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Appendix A

Answers

1.9709 m21 ms 12 Q: 2

Question Answer Marks Guidance
u=2x-3 leadingto u'-3u’-4[=0] M1 | op = (2x-3) leading to u* —3u—4 [=0]
(uz—4)(u2+l) [:0] Ml | or (u—4)(u+1) [20]
2x-3=[4]2 Al
1 5 Al
x=— ., = only
2 2
4
2.9709 s21 ms_11 Q: 6
| Question Answer Marks ‘ Guidance
(2k=3)x* —kx—(k-2)=3x-4 *M1 | Equating curve and line

(2k=3)x* ~(k+3)x—(k~6)[=0]

DM1

Forming a 3-term quadratic

(k+3) +4(2k-3)(k-6)[=0]

DM1

Use of discriminant (dependent on both previous M
marks)

9%k — 54k +81[=0] [leading to k* —6k+9=0] M1 | Simplifying and solving their 3-term quadratic in &
k=3 Al
Alternative method for Question 6

*M1 | Equating curve and line

(2k-3)x" ke —(k-2)=3x-4

2(2k-3)x-k=3 = x:j;rS 0rk:3+6x

4x -1

DM1

Differentiating and solving for x or &

Either (2k—3)[ k+3 Tfk( k+3 ]7(}:72):3[ k+3 }4

4k -6 4k -6 4k -6
2 _ 2 _
Or 4x 3x 2+3x 6 Gr— 3x 2-+-3.1r 6 -3
2x" —x-1 2x —x-1

DM1

Substituting their x into equation or their
_3x" +3x-6
S 2 —x-1

equation (dependent on both previous M marks)

k= 3x+6 into derivative
2x+1

9%* - 54k +81[=0] [leading to k* — 6k +9 =0]

M1

Simplifying and solving their 3-term quadratic in &
(or solving for x)

k=3

Al

SC If MO0, B1 for differentiating, equating to 3 and
solving for x or &

771
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3.9709_s21 ms 12 Q: 1

APPENDIX A. ANSWERS

Question Answer Marks Guidance
(a) (4x—3) or (4x +(-3)¥ ora=-3 B1 | k(4x — 3)” where k # 1 scores B0 but mark final answer, allow
recovery.
+lorb=1 Bl
2
) [For one root] k=1 or ‘their b’ B1 FT | Either by inspection or solving or from
242 -4x16%x(10-k)=0 WWW
3 B1 | SC B2 for correct final answer WWW.
[Root or x :]Z or 0.75
2
4.9709 s20 ms_11 Q: 5
(a) x(mx+c) =16 = mx> +cx-16=0 Bl
Use of »* — 4ac = 2 + 64m M1
—c? Al
Setsto0 —m=
64
3
(b) x(—4x+r:) =16 M1
Use of b* — 4ac — ¢ — 256
c>16and c<-16 Al Al
3
5.9709_s19 ms 13 Q: 1
Answer Mark Partial Marks
) I:(x_ 2)2} [+4] B1 DB1 | 2nd B1 dependent on 2 inside bracket
2
(i) (x—2)2<5 > —J5<x—2 andlor x—2<+5 M1 | Allow e.g. x—2<i\/§,x—2:i\/§ and decimal equivalents for V5
For M1, ft from their(i). Also allow V13 instead of V5 for clear slip
2-J5<x<2445 AlA1 | Al for each inequality — allow two separate statements but there must
be 2 inequalities for x. Non-hence methods, if completely correct,
score SC 1/3. Condone <
[3]
6.9709_s18_ms 13 Q: 1
Answer Mark Partial Marks
B1B1B1

131 (x—2)" | (=57

OR a@=3, b=-2, ¢ =-5. 1st mark is dependent on the form (era)2
following 3
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7.9709 w18 ms 11 Q: 1

Answer Mark Partial Marks
(4x¥‘ 73)(x¥‘ - 2) oe soi Alt: 4x +6=11x = 16x —73x + 36 M1 Attempt solution for x* orsubu= x*
¥ =3/40r2 Al | Reasonable solutions for x* implies M1 (x = 2,3/4,
(16x-9)(x—4) MI1AO)
x=9/16oeor4 Al | Little or no working shown scores SCB3, spotting one
solution, B0
3
8.9709_ml7 ms 12 Q:1
Answer Mark Partial Marks
(3k)? —4x2xk M1 | Attempt b* —4ac
9k?_8k>0 soi Allow 9%* —8k> 0 Al | Must involve correct inequality. Can be implied by correct answers
0, 8/9 soi Al
k<0, k> 8/9 (or 0.889) Al | Allow (=, 0) , (8/9, )
Total: 4
9.9709 s16_ms 11 Q: 6
Answer Mark Partial Marks
() y =2x*—4x +8 M1
Equates with y = mx and selects a, b, ¢ M1 Equate + solution or use of dy/dx
Uses b? =4ac Al Use of discriminant
—m=4or—12. [3] | for both.
(b) () [f)=x*tax+bd M1 Any valid method allow
Eqn of form (x—l)(x—9) (x+1)(x+9) for M1
—a=-10,b=9 Al must be stated
(or using 2 sim eqns M1 Al) (2]
(ii) 1 .
Calculus or x = 5 (1+9) by symmetry M1 Any valid method
— (5,-16) Al
[2]
10. 9709_wl6_ms 11 Q:1
Answer Mark Partial Marks
O | (x+3)"-7 B1B1 Fora=3, b=-7
(2]
(i) | 1,—7 seen B1 x>l orx<-7
x>1, x<-7 oe B1 Allow x<-7,x>1 oe
(2]
11. 9709 _s15 ms 13 Q:1
Answer Mark Partial Marks
2Ax-3)"-11 B1B1B1 | For2, (x -3)*,-11. Ora=2, b= 3,

Bl [ = 11




e

12. 9709 w15 _ms_13 Q: 3

APPENDIX A. ANSWERS

Answer Mark Partial Marks
@@ B3] o - 2] [-1] B1B1B1
[3]
(ii) f'(x)=3x> —6x+7 B1 Ft their (i) + 5

=3(x-1)*+4
>0 hence increasing

B1/
DB1 Dep B1+ unless other valid reason

(3]

13. 9709 m22 ms 12 Q: 5

| Marks |

Question Answer Guidance
(a) 2[(()(72)2} {+3]] B1B1 | Bl fora=2,Bl forb=3.
2(x—2)°+6 gains BIBO
2
(b) 2] B2,1,0 | B2 for fully correct, B1 with two elements correct. {}
{Translation} {3} OR {Stretch} {v direction} {factor 2} indicates different elements.
2 B2,1,0 | B2 for fully correct, B1 with two elements correct. {}
{Stretch} {y direction} {factor 2} OR {Translation} indicates different elements.
4
14. 9709 _m22 ms 12 Q: 9
Question Answer Marks Guidance
(a) 1 T4+ 16-4 M1 A1l | OE. Answer must come from formula or completing square.
¥ =l =22 V3 If MOAO scored then SC B1 for 2++/3 only.
[x=] (2 + ‘/5)1 M1 | Attempt to square their 2++/3
T+43,7-43 Al | Accept 7+44/3 or a=7.b=+4,c=3
SC B1 instead of second M1A1 for correct final answer only.
Alternative method for question 9(a)
1 5 *M1 Al | OE
—4x2 +1=0 leading to (1’+ 1) =16x leading to ¥ - 14x+1=0
14+/196—4 DMI1 | Attempt to solve for x
=
2
T+43 , 7-43 Al | SC B1 instead of second M1Al for correct final answer only.
4
(b) 1 2 M1 | SOI
[gh(x)=] f'n[x2 - 2] +n
1 1 Al | SOI
[gh(x) :] m| x—4x2 +4 [+n = x—4x? +1
m=1 n=-3 Al Al | WWW
4




15.9709 m21 ms 12 Q:5

775

Question Answer Marks Guidance
(a) (Stretch) (factor 3 in y direction or parallel to the y-axis) B1B1
) 4 B1 B1 | Allow Translation 4 (units) in x direction.
(Translation) 0 N.B. Transformations can be given in either order.
4
(b) [v=]3f{x-4) B1 B1 | Bl for 3, Bl for (x — 4) with no extra terms.
2
16. 9709 m21 ms 12 Q: 7
Question Answer Marks Guidance
@) [f(x)=](x+1)" +2 B1BI | Accept a=1,b=2.
Range [of fis (y)] >2 BI1FT | OE. Do not allow x = 2, FT on their b.
3
®) v=(x+ 1)2 +2 leadingto x=[£]\/y-2-1 M1 | Or by using the formula. Allow one sign error.
£ (x)=—Jx-2-1 Al
2
Question Answer Marks Guidance
(c) 2 (x2 T2x4 3) +1=13 B1 | Or using a correct completed square form of f{x).

2¢" +4x—6[=0] leading to (2)(x—1)(x+3)[=0]

B1 | Or x=1,x = —3 using formula or completing

square. Must reach 2 solutions.

x=-3 only B1
3
17.9709 521 ms 11 Q: 9
Question Answer Marks \ Guidance
(a) Range of f'is f(x) > —4 B1 | Allow y, for ‘range’ or [—4,%)
1
(b) y=(r-2 4= (x—2P=y+4= x 2=+ f(y+4) oril(y+4) M1 | May swap variables here
[f_l(x)}: (x+4)+2 Al
2
(c) (x72)274:7§x+2=>x274x+474:7§x+2[=>x27%x72:0] M1 | Equating and simplifying to a 3-term quadratic
M1 | Solving quadratic
777 -4(3)(-6 £ 4
(3x+2)(x-3)[=0] or % OE
x=3 only Al
3
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APPENDIX A. ANSWERS

] Question Answer

Marks \ Guidance

(d) fl(12)=6

M1 | Substitute 12 into their £ (x) and evaluate

e(f1(12)=6a+2

M1 | Substitute their ‘6™ into g(x)

gle(f (12))) = a(6a +2) +2=62

M1 | Substitute the result into g(x) and = 62

6a’ + 2a— 60 [= 0]

M1 | Forming and solving a 3-term quadratic

.:x=—B or3
3

Al

Alternative method for Question 9(d)

g(f (x)) = u( x+4 +2)+2 or gg(x) =a(ax +2)+2

M1 | Substitute their £ (x) or g(x) into g(x)

sl ) = ﬂ(ﬂ(\)x+4 +2)+2)+2

M1 | Substitute the result into g(x)

g(e(f! (12))) = a(6a +2) +2=62

M1 | Substitute 12 and = 62

6a® + 2a — 60 [= 0]

M1 | Forming and solving a 3-term quadratic

a=—£0r3
3

Al

18.9709_s21_ms_12 Q: 2

Question Answer

Marks

Guidance

a 1
@ Translation {OJ

B1

Allow shift and allow by 1 in x-direction or [parallel to/on/in/
along/against] the x-axis or horizontally.
“Translation by 1 to the right” only, scores BO

Stretch

B1

Stretch. SC B2 for amplitude doubled.

Factor 2 in y-direction

B1

With/by factor 2 in y-direction or [parallel to/on/in/along/against]
the y-axis or vertically or with x axis invariant

“With/by factor 2 upwards’ only, scores BO.

Accept SF as an abbreviation for scale factor.

Note: Transformations can be in either order

() [—sin 6x][ + 15x] or [sin(—6x)][ + 15x] OE

B1BI

Accept an unsimplified version. ISW.
B1 for each correct component — square brackets indicate each
required component.

If BO, SC B1 for either sin(—2x) + 5x or —sin(2x) + 5x or

sin 6x — 15x or sin[—% x)+ %x




e

19. 9709 s21 ms 12 Q: 5
Question Answer Marks Guidance
(a) ff(x) = 2(2¢* +3)" + 3 M1 | Condone = 0.
8t + 2422 + 21 Al | ISW if correct answer seen. Condone = 0.
2
(b) | 8x* 424X +21 =34+ 19 = 8x* + 24’ - 34 + 21 - 19 [= 0] M1 | Equating 34x> + 19 to their 3-term ff(x) and collect all terms on
one side condone + sign errors.
8x* — 102 + 2[= 0] Al
[2]62 - D - 1) M1 | Attempt to solve 3-term quartic or 3-term quadratic by
factorisation, formula or completing the square or factor theorem.
) 1 ) 1 Al | If factorising, factors must expand to give 8x* or 4x* 4 or their ax*
|:x =lor n leading to}x =lorx =3 otherwise MOAO due to calculator use.
Condone +1, i% but not % or V1.
4

20. 9709 s21 ms 13 Q: 6

| Question Answer Marks Guidance
(a) f(x):(x71)2+4 B1
g(x)=(x+2)+9 Bl
g(x) = f(x+3) +5 B1 B1 | Bl for each correct element.
Accept p=3,g=5
4
| Question Answer Marks Guidance
(b) Translation or Shift B1
-3 B1 FT | If given as 2 single translations both must be
or acceptable explanation 3 0
35 .
described correctly e.g. { 0 J & (5]
FT from their f(x+p)+q or their
f(x) > 2(x)
1 -2
Do not accept or
2
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21. 9709 _s21_ms_13 Q:8

