)

(iii)

Use quotient rule or equivalent
6x(x? +4)—6x°

Obtain
(% +4)°

Obtain 48p = p* +8p” +16 or 48x =x* +8x* +16 or equivalent

Confirm given result p = /A'&SJ
p-+8
. . 48p—16 .
Consider sign of p— [:—8 at 2 and 3 or equivalent
\j po+

Complete argument correctly with appropriate calculations

Carry out iteration process correctly at least once
Obtain final answer 2.728

in interval (2.7275,2.7285)

(@

(i)

(iii)

208. 9709 s16_MS_22 Q: 5 (\

1 1
Use product rule to obtain form ke** +k,xe’™

. Ly Ly
Obtain correct 6e*” + 2xe?

— 20 — 20
Confirm p—3lnm or x=3In=3

Consider sign of p—3In-2% at 3.3 and 3.5 of equiv.

Complete argument correctly with appropii

Carry out iterative process correctly
Obtain final answer 3.412

Show sufficient iterations to j
interval (3.4115,3.4125

209. 9709 w16 _MS_21

APPENDIX A. ANSWERS

(i) Use the iterative formula correctly at least once
Obtain final answer 1.854

*M1
or equivalent Al
Equate first derivative to 4 and remove algebraic denominators dep on *M1 DM1
Al
Al [9]
M1
Al [2]
M1
Al
Show sufficient iterations to justify accuracy to 4 sf or show sign change
B1 [3]
*M1
Al
Equate first derivative to 40 and obtain equation without sent, dep *M DM1
Al [4]
M1
Al [2]
M1
Al
acy to 3 dp or show sign change in
B1 [3]
4 5x B1
orrectly and equate to 100 M1
¢ and apply logarithms correctly to reach a =... M1
Confirm given result a =1In(50 + e ** - 5a) Al |[4]
M1
Al
Show sufficient iterations to justify accuracy to 3 dp or show sign change in
Bl |[3]

interval (1.8535,1.8545)
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210. 9709 w16 _MS_22 Q: 5

373

(i) | Use quotient rule (or product rule) to find first
derivative Ml Quotient: Must have a difference in the
numerator and (x” +1)° in the denominator
A+ -8xInx _ L _
Obtain =——————— or equivalent Al Product: Must see an application of the chain
(" +D) rule.
State %(x2 +1)—8xInx=0 or equivalent Al Condone missing brackets if correct use is
implied by correct work later
Carry out correct process to produce equation
without In, without any incorrect working M1
Confirm m = eo,s(1+m-1) or x:eO.S(]+x_l) Al
[5]

(ii) | Use iterative formula correctly at least once M1 Should not be attempti use x, =0, but if
used and ‘recovered’ M1 Al- usually
see m; =1.648

Obtain final answer 1.895 Al
 /
Show sufficient iterations to 6 st to justify answer \
or show sign change in interval (1.8945,1.8955)
Al
3

211. 9709 _wl16_MS 23 Q: 1

°

(i) | Use the iterative formula correctly at least onc M1
Obtain final answer 2.289 Al
Show sufficient iterations to justi @y to 3 dp or show sign change in interval
(2.2885, 2.2895) Bl |[[3]
(ii) | State equation x = B1
Obtain exact B1 2]
212. 9709 03 21
. _S&_’&
.
(i) Obtain integral M1
1
Obtain correct 6e?" + x Al
Apply limits and obtain correct 6e%a +a—6 Al
Equate to 10 and introduce natural logarithm correctly DM1
Obtain given answer a =2 ln( 166_ a) correctly Al [5]
(i) Use the iterative formula correctly at least once M1
Obtain final answer 1.732 Al
Show sufficient iterations to justify accuracy to 3 d.p. or show sign change
in interval (1.7315, 1.7325) Al [3]
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213. 9709 _s15_MS 22 Q: 5

APPENDIX A. ANSWERS

(i) Draw recognisable sketch of y =16 — x* Bl
Draw recognisable sketch of y =|3x| Bl
Indicate in some way the two points of intersection B1 depBB
[3]
(ii) Use iterative process correctly at least once M1
Obtain final answer 1.804 Al
Show sufficient iterations to justify answer or show sign change in the
interval (1.8035, 1.8045) Al [3]
(iii) State (1.804, 5.412) Bl
State (—1.804, 5.412), following their first point Bl [2]
214. 9709 _wl5 MS_21 Q: 4
(i) Make a recognisable sketch of y =Inx 0 B1
Draw straight line with negative gradient crossing positive y-axis and justify
one real root Bl [2]
 /

(ii) Consider sign of Inx +%x —4 at 4.5 and 5.0 or equivalent \ M1

Complete the argument correctly with appropriate calculation@ > Al 2]

(iii) Use the iterative formula correctly at least once M1
Obtain final answer 4.84 Al
Show sufficient iterations to justify accuracy t d@ow sign change
in interval (4.835, 4.845) Al [3]
215. 9709 w15 MS_22 Q: 2 7
(i) Use the iterative formula correctly atleas M1
Obtain final answer 2.289 Al
Show sufficient iteration i curacy to 3 d.p. or show sign change in
interval (2.2885, 2. Al [3]
(i) State.g 2 B1
<,
Obtain 42 Bl [2]
B
216. 9709 _wl15 MS 23 Q:5
(i) Integrate to obtain e** + 5¢* B1
Apply both limits and subtract for expression of form ke** +k,e* M1
Obtain e** +5e¢” =106 or similarly simplified equivalent Al
Rearrange and introduce logarithms M1
Confirm given answer a =1In(106 —5e“) Al [5]
(i) Use the iterative formula correctly at least once M1
Obtain final answer 1.477 Al
Show sufficient iterations to justify accuracy to 3 d.p. or show sign change in interval
(1.4765, 1.4775) Al [3]
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