APPENDIX A. ANSWERS

Question Answer Marks Guidance
@ [fa(x)=]1/(2x+1)’ -1 B1 | SOI
1/(2x+1)’ —1=3 leading to 4(2x+1)* =1 M1 | Setting fg(x)=3 and reaching a stage before
1 5 2x+1=1% orreachinga 3 term quadratic in
or =[%]2 or 16x* +16x+3=0 ¥
(2x+1)
2x+1=4% or 2x+1=-% or (4x +1) (4x+3)[: 0] A1 | Or formula or completing square on quadratic
3 i Al
x=-= onl
2 oy
Alternative method for Question 8(a)
¥ -1=3 M1
e(x)==2 A1
1 M1
=2
(2x+1)
Al
=-—= only
4
Question Answer Marks Guidance
b 1 1 1 *M1 | Obtain 2x+1 or 2y+1 as the subject
® y=——— -1 leadingto (2x+1)’=—— leadingto 2x+1=[] am syl or 2yl as e subjee
(2x+1) v+l Jy+l
x=[4] 11 DMI1 | Make x(ory) the subject
Tafy+l 2
S U | Al peg Yxt1 1 ([ 1.1
W+l 2 oz 2 (Waea a2
3
22.9709 w2l _ms_11 Q: 8
Question Answer | Marks Guidance
(a) {—S(x _ 2)2} [+14} B1 B1 | B1 for each correct term; condone a =2, b = 14.
2
(b) [k=]2 B1 | Allow [x] < 2.
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Question Answer | Marks Guidance
(c) [Range is] [v] € 13 B1 | Allow [f(x)] < —13, [f] < -13 but NOT x £ —13.
1
d — M1 _
@ y:%S(chz)2 +14 leading to (fo)2 :MTJJ Allow 14 . Allow 1 error in rearrangement if x, y on
opposite sides.
Al —
Allow ¥ 14 .
-3
Al —
OE. Allow x-14 . Must be x on RHS; must be negative
square root only.
Alternative method for question 8(d)
14— M1 -14
x=-3(y-2) +14 leadingto (v-2)"= Tx Allow 2= _ Allow 1 error in rearrangement if x, v on
opposite sides.
14— Al x-14
=2(+ Allow .
2(2) =
_ Al -14 .
It (x)] =2- l4-x OE. Allow x—3 . Must be x on RHS; must be negative
3 _
square root only.
3
Question Answer | Marks Guidance
(e) [g() =] {—3(x+3—2)2}+ fa+1} B2, 1,0 | gr {—3(x+3)2}+{12(x+3)}+{3}
g(x)=-3x" —6x+12 Bl
3
23. 9709 w2l _ms_12 Q: 2
Question Answer Marks Guidance
B1
@ Stretch with [scale factor] either = 2 or i%
Scale factor % in the x-direction Bl
. 0 . .. . N B1
Translation ( 3} or translation of 3 units in negative y-direction
3
(b) (10,9) B1 B1 | Bl for each correct co-ordinate.
2
24. 9709 w2l _ms_12 Q: 3
Question Answer Marks Guidance
a M1 | Clear evidence of applying f twice with x = 5.
@ £(5)=[2] and f(their2)=[5] OR ff(s):[g] ppbiE
x+3+3
OR x;13 and an attempt to substitute x =5.
-1
5 Al
2




780 APPENDIX A. ANSWERS
] Question Answer Marks Guidance
(b) X+3 L y+3 ) *M1 | Setting f(x) =y or swapping x and y, clearing of fractions and
P F=x+3=xy-y OR Tt I=xp-x expanding brackets. Allow + sign errors.
DM1 | Finding x or y = . Allow =+ sign errors.
xy—x:y+3:x:y+i 0EORy+3:xy—x:y:[x—+ﬂ OE g ! e
- x—
[f7 (x)ory]= x—Jr;I' Al OE e.g. lJrll etc. Must be a function of x, cannot be x = .
x- x—
3
25.9709 w2l ms 13 Q:1
Answer Marks Guidance

Question

{Reflection} {[in the] x-axis}
or
{Stretch of scale factor -1} {parallel to y-axis}

*B1 DB1 | {} indicate how the B1 marks should be awarded
throughout.

Then {Translation} {{:)}

B1 B1 | Or Translation 3 units in the positive y-direction.
N.B. If order reversed a maximum of 3 out of 4 marks
awarded.

Alternative method for question 1

: 0
{Translation} {[ {J}

B1 B1 | Or Translation 3 units in the negative y-direction.

Then {Reflection} {in the x-axis}

*B1 DB1 | N.B. If order reversed a maximum of 3 out of 4 marks

or {Stretch of scale factor -1} {parallel to y-axis} awarded.
4
26. 9709 w2l _ms_13 Q: 6
Question Answer Marks Guidance
(a) B1 | A reflection of the given curve in y = x (the line y = x can

be implied by position of curve).
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Question Answer Marks Guidance
(b) —x . 2 4 5 *M1 | Squaring and clearing the fraction. Condone one error in
y= = leadingto x” =y (47x ) squaring —xor y
e (1 + _vl) = 437 DMI1 | OE. Fgctorisation of the new s_uhject with order of
operations correct. Condone sign errors.
B 2y DM1 o
x=(%) 3 x=(%) 24 OE is acceptable for this mark.
Jl+y 1+3?
Isolating the new subject. Order of operations correct.
Condone sign errors.
£ (x) = -2x Al | Selecting the correct square root.
(x)= \/H_xz Must not have fractions in numerator or denominator.
4
(©) lora=1 B1 | Donot allow x=1 or -1<x<1
1
d -2 B1 -2 . .
@ [fe(x)=f(2x)=] = Allow ——~ or any correct unsimplified form.
4—ax 4-(2x)
fa(x)= - or xz m o 2 B1 | Result of cancelling 2 in numerator and denominator.
1-x2 -x
2
27.9709_m20_ms_12 Q:2
Answer Mark Partial Marks
[Stretch] [factor 2, x direction (or y-axis invariant)] *B1
DB1
[Translation or Shift] [1 unit in y direction] or B1B1 | Accept transformations in either order. Allow (0, 1) for the vector

[Translation/Shift] H TH
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28.9709 m20 ms 12 Q: 9

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(a) [2(x+3)2] [-7] B1BI1 | Stating a =3,b=-7 gets BIB1
2
(b) 2 2 ; y+7 M1 | First 2 operations correct.
p=2(x+3) =7 > 2x+3) =y+7 > (x43) = Condone sign error or with x/y interchange
AIlFT | FT on their a and b. Allow y = ...
w43=(5) 2 e (1) 2 35 pi ()= 2 3
2 2 2
Domain: x > =5 or > -5 or [-5, w) Bl | Do not aceept ¥ =..., f(x)=.... 7 (x)=...
3
(c) fo(x)= 8x* -7 BIFT | SOL FT on their —7 from part (a)
8x2—7=193 — ¥’ =25 — x=-5 only B1
Alternative method for question 9(c)
g(x) = f71(193) - 2x-3=-V100-3 M1 | FT on their £ (x)
x==5 only Al
2
d Bl
@ (Largest k& is) _L Accept 1 ork< 1
2 2 2
1
29.9709_s20_ms_11 Q: 6
@ | 3(3x+b)+b=9x+4b - 10=18+4b M1
bh=-2 Al
Either f(14) =2 or f(x)=2(x + a) etc. M1
a=35 Al
4
M1
®) ef(x) = 3{lx—5)—2
2
Al
gfix) = éxfl',r
2
2
30. 9709 20 ms 12 Q: 5
(a) ff(x) = a—2(a—2x) M1
ffix)= 4x—a Al
- M1 A1
() = a-x
4
- M1
® dx-a=2"" S 9x=3aq
a Al
X=—
3
2
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31.9709 s20 ms 13 Q: 3
@ | ()=t() B1
1
® | (y)=2f(x) B1
1
© | (y)=f(x+4)-3 B1 B1
2
32.9709 s20 ms 13 Q: 9
@ [-27] B1B1
2
(b) Smallest c =2 BIFT
(FT on their part (a))
1
© y:(x—2)2—1 — (15—2)2 =y+1 M1
x=2(+)Jy+1 DM1
(' (x)=2+vx+1 forx>8 Al
3
() 1 1 B1
f == OE
B (x) (x-2)" -1+1 (x-2)
. 1 B1 B1
Range of gf'is 0 < gf(x) < 5
3
33.9709_w20_ms_11 Q:11
Answer Mark Partial Marks
@ fa(x) = (ZJH—I)2 +3 Bl | OE
1
(b) y:(2x+1)2+3 = 2x+1=()y-3 M1 | 1st two operations. Allow one sign error or x/y interchanged
re ( i)% ( \/Vj 71) M1 | OE 2nd two operations. Allow one sign error or x/y interchanged
(fg’l (x):) %(m 71) for (x) >3 A1B1 | Allow (3, )
4
© | efltr)=2(x* +3)+1 Bl | SOI
(2x+1) +3-3=2(x"+3)+1 — 247 +4x-6 (=0) *M1 | Express as 3-term quadratic
(2)(1( +3)(x—l) (: 0) DM1 | Or quadratic formula or completing the square
x=1 Al
4
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34.9709_ w20 _ms 12 Q: 5

APPENDIX A. ANSWERS

Answer Mark Partial Marks
@ 0 B1
1
(b) () = x+2 )= 4-x o 4 I B1 B1 | OE. Sight of correct inverses.
4 x x
¥+6x—16(=0) B1 | Equating inverses and simplifying.

(x+8)and(x-2)

M1 | Correct attempt at solution of their 3-term quadratic-
factorising, completing the square or use of formula.

(x=)2or-8

Al | Do not accept answers obtained with no method shown.

35.9709 w20 _ms 13 Q: 1

Answer Mark Partial Marks
(a) [(x+3)2] [-4] B1B1
2
_3 B1 —thei
®) [Translation or shift] (_4] B1 FT | Accept [translation/shift] [ m:;r;)
OR ftranslation —3 units in x-direction and (translation) —4 units in
y-direction.
2
36. 9709 w20 ms_13 Q: 6
Answer Mark Partial Marks
(a) y= - x 1 S 3y y=2x = 3xp—2r=y (or —y=2x—31) *M1 | For 1st two operations. Condone a sign error
x—
H(3y-2)=y > x= ¥ (or r=—2) DM1 | For 2nd two operations. Condone a sign error
3y-2 2-3
Al —x
£ (x))=—= Allow (17 (x))=
( (x)) 3x-2 o ( (x)) 2-3x
3
(b) [2(31'71)+2] [ 6x 2y ] B1B1 AG,WW“; ) e
— = ~ = — First Bl is for a correct single unsimplified fraction.
3(3x-1) 3(3x-1) 3x-1 An intermediate step needs to be shown. Equivalent methods
accepted.
2
(c) B1

2
(fx) > 3

Allow (v) > % . Do not allow x > %




37.9709_m19 ms 12 Q: 8

785

Answer Mark Partial Marks
(i) [(x _2)2 } +[3] B1DBI1 | 2nd Bl dependent on £2 in 1st bracket
2
(ii) Largest kis 2 Accept £ <2 B1 | Must be in terms of &
1
@) | y—(x-27+3 = x-2=(x)J¥-3 M1
=f'(x)=2-Vx-3 forx>4 AlB1
3
@iv) 2 2 B1 | Either form
affx) = — = _
X —4x+7-1 (x,z) +2
Since f(x)>4=gf(x)<2/3 (or since x <letc) MI1AL1 | 2/3 in answer implies M1 www
range of gf(x) is 0 < gf(x)( < 2/3) Bl | Accept 0<y<2/3,(0,2/3)but 0 <x<2/3is
SCM1A1B0
4
38.9709 s19 ms 11 Q: 5
Answer Mark Partial Marks
(6] 72(x73)2 +15 (a=—3,b=15) B1B1 | Orseenas a=—3, b= 15 BI for each value
2
(i1) (flx) <) 15 B1 | FT for (<) their “»” Don’t accept (3,15) alone
1
(iii) of() = 2(—2x°+12x—3) + 5= 4+ 24x — 6+ 5 B1
gf(x) +1=0— 42 +24x =0 M1

x=0or6

Al | Forms and attempts to solve a quadratic
Both answers given.
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39.9709 s19_ms 12 Q: 7

Answer

APPENDIX A. ANSWERS

Mark Partial Marks

@

()= 12 oe

B1

2x+3
x-1

—(x-1py=2x+3 — x(y—l]:y+3

M1 | Correct method to obtainx =, (ory =, if
interchanged) but condone +/— sign errors

x+3

-1 = 5
(g7 (x)ory) 2 oe [egx72+1J

Al | Must be in terms of x

(5x=—40)

x#2only B1 | FT for value of x from their denominator = 0
4
(ii) 3(2x+3) 7 B1
X)=) — -2(=—
(=) =7 26
18x+27=13x—13 or 3(4x + 11)=7(x— 1) M1

Correct method from their fz= % leading to a

linear equation and collect like terms. Condone
omission of 2(x - 1) .

Alternative method for question 7(ii)

7 13 Bl
1l =12
£ 3 )] 0

M1

2 +13 = % —92x+3)=13(x— 1) (— 5x=—40) Correct method from g(x) = their ? leading to a
—
linear equation and collect like terms.
x=-8 Al
3

40. 9709_s19 _ms_13 Q: 4

Answer Mark Partial Marks
) Max(a) is 8 Bl | Allowa=8or a<8
Min(b) is 24 Bl | Allow b=24or b>24
2 | SCBI for 8 and 24 seen
(ii) 96 100 —4x B1 48
ef(x)= ———4 orgflx)=——— 2| —— |4 is insufficient
x-1 x-1 x-1
Apply ISW
1
(1ii) 9 96 M1 | FT from their(ii) provided (ii) involves algebraic fraction.
y=__Aoyid=_— 71:ﬁ Allow sign errors
- 96 Al 100
(ef) ! (x)= +1 OR “2** \Must be a function of x. Apply ISW
x+4 x+4
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41.9709 w19 ms 11 Q: 7

Answer Mark Partial Marks
(1) Range of fis 0 <f(x) <3 B1B1 | OE. Range cannot be defined using x
Range of g is g(x) > 2 B1 | OE
3
(i1) 3x B1B1 | Second B mark implies first B mark
(B)=) =
2(4+2)+1 2+5x
2
(iii) 3x M1 | Correct order of operations
y= — 2y+5xy=3x = 3x—5Sxy=2y
2+5x
H(3-51)=2y = x= 2y M1 | Correct order of operations
3-5y
. 2x Al
o) (x))=
(82 (1)) =575
3
42. 9709 _wl9 ms_13 Q: 2
Answer Mark Partial Marks
_ _a *B1 | DBI1 dependent on 3 in 1st bracket
(=) (-3 ][-2] o
¥_3= (i)\/m or y-3=(+) Jx+2 M1 | Correct order of operations
(g’l (x)):3+\/x+2 Al | Must be in terms of x
Domain (of g™} is (x) >—1 Bl | Allow (-1, ). Do not allow y > —1 or g(x) > -1 or
g™ (x] >-1
5
43.9709_s18 ms_12 Q: 7
Answer Mark Partial Marks
(1) 25 —2(x+ 3y B1 B1 | Mark expression if present: B1 for 25 and B1 for — 2(x + 3)%.
If no expression award @ =25 B1 and »=3 Bl.
2
(if) (-3,25) BI1FT | FT from answers to (i) or by calculus
1
(iii) (k) = —3alsoallowxork>-3 BIFT | FT from answer to (i) or (ii) NOT x=-3
1
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Answer Mark Partial Marks
(iv) | EITHER
y=25-2(x+3)?—2(x+3)2=25-y "M | Makes their squared term containing x the subject or equivalent
with x/y interchanged first. Condone errors with +/- signs.
x+3=()m(25-y) DM1 | Divide by £2 and then square root allow .
OR
y=7-22-12x— 23+ 12x +y -7 (=0) *M1 | Rearranging equation of the curve.
_12+. 122 —8(y-7) DM1 | Correct use of their ‘g, b and ¢’ in quadratic formula.
x= % Allow just + in place of +.
25_x Al | + gets AO. Must now be a function of x. Allow y =
—1 —
g (x)= (7] —3o0e
2
isw if substituting x =—3
3
44. 9709 s18_ms_13 Q: 10
Answer Mark Partial Marks
i) Smallest value of ¢ is 2. Accept 2, ¢ =2, ¢ > 2. Not in terms of x B1 d’y
Ignore superfluous working, e.g. w =2
1
(i) V=(x—2)2 +2%x—2=(t) [v—2 x=(i) fy—2+2 M1 | Order of operations correct. Allow sign errors
7 (x)=vx-2+2 AL | Accepty=Vx—2+2
Domain of £ is x> 6. Allow >6. BI | Not f(x)>6.Not f(x)>6.Not y>6
3
2 _ el _Js1_ A
(i) [(x—2)1+2—2J +2 =51 SOI Allow 1 term missing for M mark MIAL| ALT. £(x)=£7(51) (M1)= V51-2 42 (AD)
Or (x* ~4v+6)" —4(x* ~4x+6)+6=51
(x—2)" =49 or (> —4x+4)’ =49 Al (x—2Y +2=449+2 OR f(x) =9
OR x* —8x® +24x> —32x 33 =0 often implied by next line
(x—2) =(+)7 OR x> —4x—3=0.Ignore x’ —4x+11=0 Al (x—2)"=7 ORx = £7(9)
x=2+7 only CAO x:2+% scores 3/5 Al x:2+ﬁ
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Answer Mark Partial Marks
(a)(@) [Greatest value of a is] 3 B1 | Must be in terms of a. Allow a<3. Allowa <3
1
(a)(ii) |Rangeis y>-1 B1 | Ft on their a. Accept any equivalent notation
y= (x73)2 71%(3773)2 =1+yox=3(2) N+v M1 | Order of operations correct. Allow sign errors
£ (x)=3-1+x cao Al
3
b)) ? B1
ep(2x) = [(2;;4)2 73}
(2x-3)' —6(2x=3)" +9 Bl
2
®D | T16x* ~06x" + 2165 - 216x-+81] + [ (~24x + 725~ 54) +9 | B4,3,2,1,0
16x* —96x° +192x7 —144x + 36
4
46. 9709 w18 ms 12 Q: 9
Answer Mark Partial Marks
(i) 2y 12+ 7= Z(x 73)5‘- 11 B1 B1 | Mark full expression if present: B1 for 2(x — 3)* and B1
for—11.
If no clear expression award a =— 3 and b=—11.
2
(ii) Range (of for y) » “their — 11° B1FT | FT for their ‘b’ or start again. Condone >.
Do NOT acceptx > or >
1
=) —“their a” y BIFT
(i) (k=) ~their a” also allow x or k < 3 FT for their “a” or start again using % =0.
X
Do NOT accept x = 3.
1
(iv) y= 2(x73)2 1yt 1 =2(x— 3% ‘M1 | Isolating their (x — 3)2, condone — 11.
y+11
S (x—
5
Y1l Y11 DM1 | Other operations in correct order, allow + at this stage.
x=3+ [7J or 3— ( J Condone — 3.
2 2
B 411 Al | needs ‘. x and y could be interchanged at the start.
(g @ory)=3- ( 3 )
3
47.9709_wl8 ms_13 Q: 11
Answer Mark Partial Marks
1) [2] I:(x_3)2} [_7] B1B1B1
3
(11) Largest value of k 1s 3. Allow (k=) 3. Bl | Allow k<3 butnot x<3 as final answer.
1
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Answer Mark Partial Marks
(iif) y= Z(x— 3)1 LN (x 73)1 _ ‘/z(y+7) or with x4 transposed M1 | Ft their a, b, c. Order of operations correct. Allow sign errors
=3+ ﬂx/z( y+7) Allow 3 + < or 3 — or with x/y transposed DML | Ft their a, b, c. Order of operations correct. Allow sign errors
£ (x)=3- 4 (x+7) AL
(Domain is x) = their —7 BI1FT | Allow other forms for interval but if variable appears must be x
4
(iv) x+3<1. Allowx+3=1 M1 | Allow x+3<k
largest pis—2 . Allow (p =) -2 Al | Allow p< -2 butnot x<—2 as final answer.
fg(x)=f(x+3)=2x" -7 cao Bl
3
48.9709 ml7 ms 12 Q: 8
Answer Mark Partial Marks
® aft) = 3(207 +3)+2=6x" +11 B1|AG
fo () = 2(3 i 2)2 +3 Allow 18%% +24x +11 B1 | ISW if simplified incorrectly. Not retrospectively from (ii)
Total: 2
(ii) _ 2 1y v M1 -3
y=23x+2) 3 = 3w+ 2=(3)y(y=3)/2 oe Subtract 3;divide by 2;square root. Or x/v interchanged. Allow ,Vz
for 1st M
1 2 M1 | Subtract 2; divide by 3; Indep. of 1st M1. Or x/¥ interchanged.
= x=(x)=/(v=-3)/2-=oe
o722
= (f2)" (x) _1 (x-3)/2 2. Al | Must be a function of x. Allow alt. method g™'f!(x)
3 3 2
2 » -3 2
OR 18| x+— | +3 =(f] X)= —-=
[ 3) @7 (x) 18 3
Solve their(fg)fl (x) >0 or attempt range of fg M1 | Allow range >3 for M only. Can be implied by correct answer or x >
11
Domainis x>11 Al
Total: 5
Answer Mark Partial Marks
(iii) 6(2x)2 +11=2 [Sx +2)2 +3 M1 | Replace x with 2x in gf and equate to their fo(x) from (i). Allow

12x" +11=

6x2—24x=0 oe A1 | Collect terms to obtain correct quadratic expression.
x=0, 4 A1l | Both required
Total: 3
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Answer | Mark Partial Marks
2
fixr>—— gix—4dx+a,
3-2x
1 2 M1 | Correct first 2 steps
® y= — y(3-2x)=2—>3-2x== &
3-2x y
L oxe 372 L= 31 M1 Al | Correct order of operations, any correct form with (x)ory=
y 2 x
Total: 3
i1 2 M1 | Correct first st
@ an=snn=2 ?
5
8 7 M1 Al | Forms an equation in ¢ and finds @, OE
—+a=3 s a=—
5 5
(or 2 +a =3, MI1 Sub and solves M1, A1)
—2x
Total: 3
(1) = x—a_ Fie) M1 | Finding g™ (x) and equating to their f™'(x) evenif a=7/5
4
- x(a+6)+4(=0) M1 | Use of b* — 4ac on a quadratic with g in a coefficient
Solving (a N 6)2 —16ora’+12a+ 20(: 0) M1 | Solution of a 3 term quadratic
—a=-2or—-10 Al
Total: 4
50. 9709 s17_ms_13 Q: 9
Answer Mark Partial Marks
@ (3x - 1)1 +5 B1BIB1 | g4 2 marks dependent on correct (ax Jr.b)2 form. OR a=3,b=-1 ¢=5
e.g. from equating coefs
Total: 3
(ii) Smallest value of p is 1/3 seen. (Independent of (i)) Bl | Allow p>1/3 or p=1/3 or 1/3 seen. But not in terms of x.
Total: 1
(iii) (31} _1=(+ _ B1FT 2 2
y=(3x-1) +5=3x—1=(1)yy-5 OR y:Q(x—%) +5:(y—5)/9:(x—%} (Fresh start)
x=(£)% fy —5+1 OE B1 FT | Both starts require 2 operations for each mark. FT for their values from part
()
£ (x)=1% [x—5+ % OE domainis x> theirs B1B1 FT | Must be a function of x and + removed. Domain must be in terms of x.
Note: \/y—5 expressed as J; —+/5 scores Max BOBOBOB1
[See below for general instructions for different starts]
Total: 4
(iv) g<5 CAO B1
Total: 1
Al (iii) For start (ax — b)? + ¢ or a(x — b)% + ¢ (a= 0) ftfor theira, b, ¢

For start (x — b)? + ¢ ft but award only B1 for 3 correct operations

For start a(bx — ¢)? + d ft but award B1 for first2 operations correct and B1 for the next 3 operations correct
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51.9709 _wil7_ms_11 Q: 9

Answer Mark Partial Marks
® 2g(x) =g(2v—3)=2(2x-3)-3=4x-9 M1A1
2
(i) ye 21 ) _1 +9 OF M1 | Invert; add 9 to both sides or with x/» interchanged
x -9 v
1 Al
7 (x)=,[—+9
()=
1 M1
Attempt soln of ,[—+9 >3 or attempt to find range of f.
x
(y>0)
Domain is x>0 CAO Al | May simply be stated for B2
4
Answer Mark Partial Marks
(iii) | EITHER: ™1
v 1
(2x-37-9 7
(2x-3)' =16 or 4> ~12x-7=0 Al
x=720r-172 Al
x=7/2 only Al)
OR: ™1
1
¥)= | =
gx) ( 7)
gx)=4 Al
2c-3=4 Al
x=1/2 AD
4
52. 9709 w17 _ms_12 Q: 2
Answer Mark Partial Marks
@ 4-x Bl | OE
5
Equate a valid attempt at ' with £, or with x, or f with x M1, Al | Equating and an attempt to solve as far x =.
2 2 Both coordinates.
— 2,2 or (0.667, 0.667)
33
3
(ii) B1 | Line y = 4 — 5x — must be straight, through approximately (0,4)
P and intersecting the positive x axis near (1,0) as shown.
1
i Bl | . 4-x . .
\ y; Line y = -~ - must be straight and through approximately
| s
{ \ / (0, 0.8). No need to see intersection with x axis.
IRE.
.|

R B1 | A line through (0,0) and the point of intersection of a pair of
E — straight lines with negative gradients. This line must be at 45°

3 = unless scales are different in which case the line must be labelled
V=X,
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53. 9709 w17 ms 13 Q: 6
Answer | Mark Partial Marks
® y== = x*=Z+1 OE Mi
x -1
—(%) \/? OF A1l | With or without x/y interchanged.
- ()= %+1 OF A1l | Minus sign obligatory. Must be a function of x.
3
Answer | Mark Partial Marks
x -1
22 = ()2 OE OR ¥ _22=0 OE B1 | Condone x* =0 as an additional solution
PR
¥ -1=(£)1 = x*=2(or0)
x=—2 or —1.41 only
4
54. 9709 ml6 ms 12 Q: 8
Answer Mark Partial Marks
(i) 2a+4b=8 M1 Substitute in -2 and -3
2a* +3a+4b =14 Al
2a* +3a+(8-2a)=14—> (a+2)(2a-3)=0 M1 Sub linear into quadratic & attempt
solution
a=-2 or3/2 Al If AOAO scored allow SCAL for either
b=3 or 5/4 Al (—2,3) or (3/2, 5/4)
I51
17 13 -
(ii) y= ( X— EJ — Attempt completing of square M1A1 Allow with x/y transposed
oL (£) [+ B e DM1 Allow with x/y transposed
2 4
£ (x) _%_ B oe Al Allow y =..... Must be a function of x
B 13
Domain of f™ is (x)>-13/4 BIY 5] Allow =, ~13/4< xS0, [_T’w] ete
55.9709 s16_ms 12 Q: 1
Answer Mark Partial Marks
fix—10-3x, g:x— ,
3-2x
fiix)= 10— 3(1 0- 3x) B1 Correct unsimplified expression
ef(2) = __1 =-2) B1 Correct unsimplified expression
3-2(10-3(2)) with 2 in for x
x=2 B1
[3]




794

56. 9709 s16 ms 12 Q: 11

APPENDIX A. ANSWERS

Answer Mark Partial Marks
fix—6x—x*—5
(i) 6x—-x2—5<3
—-x2—6x+8>=0 M1 i(6xfx278):,<,20 and
attempts to solve
—x=2,x=4 Al Needs both values whether =2, <2,
>2
x<2,x>4 Al Accept all recognisable notation.
condone < and/or > [3]
(ii) Equate mx +c¢ and 6x —x>—5 M1 Equates, sets to 0.
Use of “b* —4ac" DM1 Use of discriminant with values of
a.b.c independent of x.
de=m?—-12m+16. AG Al = (0) must appear before last line.
OR
6—
Y =6-2x=m—o>x= (—mj M1 Equates L4 to m and rearrange
dx 2 dx
2
6— 6— 6—
m[—mj+c—6(—mj—(—mJ -5 M1 Equates mx +¢ and 6x —x2— 5
2 2 2 and substitutes for x
de=m*-12m+16. AG Al
[3]
(iii) 6x —x>—5=4—(x-3)* B1B1 4B1—(x—3)*BI
(2]
(iv) k=3. B1/ I for « b7
[1]
M1 A1 | Correct order of operations.

v) g'(x)=d-x +3

[2]

v4-x+3 MIAO

Jx—4+3 M1AO
JA—y +3 MIAO
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57.9709_s16_ms_13 Q: 10

Answer Mark Partial Marks
() | 2(ax* +b)+3=6x"-21 M1
a=3,b=-12 AlAl
(31
(i) 3x° =120 or 6x*-21=3 M1 Allow = or < or > or <. Ft from
their a, b
x<—2 ie. (max)g=-2 Al Must be in terms of g (eg g <—-2)
[2]
(iii) ¥ = 6(-3)° —21= range is(y) > 33 B1 Do not allow y > 33.Accept all other

[1] | notations
e.g. [33, ) or [33, ]

(V) | y=62>—21= x=(%) y+621 M1
_ +21 S
(fe) " (x)=— ol Al Allow y =...... Must be a function
6 £
orx
Domain is x >33 B1Y ft from their part (iii) but x
[3] | essential
58.9709 w16 ms 11 Q:8
Answer Mark Partial Marks
i) | fe(x) = 5x MI1A1 only
Range of fgis y >0 oe B1 Accept y>0
(31
(i) | y=4/(5x+2)= x=(4-2y)/5y oc M1 Must be a function of x
g’](x):(4f2x)/5x oe Al
0, 2 with no incorrect inequality B1,B1
0<x<2 oe,c.ao0. B1
(5]
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59. 9709 w16 _ms_13 Q: 8

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(i) (2x + 3)2 +1  Cannot score retrospectively in (iii) B1B1B1 For a=2,6=3,¢c=1
[3]
(ii) g(x) =2x+3 cao B1 In (ii),(iii) Allow if from
o)
4 x+—| +1
2
(i) | y=(2x +3)2 +1=>2x+3=(+)y/y—1 or ft from (i) M1 Or with x/y transposed.
x= (i)lﬂ fy-1 _3 ot fi from (@ M1 Or with x/y transposed Allow
2 2 sign errors.
(fg)f1 (x) :%\/x -1 f% cao Note alt. method g 'f™' Al Must be a function of x. Allow y
Domain is (x)>10 B1 Allow (10, w0), 10 < x < o0 et.
[4] | but not with y or for g involved.
Not >10
ALT. method for first 3 marks:
Trying to obtain g [ 7 (x)} M1
gt =%(x-3), T DM1 Both required
Al for l\/xflfi Al
2 2
60. 9709 _s15 ms 12 Q: 11
Answer Mark Partial Marks
f: x> 2x" —6x+5
(i) 2x* —6x+5— p =0 has no real roots M1 Sets to 0 with p on LHS.
Uses b° —4ac —36—-8(5—p) DM1 Uses discriminant.
Setsto 0 — p< 1 Al co — must be “<”, not “<"".
[3]
(i) 27 —6x+5=2x—3f +1 3xBl | co
[3]
(iii) Rangeofg 1 <g(x) <13 . .
BI¥ Bl | ¥ on(ii) cofromsubofx=4
[2]
h: x>2x"—6x+5 forksx=<4
(iv) Smallest k= 3 Bl 4 on (ii)
[1]
v) h(x) = 2(x - %)2 +1 M1 Using comp square form to try and
get x as subject or y if transposed.
Order of operations 1, +2, v, + 3 DM1 Order must be correct
— Inverse = 3+ (§_%) Al co (without £)
[3]
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Answer Mark Partial Marks
(i) | Attempt to find (f7')™' M1
1 5 . .
2xy=1-5x or P =y+ 5 Allow 1 sign error | Al Or with x/y transposed.
X
1
x= oe Allow 1 sign error (total) Al Or with x/y transposed. Allow x = 2 _
2
1 9 o
f(x)=—— forx=—-— Al B1 Allow z2_. Condone x>=2 , (_—9, )
2x+5 4 X+ = 4 4
9 2
(Allow 2 Sx<w) [S] | (etc.)
" _5
(i) -1 (l)_ x M1 Reasonable attempt to find £~ (%) .
x/ 2
X
x-5 15 Al
2 2 2 [2]
62. 9709 _wls ms 11 Q: 9
Answer Mark Partial Marks
M | —()(x-3) +4 B1B1B1
(3]
(i) | Smallest (m) is 3 B1+ Acceptm >3, m =3. Notx > 3.
[1] | Ft their b
(i) | (x=3)? =4-y M1 Or x/y transposed. Ft their a, b, c
Correct order of operations M1
f1(x)=3+4—x cao Al Accept y= if clear
Domainis x < 0 B1
(4]
63. 9709 _wls ms 12 Q:1
Answer Mark Partial Marks
fix—3x+2, gixr—4dx—12 B1
-2
=2 ; B1
ef(x) =4(3x+2)—12 M1 Equates, collects terms, +soln
Equate — x= 2 Al
’ [4]
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64. 9709 w15 _ms 12 Q: 8

APPENDIX A. ANSWERS

Answer Mark Partial Marks
fixox>+ax+b,
(i) B1 for (x +3)2. Bl for—17
¥t +6x—-8=(x+3)2-17 B1 B1 or Bl forx=—-3, Bly=—17
or 2x+6=0 - x="3—-y=-17
— Range f(x) > —17 B1+ Following through visible method.
[3]
() | (x—k(x+2k)=0 M1 Realises the link between roots and
=2 +5x+h=0 the equation
— k=5 Al comparing coefficients of x
— b=-2k =-50 Al
[3]
(ii) | (x+a) +a(x+a)+b=a M1 Replaces “x” by “x + ¢” in 2 terms
Uses b —4ac — 90> —4Q2a*>+ b —a) DM1 Any use of discriminant
— @ <4(b-a) Al
[3]
65. 9709 wl5 ms_ 13 Q: 8
Answer Mark Partial Marks
(i) 3x +1<-1 (Accept3x+1=-13a+1=-1) M1 Do not allow gf'in (i) to score in (iii)
x< —2/3 = largest value of @ is — 2/3 (in terms Al Accept a<—2/3 and a=-2/3
ofa) [2]
(ii) fg(x)=3(-1-x?)+1 B1 No marks in this part for gf used
fg(x) + 14 = 0= 3x> =120¢ (2 terms) B1
x=-2only B1
(iii) 2 Bl
gftr)=-1-(x+1)"oe B1 No marks in this part for fg used
gf(x) < =50 = (3x +1)* >49 (Allow < or = Mi OR attempt soln of 9x* + 6x — 48 + /
3x+1>7 or 3x +1< -7 (one sufficient) www Al </=0
x<—8/3 only WWW Al OR x—2 3 or 3x +8< 0(one suffic)
[4]
66. 9709_m22 ms_ 12 Q: 2
Question Answer | Marks i Guidance
2 +2cx+4=4x+c leadingto x*+2cx—4x+4—c [: 0] *M1 | Equate ys and move terms to one side of equation.

b’ —dac=(2c— 4)2 —4(4-c) DMI1 | Use of discriminant with their correct coefficients.
[4c® ~16c+16-16+ 4c=] 4c’ ~12¢ Al

b* —4ac >0 leading to (4)c(c—3)>0 M1 | Correctly apply ‘> 0’ considering both regions.
c<0,c>3 Al | Must be in terms of c.

SC Bl instead of M1Al forc € 0,¢c> 3
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Question Answer Marks Guidance
(a) (x +1)2 +(3x— 22)2 -85 M1 | OE. Substitute equation of line into equation of circle.
10x% —130x + 400 [=0] Al | Correct 3-term quadratic
[1()] (x—8)(x—5) leadingto x=8 or5 Al | Dependent on factors or formula or completing of square
seen.
(8,4), (5.-5) Al | FM1A1AOAOQ scored, then SC B1 for correct final answer
only.
4
(b) Mid-point of AB = (6% ,7%) M1 | Any valid method
Use of C=(-1,2) B1 | SOI
»? :(—1—6%)Z -+-(2-+—%)2 M1 | Attempt to find 7. Expect 2 =621.
Equation of circle is (x+1)* +(y—2)" =621 Al | OE.
4
68.9709_m21 ms 12 Q: 4
Question Answer Marks Guidance

X +he+6=3x+k leadingto x’+x(k-3)+(6-k)[=0]

M1 | Eliminate y and form 3-term quadratic.

(k—3)" —4(6-k)[>0]

M1 | OE. Apply b - 4ac -

K -2k-15[>0]

Al | Form 3-term quadratic.

(k+3)(k-5)[>0]

Al | Or k=-3, 5 from use of formula or completing
square.

k<=3, k>5

A1 FT | Or any correct alternative notation, do not allow

<.z
FT for their outside regions.

5
69. 9709_m21 ms_ 12 Q: 8
Question Answer Marks Guidance
(a) Centre of circle is (4, 5) B1B1
2 (7 4V +(1-5) M1 | OE. Either using their centre and A4 or C or using 4
r=(1-4) +(1-9) and C and dividing by 2.
r=35 A1 FT | FT on their (4, 5) if used.
2
Equation is (x— 4)2 +(y- 5)2 25 Al | OE. Allow 5° for 25.
5
(b) Gradient of radius = 2= - 4 B1 FT | FT for use of their centre.
7-4 3
Equation of tangent is y79:7%(x—7) Bl or y:ﬂ;r%
2
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70.9709 s21 ms 11 Q: 10

APPENDIX A. ANSWERS

Question Answer Marks Guidance
@ Wheny=0 x°—4x—77=0 [= (x+7)(x-11)=0 or (x—2)’ =81] M1 | Substituting y=0
So x-coordinates are —7 and 11 Al
2
Question Answer Marks \ Guidance
(b) Centre of circle Cis (2, —3) Bl

Gradient of AC is 7§ or Gradient of BC is %

M1 | For either gradient (M1 sign error,
MO if x-coordinate(s) in numerator)

Gradient of tangent at 4 is 3 or Gradient of tangent at B is —3

M1 | For either perpendicular gradient

Equations of tangents are y = 3x + 21, y =—3x+ 33

Al | For either equation

Meet when 3x +21 =—3x + 33

M1 | OR: (centre of circle has x coordinate 2) so x
coordinate of point of intersection is 2

Coordinates of point of intersection (2, 27)

Al

Alternative method for Question 10(b)

Implicit differentiation: Zy% seen

Bl

2x—4+2ydl+6d—y =0
dv  dv

M1 | Fully differentiated = 0 with at least one term
involving v differentiated correctly

Gradient of tangent at A is 3 or Gradient of tangent at B is —3

M1 | For either gradient

Equations of tangents are y = 3x + 21, y=—3x + 33

Al | For either equation

Meet when 3x +21 =—3x + 33

M1 | OR: (centre of circle has x coordinate 2) so x
coordinate of point of intersection is 2

Coordinates of point of intersection (2, 27)

Al

71.9709_s21_ms_12 Q: 6

Question Answer Marks Guidance
B1 | SOI
Gradient AB = %
Li ¢ when —2x44 = 1 ( B S) +3 *M1 | Equating given perpendicular bisector with the line through
1nes meet when —2x+4= ) x (8, 3) using their gradient of AB (but not -2) and solving.
Solving as far as x = Expectx=2,y=0.
Using mid-point to get as faras p=or g = DMI1 Expect 8+p 7 or 3+q -0
2 2
p=—4qg=-3 Al | Allow coordinates of B are (—4, —3).
Alternative method for Question 6
Bl | SOI
Gradient AB = %
qg-3_1 leadi _ *M1 | Equating gradient of AB with their gradient of AB (but not -2) and
p-8 ) [ eading to 2¢ = p - 2]’ using mid-point in equation of perpendicular bisector.
L;?’ :—2[—8;p]+4 [leading to g =-11-2p)]
Solving simultaneously their 2 linear equations DM!1 | Equating and solving 2 correct equations as farasp=org=.
p=—4qg=-3 Al | Allow coordinates of B are (—4, —3).
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Question Answer Marks ‘ Guidance
Alternative method for Question 6
. 1 Bl
Gradient AB = 3
q-3_1 . _ *M1 | Equating gradient of 4B with their gradient of 4B (but not -2) and
P8 ) [leadmg top=2q+ 2]’ using mid-point in equation of perpendicular bisector.
+3 . 5q+23
yf% =-2(x—(g+5)) [lea.dmg toy= 72x+qT}
DM1 uating and solving as far as g or p =
tkeir5q+23:4:>q: Eaq & g gorp
p=—4qg=-3 Al | Allow coordinates of B are (—4, —3).
4
72.9709 s21_ms 12 Q: 7
Question Answer Marks Guidance
a 11-5 M1 | For substituting (1,5) into circle equation or showin,
@ | s_1ptr1-5P=5200 . 3 g (1.5) e ¢
- adient== .
& 2
For both circle equation and gradient, and proving line is Al | Clear reasoning.
perpendicular and stating that A lies on the circle
Alternative method for Question 7(a)
M1 | Both equations seen and attempt to solve.
(x=5) +(y-11)° =52 and y—5=-2(x-1) cauhons Jeen 2 v
3 May see y=——xX+—
3 3
Solving simultaneously to obtain (¥ —5)*=0or (x—1>=0=1 Al | Clear reasoning.
root or tangent or discriminant =0 = 1 root or tangent
Alternative method for Question 7(a)
dy 10-2x 10-2 M1 | Attempting implicit differentiation of circle equation and
E:Zy_zzzlo_zz substitute x = 1 a.ndy:5.
2 Al | Clear reasoning.
Showing gradient of circle at A is -3 €
2
(b) Centre is (-3, —1) B1 B1 | BI for each correct co-ordinate.
Equation is (x + 3)* + (¥ + 1)’ = 52 B1 FT | FT their centre, but not if either (1, 5) or (5, 11). Do not accept
527
3
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73.9709_s21_ms_13 Q: 3

APPENDIX A. ANSWERS

| Question

Answer

Marks

Guidance

¥ —4x+3=mx—6 leading to xz—x(4+m)+9

*M1

Equating and gathering terms.
May be implied on the next line.

b’ —dac leading to (4+ m)l _4%9 DMI1 | SOL Use of the discriminant with their a, b and
c

4+m=%6 or(m—2)(m+10)=0 leading to m =2 or-10 Al | Must come from b —4ac =0 SOI

Substitute both their m values into their equation in line 1 DM1

m =2 leading to x =3 ; m =—10 leading to x =3 Al

(3,0),(=3,29) Al | Accept'whenx =3, y=0; whenx=-3, y=24'

If final AOAO scored, SC B1 for one point
correct WWW

Alternative method for Question 3

*M1
@:2x74 —2x-4=m
dx
¥ —4x+3=(2x-4)x-6 DM1
X —4x+3=2x" —4x-6-9=x" > x=43 Al
=0, 24 or (3, 0), (-3, 24) Al
Substitute both their x values into their equation in line 1 DML | Or substitute both their (x,y) into y=mx—6
Whenx=3,m=2; whenx=-3,m=-10 Al | If A0, DM1, A0 scored, SC B1 for one point
correct WWW
6
74.9709_s21_ms_13 Q: 10
| Question Answer Marks Guidance
M1 | Attempting to find ired gradients, sid
@ Gradient of AB = 2 , gradient of BC = 3 or lengths of all 3 sides or vectors Ctuptig fo Hd required gracients, sides of
5 3 vectors
m,m, =-1 or Pythagoras or AB.BC=0or cos ABC=0 from cosine rule Al | WWW
2
(b) Centre = mid-point of AC = (2,4) B1
1
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] Question Answer Marks Guidance
(© (x —theirx_ )2 +(y—theiry, )2 [2 2 } or (theirx_— x)Z +(theiry -y )Z = [rz} M1 | Use of circle equation with their centre
(x-2) +(y-4)y =17 Al | Accept x* —4x+y* -8y+3=0 OE
2
(d) 3 0 -1 M1 | Use of mid-point formula, vectors, steps on a
(% ,—y; J:(2,4) orBEZZBD=2[4J v,

Substitute equation of BE into circle and form a 3-term quadratic.

Or Equation of BE is y=—4(x-3)or y—4=—4(x-2) leading to y=—4x+12

May be seen to find x coordinate at £

Al |E=(1.8)
Accept without working for both marks SC B2

(=) oor =[]+ 7)<
1

Gradient of BD, m, =—4 or gradient AC :Z = gradient of tangent

B1 | Or gradient of BE=-4

Equation of tangent is y—8=Y(x-1) OE

M1 A1 | For M1, equation through their E or (1, 8) (not,

A, B or C) and with gradient —
their —4

75.9709 w2l _ms_11 Q: 2

2
—<k<2
5

Question Answer Marks Guidance

ko +2x—k=hkx-2 leadingto kx’+(—k+2)x—k+2[=0] *M1 | Eliminate y and form 3-term quadratic. Allow 1 error.

(7k+2)274k(7k+2) DM1 | Apply 52 — 4ac ; allow 1 error but a, b and ¢ must be
correct for their quadratic.

52 —12k+4 or (—k+2)(—k+2—4k) A1l | May be shown in quadratic formula.

(7k + 2)(75]; + 2) DM1 | Solving a 3-term quadratic in £ (all terms on one side) by
factorising, use of formula or completing the square.
Factors must expand to give their coefficient of &2

Al | WWW, accept two separate correct inequalities.

If MO for solving quadratic, SC B1 can be awarded for
correct final answer.




804

76.9709 w2l _ms_11 Q: 7

APPENDIX A. ANSWERS

Question Answer | Marks Guidance
@ | f=(5-2) +(7-5)" =13 Bl| ;2213 or r=y13
Equation of circle is (x _5)1 +(y _2)2 -13 B1 FT | OE. FT on their 13 but LHS must be correct.
2
(b) (x—5)2+ (5x—10—2)2:13 M1 | Substitute y=5x-10 into their equation.
26x* ~130x+156 [=0] A1 FT | OE 3-term quadratic with all terms on one side.
FT on their circle equation.
[26](x 72) (x, 3) [: ()] M1 | Solve 3-term quadratic in x by factorising, using formula or
completing the square. Factors must expand to give their
coefficient of x%.
(2,0), (3,5 Al A1l | Coordinates must be clearly paired; A1 for each correct
point. A1 AQ available if two x or y values only.
If MO for solving quadratic, SC B2 can be awarded for
correct coordinates, SC B1 if two x or y values only.
(AB)Z :(3 _ 2)2 + (5_ 0)2 M1 | SOL Using their points to find length of AB.
AB=-26 Al | ISW. Dependent on final M1 only.
Question Answer | Marks Guidance
(b) Alternative method for question 7(b)
2 M1
[ y+10 5) +(y- 2)* =13 Substitute x = y+10 into their equation.
26)° 26y Al FT | OE 2-term quadratic with all terms on one side. FT on their
? 5 [=0] circle equation.
[25] y( y- 5) [: 0] M1 | Solve 2-term quadratic in y by factorising, using formula or
completing the square. Factors must expand to give their
coefficient of .
(2,0), (3,5 A1 A1 | Coordinates must be clearly paired; Al for each correct
point. Al A0 available if two x or y values only.
If MO for solving quadratic, SC B2 can be awarded for
correct coordinates, SC B1 if two x or y values only.
(AB)2 :(3 _ 2)2 4 (5_ 0)2 M1 | SOL Using their points to find length of AB.
AB=426 A1 | ISW. Dependent on final M1 only.
7
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Question Answer Marks Guidance
(a) P (2x +5)2 =20 leadingto x®+4x?+20x+25=20 M1 | Substitute y =2x+35 and expand bracket.
(5)(12+4x+1)[:0] A1 | 3-term quadratic.
4+ 16-4 M1 | OE. Apply formula or complete the square.
=N
2
A=(—2+«f§l+2v§) A1l | Or2 correct x values.
B= (,2 _ \E 1- 2\,@) A1l | Or all values correct.
SC B1 all 4 values correct in surd form without working.
SC B1 all 4 values correct in decimal form from correct
formula or completion of the square
AB® = their( 1 —x )2 + rheir( T )1 M1 | Using their coordinates in a correct distance formula.
2 2 Condone one sign error in x, —x; 0f ¥, —y
[ AB®=48+12 leading m] AB = m Al | OE. CAO. Do not accept decimal answer. Answer must
come from use of surd form in distance formula.
7
Question Answer Marks Guidance
(b) 2em? ( x 710)2 —20 *M1 | Finding equation of tangent and substituting into circle
equation.
P ( m+ 1) —20mx + 20( sm? _1) [: O] DMI1 | OE. Brackets expanded and all terms collected on one side
of the equation.
[5° - 4ac =]400m* - 80 (mj + 1)(5m1 _ 1) M1 | Using correct coefficients from their quadratic equation.
400m* —80(5m* +4m> 1) =0 — (-80)(4m* -1)=0 Al | OF. Must have *=0” for Al.
1 Al
m=x—
2
Alternative method for question 9(b)
Length, / of tangent, is given by I* =10% - 20 M1
1=+/80 Al
J20 1 M1 A1 | Where « is the angle between the tangent and the x-axis.
tan = ——=—
80 2
1 Al
m=t—
2
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APPENDIX A.

Answer Mark Partial Marks
(a) Centre = (2,-1) B1
2 2 2 2 2 Ml 1
r?=[2-(=3)] +[-1-(-5)] or [2-7] +[-1-3] OE OR E[(—3—7)2 +(-5-3)"] 0B
(x _2)7- +(y+ 1)2 =41 Al | Must not involve surd form
SCB3 (x+3)(x=7)+(y+5)(y-3)=0
3
(b) . 8 BI1FT | SOI
Centre = their (2,-1) + { 4l (10.3) FT on their (2, -1)
(x- 10)1 +(y _3)2 = their 41 BIFT | FT on their 41 even if in surd form
SCB2 (x-5)(x-15)+(y+1)(y-7)=0
2
B1
© Gradient m of line joining centres = % OE
Attempt to find mid-point of line. M1 | Expect (6, 1)
i i —1=-2(x- M1 -
Equation of RS is y—=1=-2(x~6) Through their (6, 1) with gradient —-
m
y=-2x+13 Al | AG
Alternative method for question 12(c)
(x=2)" +(y+1)° —41=(x-10)" +(»-3)’ —41 O M1
2 —4x+4+ Y’ +2y+1=x" —20x+100+ y* —6y+9 OE A1l | Condone 1 error or errors caused by 1 error in the first line
16x+8y=104 Al
y=-2x+13 Al | AG
4
(d) (x—lO)z +(—2x+13—3)2 =41 M1 | Or eliminate y between C; and C;
x% —20x+100+ 4x" —40x +100 = 41 - 5x* — 60x+159=0 Al | AG
2

ANSWERS
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(a) Centre is (3, 1) B1
Radius = 5 (Pythagoras) B1
Equation of C is (xf}})2 +(y*1)2 =25 Alhli['ll“
(FT on their centre)

4

(b) Gradient from (3, 1) to (7, 4) = % (this is the normal) B1

M1
Gradient of tangent = *%
L 4 MI1A1
Equation is y74:7§(x77) or 3y+4x=40
4

(c) B is centre of line joining centres — (11, 7) B1
Radius =5 M1
New equation is (chll)2 +(y*7)2 =25 AIFT
(FT on coordinates of B)

3
80. 9709 s20_ms_12 Q: 6

(a) 2 +he+k-1=2x+3 — 2 +(k=2)x+k—-4=0 M1
Useof b —4ac=0— (k-2 =8(k-4) M1
k=6 Al

3
® 1
2+ 2x+1= 2(x+7}+175
a=lp-1 B1B1
2 2
11 BIFT
vertex | ——,—
22
(FT on a and b values)
3
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81.9709 s20 ms_12 Q: 11

@ | Bxpressas (x—4)1+(y+2)2 =16+4+5 M1
Centre C(4. —2) Al
Radius = {25 =5 Al

3
. 4 BIFT

® P(1,2) to C(4,—2) has gradient *g

(FT on coordinates of C)
3 M1
Tangent at P has gradient = n
- 3 Al
Equationis y-2 :Z(x—l) or4y=3x+5
3

(c) © has the same coordinate as Py =2 B1

Qs as far to the right of Cas Px=3+3+1=70(7,2) B1
2

d BIFT

@ Gradient of tangent at Q = *% by symmetry
(FT from part (b))

. 3 M1
Eqn of tangent at Q is y -2 :72(1«777) or4y+3x=29
17 Al
T4, —
( n )
3
82.9709 s20 ms 13 Q: 1
3 +2x+d=mx+1 — 3% +x(2-m)+3 (=0) Bl
(2-m)* =36 soI M1
m+dHm—-8)(>/=0)or 2—-m>=6and2-m</=-6 OE Al
m<—4,m>8 WWW Al
Alternative method for question 1
M1
%:m—FZ%m:ﬁx#—Z —3x +2x+4=(6x+2)x+1
x=%1 Al
m=16+2 — m=8 or -4 Al
m<—4,m>8 WWW Al
4

83.9709_w20_ms_11 Q:1

Answer Mark Partial Marks
2x +5=mx-3 — 2x* —mx +8 (=0) B1 | Form 3-term quadratic
m? — 64 M1 | Find b* - 4ac .
—-8<m<8 Al | Accept (-8, 8) and equality included
3
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Answer Mark Partial Marks
(@ L | Bl
-1-3 2
Equation of tangent is ¥ —2=2(x-3) BIFT (3. 2) with their gradien —mi
48
2
®) AB? =4 +22 =20 or #2 =20 or r=+/20 or 4B=+/20 B1
Equation of circle centre B is (3:73)2 +(v 72)2 =20 ML Al | FT their 20 for M1
3
(c) (x—3)2 +(2x—6)2 = their 20 M1 | Substitute their y —2=2x—6 into their circle, centre B
552 ~30x+25=0 or 5(x-3)" =20 Al
[(5)(x-5)(x-1) or x-3=#2] x=51 Al
3
85.9709 w20 ms 12 Q:3
Answer Mark Partial Marks

25" +m(2x+1) - 6x-4(=0)

*M1 | y eliminated and all terms on one side with correct
algebraic steps. Condone + errors

Using 52 —4ac on 2x* +x(2m—6)+m—4 (=0)

DMI1 | Any use of discriminant with their a, b and ¢ identified
correctly.

4m® —32m+68 or 2m* —16m+34 or m* —8m+17

Al

(mes)2 +k or (m74)1 +k or minimum point (4.%)
or finds b*—4ac (=—4,-16.-64)

DM1 | OE. Any valid method attempted on their 3-term quadratic

(m —4)2 +1 oe + always > 0 — 2 solutions for all values of m

or

Mininum point (4,1) + (fn) always > 0 — 2 solutions for all values of m

or

b? —4ac <0 + no solutions — 2 solutions for the original equation for all

values of m

Al | Clear and correct reasoning and conclusion without wrong
working.
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86. 9709 w20 ms_12 Q: 9

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(a) F= (62 +32) orf =45 B1 | Sight of r = 6.7 implies B1
(x—5P+@—12=ror £ —10x+1° -2y =1 —26 M1 | Using centre given and their radius or r in correct formula
_ —1e= 2 2 — 2
(x= 5P+ —1¢=450r ¥ ~10x+y7 -2y =19 A Do not allow (/45 ) for 2
3
(b) C has coordinates (11, 4) B1
0.5 B1 | OE, Gradient of AB, BC or AC.
Grad of CD =-2 M1 | Calculation of gradient needs to be shown for this M1.
1 . Al | Clear reasoning needed.
(EX —2=-1) then states + perpendicular — hence shown or tangent
Alternative method for question 9(b)
C has coordinates (11, 4) B1
0.5 B1 | OE, Gradient of AB, BC or AC.
Gradient of the perpendicular is —2 M1 | Use of mym; =—1 with their gradient of 4B, BC or AC and
— Equation of the perpendicular is y — 4 = —2(x - 11) correct method for the equation of the perpendicular.
Could use D(5, 16) instead of C(11,4).
Checks D(5, 16) or checks gradient of CD and then states A1l | Clear check and reasoning needed. Checks that the other
D lies on the line or CD has gradient —2— hence shown or tangent point lies on the line or checks gradient.
(b) Alternative method for question 9(b)
C has coordinates (11, 4) or Gradient of AB, BC or AC=0.5 B1 | Only one of AB, BC or AC needed.
Equation of the perpendicular is y—4=-2(x~-11) B1 | Finding equation of CD.
(x =5 +(=2x+26-1)? =45— (¥* = 22x+121 = 0) M1 | Solving simultaneously with the equation of the circle.
(x—11)>=0 or »*—4ac =0 — repeated root — hence shown or tangent Al | Must state repeated root.
Alternative method for question 9(b)
C has coordinates (11, 4) B1
Finding CD =+/180 and BD =+/225 B1 | OE. Calculated from the co-ordinates of B, C & D without
using r.
Checking (their BD)?— (their CD) is the same as (their r)? M1
. Pythagoras valid . perpendicular — hence shown or tangent Al | Triangle ACD could be used instead.
Alternative method for question 9(b)
C has coordinates (11, 4) B1
Finding vectors AC and CD or BC and CD B1 | Must be correct pairing.
6 —6 12 —6
= and or and )
3 12 6 12
Applying the scalar product to one of these pairs of vectors M1 | Accept their AC and CD or their BC and CD
Scalar product = 0 then states .. perpendicular — hence shown or tangent Al
4
© E(-1,4 B1B1 | WWW
BI for each coordinate
Note: Equation of DE which is ¥ =2x+ 6 may be used to
find £
2
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Answer Mark Partial Marks
37" —4x+d=mx+m—-1 — 3x° —(4+m)x+(5-m) (=0) M1 | 3-term quadratic
»* 74ac:(4+m)1 —4x3x(5-m) M1 | Find b* — 4ac for their quadratic
m* +20m - 44 Al
(m+22)(m —2) Al | Oruse of formula or completing square. This step must be seen
m>2 ,m<-22 Al | Allow x>2 |, x<-22
5
88.9709 ml19 ms_12 Q: 10
Answer Mark Partial Marks
® 452 =x+3 > M1 | Eliminate y from the 2 equations and then:
(") —4x"? +3 (=0) OR 16x= 2 +6x+9 Either treat as quad in x"* OR square both sides and
RHS is 3-term
x"*=lor 3 x*—10x+9 (=0) Al | Ifin 1st method x*? becomes x, allow only M1 unless
subsequently squared
x=1lor9 Al
y=4orl2 Alft | Ft from their x values
If the 2 solutions are found by trial substitution B1 for
the first coordinate and B3 for the second coordinate
AB*=(9-1) +(12-4)’ M1
AB=1/128018y2 ocor 113 Al
6
(if) dydy=2x7" B1
2x V2 = M1 | Set their derivative = their gradient of 4B and attempt
to solve
(4. 8) Al | Alternative method without calculus:
Mas= 1, tangent is y = mx + ¢ where m = 1 and meets
y=4x'"2 when 4x'? = x + c. This is a quadratic with
b’=4ac,s0 16 -4 X 1 X ¢=0so0c=4B1 Solving
45" =x+4 givesx =4 andy = 8 M1A1
3
(iii) uation of normal is v —8=-1(x—4 M1 | Equation through their T and with gradient —1/their
Eq ]
gradient of AB. Expect y=—x+12,
Eliminate y (orx) — —x+12=x+3 or y—-3=12—-y M1 | May use their equation of AB
(4%, 744) Al
3
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89.9709 s19 ms 11 Q: 2

APPENDIX A. ANSWERS

Answer Mark Partial Marks
) Eliminates x ory — »*—4y+c¢—3=0 M1 | Eliminates x or ¥ completely to a quadratic
or x? +(2c—16)x+cz—48 =0
Uses b2=4ac — 4c—28=0 M1 | Uses discriminant = 0. (c the only variable)
Any valid method (may be seen in part (i)
c=17 Al
Alternative method for question 2(i)
dy 1 1 M1
d 2J(x+3) 4
Solving M1
c=17 Al
3
(ii) Usesc=7,"—4r+4=0 M1 | Ignore (1,-2), c=9
(1,2) Al
2
90. 9709 _s19 ms 11 Q: 4
Answer Mark Partial Marks
[6))] Gradient of AB = —%: — Gradient of BC=2 M1 | Use of m;.m, =—1 for correct lines
Fotms equation in 3n-2 s M1 | Uses normal line equation or gradients for A.
h=2 Al
Alternative method for question 4(i)
Vectors AB.BC=0 M1 | Use of vectors AB and BC
Solving M1
h=2 Al
Alternative method for question 4(i)
Use of Pythagoras to find 3 lengths M1
Solving M1
h=2 Al
3
(ii) v coordinate of D is 6, (3 x “their’ h) Bl | FT
j:gzz —x=7—D(7,6)
Vectors: AD.AB=0 M1 Al | Mustusey =6

Realises the y values of C and D are equal.
Uses gradient or line equation to find x.
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Answer

813

Mark Partial Marks

Midpoint of AB is (5, 1)

Bl

Can be seen in working, accept [? %] .

maz= —Y: 0e

Bl

Cto (5, 1) has gradient 2

*M1 | Use of myx ma=—1.

Forming equation of line (v = 2x — 9)

DMI1 | Using their perpendicular gradient and their
midpoint to form the equation.

C(0,—-9ory=-9 Al
5
92. 9709 s19 ms 13 Q: 7
Answer Mark Partial Marks
) D=(5,1) B1
1
(i) (x—S)z +(y,1)2 —20 oe B1 | FT on their D. )
Apply ISW, oe but not to contain square roots
1
(1ii) (K,l)2 +(v73)2 :(97x)2 +(v+1)2 soi M1 | Allow 1 sign slip
: . For M1 allow with v signs round both sides but sides must be
equated
X 20 +1+ 6y +9=x" ~18x+81+3* +2y+1 Al
¥=2x-9 www AG Al
Alternative method for question 7(iii)
- M1
grad. of AB=-': — grad of perp bisector= —1/1
—/2
Equation of perp. bisector is y—1=2(x-5) Al
¥=2x-9 www AG Al
3
(iv) Eliminate y (or x) using equations in (ii) and (iii) *M1 | To give an (unsimplified) quadratic equation
5¢ —50x+105 (=0) or 5(x-5)* =20 or 5710375 (= 0) or DM1 | Simplify to one of the forms shown on the right (allow arithmetic
5(-1)2=80 slips)
x=3and 7, or y=—3 and 5 Al
(3,-3).(7,5) A1 | Both pairs of x & y correct implies A1A1.
SC B2 for no working
4
93.9709_ w19 ms_11 Q:3
Answer Mark Partial Marks
B1
Y_ 6x* —10x-3
dx
d M1
atx=2, L=24-20-3=1 g=1 Al
dx

6=2+b— b=4

BIFT | Substitute x=2,y=61in y=(theira)x+b

6=16-20-6+c — c=16

B

—_-

Substitute x =2, y = 6 into equation of curve
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APPENDIX A. ANSWERS

Answer Mark Partial Marks
Equation of line is y=mx—2 B1 | OR
-2+ T=mx-2 > F -x(2+m)+9=0 M1
Apply 5% —4ac(=0)—> (2+m) —4x9 (=0) M1
m=4 or—8 Al
m=4—x"-6x+9=0—x=3 DM1
m=-8—x+6x+9=0—>x=-3
(3,10). (-3.22) AlAl
Alternative method for question 6
LU Bl
dx
2x-2=m M1
x 2+ T=(2x-2)x-2=22" ~2x-2 M1
P-9=0 - x=13 Al
(3,10), (-3,22) AlA1
Whenx=3,m=4; whenx=-3,m=-8 Al
7
95. 9709 _wl9 ms_12 Q: 2
Answer Mark Partial Marks
Attempt to find the midpoint M M1
(1,4) Al
Use a gradient of +2: and their M to find the equation of the line. M1
Equation is y — 4 =—%(x — 1) Al | AEF
Alternative method for question 2
Attempt to find the midpoint M M1
(1.4 Al
Replace 1 in the given equation by ¢ and substitute their M M1
Equationis y —4=—2%(x—1) Al | AEF




96. 9709 w19 ms 12 Q: 9

815

Answer Mark Partial Marks
) f)=gx) > 22 +6x+1+k (=0) *MI1 | Forms a quadratic with all terms on same side.
Use of * = 4ac DMI1 | Uses the discriminant = 0.
*k=)3% Al | OE, WWW
Alternative method for question 9(i)
Ax+8=2 (—x=-1%) *MI1 | Differentiating, equating gradients and solving to give x =
Substitutes their x value into either 2x*> + 6x + 1 + k=0 OR into the DMI1 | Substituting appropriately for their x and proceeding to find a
curve to ﬁndy(: %BJ then both values into the line. value of &
(k=) 3% Al | OE, WWW
3
(ii) 2+ 6x—8(<0) M1 | Forms a quadratic with all terms on same side
—4and 1 Al
—4<x<1 Al | CAO
3
(iii) B x—1 B1 | Needs to be in terms of x.
@' =—
2
(&) = 2x? + 8; +1-1 _ 0— (2¢ +8r=0) > x= M1 | Substitutes finto g and attempts to solve it = 0 as far as x =
0,4 Al | CAO
3
(iv) |2(x+27%-7 B1B1 |ora=+2 b=-7
(Least value of f(x) ory =) —Tor > —7 BIFT | FT for their b from a correct form of the expression.
3
97. 9709 _wl9 ms_ 13 Q: 6
Answer Mark Partial Marks

@

3hr—2k=x"—kx+2 = x*—4kc+2k+2 (=0)

B1 | fx terms combined correctly-implied by correct 5% — 4ac

Attempt to find »” — 4ac

M1 | Form a quadratic equation in &

land -2

Al | SOI

k>Lk<—3

Al | Allow x>1, x<-1/2

(i)

y=3x-2, y:—%ml

M1 | Use of their k values (twice) in y =3kx—2k

3x72:7%x+1 OR v+2=2-2y

M1 | Equate their tangent equations OR substitute y = 0 into both

lines

:g,%yzoinoneorbmhlines

Al

Substitute x = % in one or both lines
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98.9709_mil8 ms 12 Q: 4

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(1) 1 -1 M1 +1 T T
—==0r y-2=—F=x OE, Allow y—2=—=x. Attempt to express tan—or tan— exactly
\/’5 y \/5 y \/g P! P! P 3
1s required or the use of 1/ V30r3
(x:)ng Al | OE
2
(ii) Mid-point (a, b) = (% their (i), 1) BIFT | Expect (\3, 1)
Gradient of AB leading to gradient of bisector, m M1 | Expect —1/+3 leading to m =3
Equation is y —their b =m(x— their a) OE DM1 | pypect y—1= Jg(x - \/3]
y=+3x-2 OE Al
4
99. 9709 _ml18 ms 12 Q: 9
Answer Mark Partial Marks
(i) —o — 2 _ —1(= M1 | Multiply throughout by x and rearrange terms on one side of
I+ex=cx’ =3x = o’ —x(c+3)-1(=0) I
equality
Use b° 74“,[: (c+ 3)2 tde=c? +10c49 or (c+5)2 —16:| M1 | Select their correct coefficients which must contain ‘¢’ twice
Ignore = 0, <0, >0 etc. at this stage
(Critical values) -1, -9 Al | SOIL
c<-9, c=z-1 Al
4
Answer Mark Partial Marks
() Sub their ¢ to obtain a quadratic [c =-1--x"-2x-1(= 0)] M1
x=-1 Al
Sub their ¢ to obtain a quadratic [c = (—9 —-9x7 +6x -1(= O)] M1
=1/3 Al
¥ [Alt 1: dy/dx=—-1/x* =c, when L’:—l,x:il,c:—9,x:i§
Give M1 for equating the gradients, Al for all four answers and
M1AL1 for checking and eliminating]
[Alt2: dy/dx=—-1/x* =c leading to
U x=1/x"=(-1/x")(x)-3
Give M1 Al at this stage and M1A1 for solving]
4

100. 9709 _s18 ms 11 Q: 5

Answer

Mark Partial Marks

®

Eqn of AC y:—%x+4 (gradient must be Ay /Ax)

MI1A1 | Uses gradient and a given point for equa. CAO

Gradient of OB=2 — y=2x (If y missing only penalise once)

M1 Al | Use of mym, =— 1, answers only ok.
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Answer Mark Partial Marks
(i) Simultaneous equations — ((1.6, 3.2)) M1 | Equate and solve for M1 and reach >1 solution
This is mid-point of OB. — B (3.2, 6.4) M1 A1 | Uses mid-point. CAO
or
Let coordinates of B (h, k) M1 for both equations, M1 for solving with y =2x
O4d=AB— IP=8k—F
0C=BC — B=16h—-k — (3.2,64)
or
. k-4 k& M1 for gradient product as —1, M1 solving with
gradients ( 7 xh—SZ_l) y=2x
or
Pythagoras: h” + (k— 4)2 4 (h 78)2 =48 M1 for complete equation, M1 solving with ¥ =2x
3
101. 9709 _s18 ms_11 Q: 9
Answer Mark Partial Marks
fixem £—2, g:xH4+x7i
2 2
[6))] 2 x M1 | Equates and forms 3 term quadratic
4+x-——=--2 — x*-x-12=0
2 2
— (4,0) and (—3,-3.5) A1 Al | Al For both x values or a correct pair. Al all.
Trial and improvement, B3 all correct or BO
3
(ii) fix) > glx) forx>4,x<-3 B1, Bl | Bl for each part. Loses a mark for < or >.
2
il 2 B1 | CAOQ, any correct form
(i) fa(r)= 2+ ﬁ,i_z(zi,x_) Y
2 4 2 4
N P dy 1 2x _ _ M1 Al | Completes the square or uses calculus. First Al is for
Le. Z((x IF-1 or & 2 4 0 —x=1 x =1 or completed square form
Hy:l — Range of fg € l, Al CA0,0Ee.g.ygl, [m,l)etc.
4 4 4 4
4
(iv) Calculus or completing square on ‘h> — x=1 M1 b
May use a sketch or ——
2a
k=1 (accept k>1) Al | Complete method. CAO
2
102. 9709 _s18 ms_12 Q: 2
Answer Mark Partial Marks
(1) A complete method as far as finding a set of values for & by:
Either (x—3)?+k-9>0,k-9>0 Either completing the square and using ‘their k— 9’ > or > 0 OR
or2x—6=0—3,k—9).,k-9>0 M1 | Differentiating and setting to 0, using ‘their x=3"to find y and
using ‘their k— 9’ > or 20 OR
or b* <4ac oe — 36 <4k Use of discriminant < or < 0. Beware use of > and incorrect
algebra.
— k> 9 Note: not > Al | T&I leading to (or no working) correct answer 2/2 otherwise 0/2.
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Answer Mark Partial Marks
(i) |EITHER
X2 —6x+k =7-2x— x> —4x+k—7 (=0) “M1 | Equates and collects terms.
Useof »—4ac=0(16-4(k-7)=0) DM1 | Correct use of discriminant = 0, involving & from a 3 term
quadratic.
OR
2—6=-2—>x=2(y=3 ‘M1
¥ =3 Equates their % to = 2, finds a value for x.
(their 3) or 7 2(their 2) = (their 2)* — 6(their 2) + k DM1 | Substitutes their value(s) into the appropriate equation.
— k=11 Al
3
103. 9709 s18 ms_ 12 Q: 8
Answer Mark Partial Marks
EITHER
. . 3 B1
Gradient of bisector = 3
_ M1 _
aradient 4B = 1" Attempt at £ 5P
4h+6—h x—Step
. Sh—h 2 dh+6—h 3 *M1 | Using mym,=— 1 appropriately to form an equation.
Either ==or =-=
4h+6-h 3 Sh—h 2
OR
B1

Gradient of bisector = 72

M1 | Obtain equation of 4B using gradient from m,m,=— 1 and a point.
Using gradient of AB and 4, B or midpoint — %x + g =yoe e g & i P

Substitute co-ordinates of one of the other points “M1 | Arrive at an equation in A.

h=2 Al

BI1FT | Algebraic expression or FT for numerical answer from ‘their i’

Midpoint is [ sh+6 ,3hJ or (8, 6)

Uses midpoint and ‘their h” with 3x + 2y =k DMI1
P 4 Substitutes ‘their midpoint” into 3x + 2y =k If y = 7%11 +c isused

(expect ¢ = 18) the method mark should be withheld until they x2.

— k=36 s0i Al
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Answer Mark Partial Marks
(6] 3k+5—(k+3 M1A1 | Condone omission of brackets for M mark
Gradient, m, of AB = # = 2k+2 -1
k+3-(-3k-1) 4k +4 2
2
» ] B1B1 —
| Migept = [% (Bk—1+k+3), % GE+5 4kt = Bl for 22 B for 4"2*8 (ISW) or better, ie. (—k+1 2k +4)
[—2k+2,4k+8] sor
2 2
Gradient of perpendicular bisector is —= SOI Expect 2 M1 | Could appear in subsequent equation and/or could be in terms of
their m
Equation: y - (2k +4)=-2 [x ~(-k+ 1)] OE D1 Through their mid-point and with their ! (now numerical)
m
y+2x=6 A1 | Use of numerical k in (ii) throughout scores SC2/5 for correct answer
5
105. 9709 w18 ms 11 Q: 2
Answer Mark Partial Marks
PabxtS=x+1- F +x(b-1)+4(=0) M1 | Eliminate x or y with all terms on side of an equation
® —4ac=) (b-1)' -16 M1
b associated with —3 & +5 or & -1 associated with +4 Al (x72)2 —0or(x+ 2)2 =0,x=22,b—1=%4 (MIA])
Association can be an equality or an inequality
b>5.b<-3 Al
4
106. 9709 w18 ms 11 Q: 3
Answer Mark Partial Marks
1) Gradient of 4B =-3/4 B1 | Accept —3a/da
3 BIFT | Answer must not include a. Ft on their numerical gradient
=—=x oe
Y T
2
(i1) (4a)2 T (3a)2 =10/ 3)2 soi M1 | May be unsimplified

254> =100/9 oe

Al

a=2/3

Al
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107. 9709 _w18_ms_12 Q: 10

APPENDIX A. ANSWERS

Answer Mark Partial Marks
I PN S — 1| et shman 1 o i
Useof * —dac— k- 144 <0 DM1 | Using the discriminant, allow < , = 0; expect 12 and —12
—12<k<12 Al | Do NOT accept < . Separate statements OK.
3
(ii) Using & = 15 in their 3 term quadratic M1 | From (i) or restart. Expect 3x2 — 15x + 12 or 357 — 75y + 462
=0
x=1l4ory=11,14 Al | Either pair of x or y values correct..
(1,14) and (4, 11) A1 | Both pairs of coordinates
3
(iif) Gradient of AB =—1 — Perpendicular gradient = +1 B1FT | Use of in;m,=—1 to give +1 or ft from their 4 and B.
Finding their midpoint using their (1, 14) and (4, 11) M1 | Expect (2%, 12%5)
Equation: y — 12%2 = (x — 2%) [y =x + 10] Al | Accept correct unsimplified and isw
3

108. 9709 w18 ms 13 Q: 4

Answer Mark Partial Marks
(i) Gradient, m, of AB = 3/4 Bl
i i —4 Mi1A1l . i ) -1
Equation of BCis y—4= ?(xf 3) Line through (3, 4) with gradient — (M1). (Expect
m
4
=—x+8
r=5 )
x=6 Al | Ignore any y coordinate given.
4
Answer Mark Partial Marks
11 2
() (AC) =7+ > 4C=T071 Mial M mark for \]([heir6+/—1)2 +1.
2
109. 9709 w18 ms 13 Q: 9
Answer Mark Partial Marks
® For their 3-term quad a recognisable application of b* — 4ac M1 | Expect 2x> —x(3+k)+1-k* (=0) oe for the 3-term quad.
(bl _dac :) 3+ k)2 ,4(2)(1 —kl) oe Al | Must be correct. Ignore any RHS
ok + 6k +1 Al | Ignore any RHS
2 . Al 2
(3k+1)" =0 Do not allow > 0. Hence curve and line meet. AG Allow (9)[ P %] >0 Conclusion required.
ALT Attempt solution of 3-term quadratic M1
Solutions x=k+1, %(1-k) AlAl
Which exist for all values of . Hence curve and line meet. AG Al
4
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Answer Mark Partial Marks
(ii) k=-1/3 Bl | ALT dy/dr=4x-3=4x-3=k
L 8 .8 M1 a3 into i > T
Sub (one of) their k=—Y% into either line 1 — 2x° 7§x+5 (:0) Sub k£ =4x-3 into line 1 — 2x x(4x)+1 (4x 3) (— 0)
Or into the derivative of line 1 — 4x —(3+k)(=0)
Al = =_ i _18%% _
x = 2/3 Do not allow unsubstantiated [%,—%) following k& = —% ze] 2/3,y =-1/9 (both required) [from —18x" +24x -8 (=0)
. 2 1 . 1 Al | k=-1/3
¥ =-1/9 Do not allow unsubstantiated 373 following & = 3
4
110. 9709_s17_ms_12 Q: 2
Answer | Mark Partial Marks
(i) Gradient = 1.5 Gradient of perpendicular = —% B1
Equation of ABis y—6= 7%( x+2) M1 A1 | Correct use of straight line equation with a changed gradient and (- 2, 6), the
Or 3y+2x—14 oe (— (- 2)) must be resolved for the A1 ISW.
Using y=mx+c gets Al as soon as ¢ is evaluated.
Total: 3
(ii) Simultaneous equations — Midpoint (1, 4) M1 | Attempt at solution of simultaneous equations as far as x =, ory =.
Use of midpoint or vectors — B (4, 2) M1A1 | Any valid method leading fo x, or to y.
Total: 3
111. 9709 s17 ms_13 Q: 3
| Answer Mark Partial Marks
EITHER
Elim y to form 3-term quad eqn in x> (or u or ¥ or even x) (M1 | Expect x2* —x"? —-2(=0) or w-u-2 (=0) etc.
% (oruoryorx)=2, -1 *A1 | Both required. But x = 2.-1 and not then cubed or cube rooted scores A0
Cube solution(s) DM]1 | Expect x = 8, — 1. Both required
(8,3),(-1,0) Al)
OR
Elim x to form quadratic equation in y (M1 | Expect y+1= ( - 1)2
¥ -3y=0 *Al
Attempt solution DM1 | Expecty=3,0
(8,3), (-1,0) Al)
Total: 4
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112. 9709 s17_ms_13 Q: 8

APPENDIX A. ANSWERS

| Answer Mark Partial Marks
O | (p-1)/(a+1)=2 M1 | OR Equation of 4P is y—1=2(x+1)— y=2x+3
b=2a+3 CAO Al | Sub x=a.y=b— b=2a+3
Total: 2
() | 4B =112 +22 =125 oe B1 | Accept AB =125
(a+1)2 +(b—1)2 ~125 B1FT | FT on their 125.
(a + 1)2 +(2a + 2)2 =125 M1 | gub from part (i) — quadratic eqn in a (or possibly in b — b*> —2b—99=0)
(5)(a2 + 20—24) =0 eg(a—4)(a+6)=0 M1 | Simplify and attempt to solve
a=4or—6 Al
b=11or—9 Al | OR (4. 11), (-6,-9)
If ADAO, SR1 for either (4, 11) or (-6, -9)
Total: 6
113. 9709 w17 ms 11 Q: 6
Answer Mark Partial Marks
(6] Mid-point of 4B = (3, 5) B1 | Answers may be derived from simultaneous equations
Gradient of 4B =2 B1
Eqn of perp. bisector is y —5= 7‘/1(,1: 73) — 2y=13—-x M1A1 | AG For M1 FT from mid-point and gradient of 4B
4
(ii) 3x+39=5¢° —18x+19—> (5)(,\'2 _3x 74)(: 0) M1 | Equate equations and form 3-term quadratic
x=4or-1 Al
y=4%or7 Al
M1AT1 | Or equivalent integer fractions ISW
D=5+ 24 > cp= |12 a .
5
114. 9709 w17 _ms_13 Q: 2
Answer | Mark Partial Marks
*M1 | R« into a 3-t dratic.
ax+3a:—z—)ax2+3ax+2(:0) carange mio a S-ferm quadrahc
X
Apply #* —4ac>0 SOI DM1 | Allow >. If no inequalities seen, M1 is implied by 2 correct final
answers 111 a Or X.
Al Al
a<0,a> g (or 0.889) OE For final answers accept 0 >a > % but not <, >.
4




115. 9709 _ml16 ms 12 Q: 5
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Answer Mark Partial Marks
(i) Mid-point of 4B = (7, 3) soi B1
Grad. of AB = -2 —grad of perp. bisector = 1/2 M1 Use of mym,=—1
soi
Eqn of perp. bisector is y—3 = l(x -7) Al
2
3]
(i) Eqnof CXis y—2=-2(x-1) M1 Using their original gradient and (1,2)
lx . —2x+4 DM1 Solve simultaneously dependent on both
2 2 previous M’s
x=9/5 y=2/5 Al
BX?=72"+14" soi M1
BX =733 Al
[51
116. 9709_s16_ms_12 Q: 8
Answer Mark Partial Marks
A(0,7),B(8,3)and C (3%, k)

(i) m of AB is —': oe. B1 Using A,B or C to get an equation
EqnofABisy=—"ax+7 M1 Using C or 4, B in the equation
Letx=3ky=k M1
k=238 oe Al
OR

7-k 3-k

—_— = M1A1 i i

0-3k 8_3%k Using 4,8 & C to equate gradients

—20k=56>k=2.8 DMIAT | Simplifies to a linear or 3 term
quadratic = 0.

OR

T-k 7-3

Al o o MiAl Using 4,B and C to equate

0-3k 0-8 :
gradients

—20k=56>k=2.38 DMIAL | Simplifies to a linear or 3 term

[4] | quadratic = 0.
(i) M(4, 5) B1 anywhere in (ii)

Perpendicular gradient = 2. M1 Use of mymy=—1 soi

Perp bisector haseqn y —5= 2(x —4) M1 Forming eqn using their M and
their “perpendicular m”

Letx=3k y=k

k=— oe Al

5

OR

(0 -3k + (7 -k = (8- 3k)> + (3 — k)’ M1A1 | Use of Pythagoras.

14k +49 =73 — 54k — 40k=24 >k =0.6 DM1A1 | Simplifies to a linear or 3 term

[4] | quadratic =0.
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117.9709_s16_ms_13 Q: 11

Answer Mark Partial Marks
(i) AB* =6 +7* =85, BC* =27 +9* =85
(— isosceles) B1B1 Or AB=BC=4/85 etc
AC* =87 427 =68 B1
2 2
M= (2,-2) or BM* =(4f85) — (12./68) B1 Where M is mid-point of 4C
BM =22 +8 =68 or +/85-17=+/68 Bl
Area AABC = /68+/68 =34 B1
2 [6]
(i) | Gradient of AB =7/6 B1
Equation of 4B is y+1:%(x+2) M1 Or y—6:%(x—4)
Gradient of CD = —6/7 M1
Equation of CD is y+3 :_76(x—6) M1
Sim Eqgns 2:_—6x+%—1x—E M1
7 7 6 6
x= % :% oe Al
[6]

118. 9709 w16 _ms 11 Q: 4

Answer Mark Partial Marks
i | C=4,-2) B1
myp,=—1/2 = my, =2 M1 Use of mym, =—1 on their m ,,
Equationof CDis y+2= 2(x 74) oe M1 Use of their C and m;, in a line
equation
y=2x-10 Al
[4]
(i) | 4D =(14- 0)2 + (77 —(-1 0))2 M1 Use their D in a correct method
AD = 14.3 or V205 Al
(2]




119. 9709 _w16_ms_12 Q: 3
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Answer Mark Partial Marks
(§1) 2x —6x+5>13
2x* —6x—8(>0) M1 Sets to 0 + attempts to solve
(x=)—1and 4. Al Both values required
x>4, x<—1 Al Allow all recognisable notation.
[3]
(i) 22 —6x+5=2x+k
— 2x* —8x+5- k(=0) M1* Equates and sets to 0.
Use of b%—4ac DM1 Use of discriminant
— 3 Al
[3]
OR
d—y =4x-6
d d
4x—6=2 M1~ Sets (their —~)=2
x=2 dx
x=2->y=1
Using their (2,1) in y=2x+k DM1 Uses their x = 2 and their y =1
or y=2x*—6x+5
—>k=-3 Al
[3]
120. 9709 w16 _ms 12 Q:5
Answer Mark Partial Marks
A(a, 0) and B (0, b) B1 soi
2 2 _
a”+b" =100 M1* Uses Pythagoras with their 4 & B.
. a b
M has coordinates [E’EJ BIY 4 on their 4 and B.
Mlieson 2x+y=10
b
= a+ =10 M1* Subs into given line, using their M, to link ¢ and
2 g g
b.
2
Sub — a*+(20-2a)" =100 DM1 Forms quadratic in @ or in b.
2
or (lﬂféj +b* =100
2
—a=6,b=8. Al cao
[6]
121. 9709 _wl6_ms 13 Q:1
Answer Mark Partial Marks
ke =3x=x—k = kx*—4x+k(=0) M1 Eliminate y and rearrange into 3-
term quad
(—4)" —4(k)(k) soi M1 b* —4dac.
k>2 , k<=2 cao Allow (2, ») etc. Allow 2<k<-k Al
[31
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122. 9709 w16 _ms 13 Q: 6

APPENDIX A. ANSWERS

Answer Mark Partial Marks
) 2+x
) =n = x=2n-2 B1 No MR for (“2(2-+n),
Y2(m — 6))
m+y:76 = y=-12-m B1 Expect (2n—2, —12—m)
[2]
(ii) | Sub theirx,yinto y=x+1 — —-12-m=2n-2+1 Mi1* Expect m+2n=-11
?; *6 =—1 oe Not nested in an equation B1 Expect m—n=-8
—n
Eliminate a variable DM1
m=-9, n=-1 AlAl Note: other methods possible
[5]
123. 9709 _s15_ms_11 Q: 6
Answer Mark Partial Marks
3) y=2t==-2(x=-3t)(y+2x=281) M1 Unsimplified or equivalent forms
Set xto 0 — B(0, 8¢)
Set y to 0 — A(4¢1, 0) Ml Attempt at both 4 and B, then using
— Area =167 Al cao
(3]
(ii) 1 cao
= N Bl Unsimplified or equivalent forms
1 co
— y=2t=—(x-3)2y=x+1) M1
2 Al correctly shown.
Setyto0 — C(—t,0)
Midpoint of CP is (¥, 1)
This lies on the line y = x. Al
[4]
124. 9709 _s15 _ms_12 Q: 6
Answer Mark Partial Marks
h = 60(1-coskt)
(i) Max h when cos=—-1 — 120 B1 Co
[1]
(ii) h=0andr=30,orh=120and =15 M1 Substituting a correct pair of values
— c0s30k =1 orcoslSk=-1 into the equation.
— 30k =27 orlSk=nm
2
N = £ = % Al co ag
[2]
(i) 90 = 60(1 — cos kt)
— coskt = % =-0.5 B1 co — but there must be evidence of
) 4 correct subtraction.
— kt:_ﬂ- or — kt:_ﬂ-
3 3
. B1
— Either =10 or 20 or both B1
— =10 minutes [3]




125. 9709 _s15_ms_13 Q: 7
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Answer Mark Partial Marks
@ | ©O-p)+@p)P=169 M1 or, =13
10p* —18p—88(=0)  oe Al 3-term quad
p=4or-11/5 oe Al
131
- . . . 2
(ii) | Gradient of given line = 3 B1
Hence gradient of AB :% M1 Attempt using mym, = -1
— 9- 3
3_3p oe eg (72] 3r M1 Or vectors ah
2 9-p 3 )\9-p 3p -2
(includes previous M1)
(4]
126. 9709 w15 ms_11 Q: 6
Answer Mark Partial Marks
() | x> —x+3=3x+a—>x" -4x+(3-a)=0 B1 AG
(1]
(i) | 5+B3-a)=0—>a=8 B1 Sub x =—1 into (i)
x? —4x-5=0>x=5 B1 OR B2 forx =5 www
(2]
(iii) | 16-4(3-a)=0 (applying b* — 4ac=0) M1 OR dy/dx=2x-1-2x-1=3
a=-1 Al x=2
(x-2)*=0->x=2 Al y=2*-2435y=5
y=5 Al S5=6+a—->a=-1
(4]
127. 9709 w15 ms_12 Q: 6
Answer Mark Partial Marks
A(—3,7),B(5, 1)and C(—1, k)
(i) | 4B=10 B1
62+ (k—12=10° M1 Use of Pythagoras
k=-7and 9 Al [3]
" 4
(i) | mof AB=—-% mperp = 3 B1 M1 B1 M1 Use of myn, =—1
M=(1,4)
4
Eqn y—4=§(x—l) B1
Setyto0, —» x=-2 M1 Al Complete method leading to D.
[5]
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128. 9709 w15 _ms_13 Q: 1

Answer Mark Partial Marks
2 2 .
X —dx+c=2x-T—>x " —6x+c+7(=0) M1 All terms on one side
36 -4(c+7)<0 DM1 | Apply b? — 4ac < 0. Allow <.
c>2 Al
(3]
129. 9709 m22 ms 12 Q: 8
Question Answer Marks Guidance
(a) (72)2 +y? =8 leadingto y=2 leadingto 4= (0.2) B1
Substitute y =their2 into circle leading to (x—2)° +4=38 M1 | Expectx=4.
B=(4,2) Al
3
(b) Attempt to find [R]I(S—(X—Z)Z)dx i
3 Al
— 2 3
[7] Bx—w or [n]|8x— X 2w 44x
3 3
DMI1 | Apply limits 0 — rtheir 4.
[1:](32— Ej or [n]| 32 —(ﬁ -32+ 16}
3 3
Volume of cylinder = 1x2%x4=161 B1FT | OR from n/22dx with their limits from (a).
FT on their A and B
Volume of revolution = 262 —161 =103 7 Al | Accept 33.5
S
130. 9709_m22 ms_12 Q: 10
Question Answer Marks Guidance
M1
@ ta.nA:E or cosA:i or sir.lA:E OR tan}_?:i or (:osB:E or si:ﬂB:i
5 13 12 13 13
A=1.176 B=0.3948 Al | Allow 1.18 or 67.4°, Allow 0.395 or 22.6°.
May be implied by 371.176
DE=4 B1 | If trigonometry used accept AWRT 4.00
Arcs = 5xtheirl 176and 8xtheir0.3948 M1 | Or corresponding calculations in degrees.
[Perimeter = 5.880 + 3.158 + 4 =] 13.0 Al | Accept 13.
If DE is outside the given range this mark cannot be awarded.
5
(b) Area of triangle = . x 5 x their12 [ = 30] B1FT
Area of sectors = 1% 5% X their 1.17"6-+—%><82 xtheir 0.3948 M1 | Or corresponding calculations i degrees
[Area=30—14.70 -12.63 =] 2.67 Al | Allow 2.66 to 2.67
3




131. 9709 m21_ms_12 Q: 10

829

Question Answer Marks Guidance
(@) AADE:%(kaf siug M1 | Attempt to find the area of AADE .
1 Fa? Al | OE.
4
SectorABC:lazl B1
2 6
2 1 i laz L3 M1 | OE. For 2XAADE =sectorABC with at least one
4 2 6 correct area.
T Al
k=|,— |=0.7236
6
5
(b) ZXL(ka)z sind = lg’ﬂ M1 | Condone omission of ‘2” or ‘1/2” on LHS for M1
2 only.
R Al
2sin @
k2>1 leading t ! k<1 - OE. A« k> k>0.707 (AWRT)
— leadimgto ——= <k< . Accept —= ork>0. or
2 2 V2
1
0.707(AWRT) <k<1lor k> E OE
3
132. 9709 _s21_ms_11 Q: 8
Question Answer Marks Guidance
2 M1
@ Either Let midpoint of PQ be H. sin HCP = 2 = Angle HCP = g
. 4 T
Or sin PSQ = 3 = Angle PSQ = o
Or using cosine rule: angle PCQ = g
Or by inspection: triangle PCQ or PCT is equilateral so angle PCQ = g
Angle PCS= L I zn Al | AG
6 6 3
2
(b) Perimeter = 2><4x% or 81— 8n M1 | Length of two arcs PS and OR
+2mx2 M1 | Adding circumference of two semicircles
28n Al | Must be a single term
3
3
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] Question Answer Marks \ Guidance
(c) Area sector CPO = %x42 y g _ 8?31 M1 | Uses correct formula for sector

Area of segment of large circle beyond CPQ
L PV o :8—1[74\/5
302 3) 3

M1

Attempts to find area of segment

1 2n 16
Area of sector PCS = Ex 4% >(?ﬂ = Tﬂ

Area of small semicircle = 1x2  or area of small circle = Tx2? M1
Area of plate = Large circle — [2 x] small semicircle — [2 =] segment area M1
8 20 Al | AG
x4 —qx2? 72X[?n74ﬁj :Tn+ 83
Alternative method for Question 8(c)
M1 | Uses correct formula for sector

Area of triangle PCO — %x 2 XSing 43 M1 | Uses correct formula for triangle
Area of small semicircle = tx2  or area of circle = mx2* M1
Area of plate = [2 x] large sector + [2 =] triangle — [2 x] small semicircle M1
Al | AG
2{%}2(4\5)4&1 :Zsﬂmﬁ
5
133.9709_s21_ms_12 Q: 12
Question Answer Marks Guidance
(@) | [By symmetry] [6 x PAQ =2n], [PA0=] 216, Ml
Explaining that there are six sectors around the diagram that make Al | AG
up a complete circle.
Alternative method for Question 12(a)
Using area or circumference of circle centre 4 + 6 M1 | 400m 40w
6 6
Justification for dividing by 6 followed by comparison with the Al | AG
sector area or arc length.
Alternative method for Question 12(a)
Explain why APAQ is an equilateral triangle M1 | Assumption of this scores M0
. . . . - s Al | AG
Using APAQ is an equilateral triangle . PAQ = 3
Alternative method for Question 12(a)
. . 2n M1
Using the internal angle of a regular hexagon = Y
- - 2n . .
Or FAO+0OA4B= 3 equilateral triangles
Al | AG

PAQ = 2n—(f+z—“+5]

-
2 3 2) 3
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Question Answer Marks ‘ Guidance
(a) Alternative method for Question 12(a)
20 . Ml
Sind = T with@ clearly identified
- - Al | AG
[ :g .26 :g =FAQ and by similar triangles = PAQ
2
(b) Each straight section of rope has length 40 cm B1 | SOIL
. i n *MI1 | Use of @ with » =20 and & in radians
Each curved section round each pipe has length & =20 X;
Total length = 6><((their 40)+ kn) DMI | 6x(their straight section + their curved section).
Their curved section must be from acceptable use of r& — this
could now be numeric.
240+ 401 or 366 (AWRT) (cm) Al | Or directly: (6 diameter) + circumference
4
Question Answer Marks Guidance
c B1
© [Triangle area =] %X40x40><sin(g} or %x 402043 or
40043 or 693(AWRT)
= = Bl
[Total area of hexagon = 6 x 40043 12400 B Condone 4800 ?
Alternative method for Question 12(c)
. 1 (n B1
[Trapezium area =] 5 x(40+80) >(4051n[ gj or 1200~/3 or 2080
(AWRT)
= = Bl
[Total area of hexagon =2 x 1200 NE) ] 2400 NE) Condone 4800 %
Alternative method for Question 12(c)
Area of triangle ABC = 40043 or 693 (AWRT) or Bl
4 x Area of half of triangle ABC = 4 x2004/3 or 1390 (AWRT)
or Area of rectangle ABDE = 1600+/3 or 2770 (AWRT)
= + = Bl
[Total area of hexagon =23 400+/3 +1600 /3 =] 2400+/3 Condone 4800 3
Or [= 4x2004/3 +1600 =] 2400+/3 2
If BOBO, SC B1 can be scored for sight of 4160 (AWRT) as final
answer.
2
Question Answer Marks Guidance
(@) Each rectangle area = 40 x 20 (= 800) B1 | SOI, e.g. by sight of 4800
1 1 200 Bl | SOL
Each sector area = —r*6 = —x20° x I 208
2 3 3
Total area = 2400+/3 -+ 4800 +400x or 10 200 (cm?) (AWRT) B1 | Or directly: part (¢) + 6800 + area circle radius 20.
3
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134.9709_s21_ms 13 Q: 5

| Question Answer Marks Guidance
(a) %% 4% xangle BAD =10 M1 | Use of sector area formula
Angle BAD =125 Al | OE. Accept 0.398x, 71.6° for SC B1 only
2
(b) Arc BD = 4 theirl 25 M1 | Use of arc length formula. Expect 5.
BC= 4tan(fheir1.25) M1 | Expect 12.0(4). May use ACB=0.321 or 18.4°
_ cos(m;lirl.zj) 4 or |2 +(iheirBC)2 _4 M1 | Expect 12.69 — 4 = 8.69. May use ACB.
Perimeter = 5 + 12.0(4) + 8.69 =25.7 (cm) Al | AWRT
4

135. 9709 w2l ms 11 Q: 6

Question Answer ] Marks Guidance

(@

B1 | SOI; allow 60°.
Recognise that at least one of angles 4, B, C'is g

M1 | SOl e.g. may see 21 or 4.

W . T
One arc 6 X their 3 leading to  two arcs 2 X 6 X their 3 Use of correct formula for length of arc and multiply by 2.

Perimeter = 6 + 4n A1 | Must be exact value.

Alternative method for question 6(a)

Calculate circumference of whole circle = 12 B1

1 . 1 M1 | SOl e.g. may see 21 or 4.
One arc EXIZR leading to two arcs 2><g><12n & may

Perimeter = 6 + 4n A1 | Must be exact value.




833

Question Answer | Marks Guidance
(b) 1, e M1 | Use of correct formula for area of sector.
Sector = Ex 6 the"{; SOI e.g. may see 6w or 121,
1 () 1 . (n M1 Al | M1 for attempt at strategy with values substituted:
Ex(éz )xthezr[;] B Ex( 6 )xsm[fhezr[;]] on [: bn 79\5%“] area of segment + area of sector
Al if correct (unsimplified).
Area= 12n—93 A1 | Must be simplified exact value.
Alternative method for question 6(b)
1, e M1 | Use of correct formula for area of sector.
Sector = Ex 6 x fhe”{g SOI e.g. may see 67 or 12
1, T 1 . T M1 A1 | M1 for attempt at strategy with values substituted:
2x Exé xtheir[g) _Ex(é )xsm rhei.‘v{g) 2 x sector — triangle
Al if correct (unsimplified).
Area= 12n—9+/3 A1l | Must be simplified exact value.
Alternative method for question 6(b)
1, (7 M1 | Use of correct formula for area of sector.
Sector = EX 6" x fhetr{; SOI e.g. may see 67 or 127
1 () 1 i (n M1 A1l | M1 for attempt at strategy with values substituted:
ZX[EX(GZ )Xthezr[;] 7EX(62 )Xsm[fhe:r[;]}] + 2 X segment + triangle
) Al if correct (unsimplified).
lx(ﬁ2 )xsin their(EJ [=121-183+9V3]
2 3
Area [: 61—93 + 6@ =121-93 Al | Must be simplified exact value.
4
136. 9709 w21 ms_12 Q: 7
| Question Answer Marks Guidance
(a) EITHER M1
By using trigonometry: BAC = 0.6435... and ABC 2%
OR
By Pythagoras: AP=12 = BP =3 s0 tan ABC = 2 i:0.9486... @:0.31624..
3 J1o 10
OR
Using APBC and either the sine or cosine rule
sin ABC = = or cos ABC = @
Jio 10
N T 0.6435 L9 .43 i Jﬁ A1l | AG. Final answer must be 1.25, more accurate value
ABC= ————— ortan” — or sin ﬁ or cos WOT 1.24904. .. with no rounding to 3sf seen as the final answer
o i gets M1AO.
1.249(04...) 0r71.56° =1.25 radians (3 sf) If decimals are used all values must be given to at least 4sf
for Al.
2
b M1 | Usi t method(s) to find BC.
® o= (their3) +9° or —>— [= 90 . 310 or9.48697..] sing correct method(s) to fin
sinl.25
M1 | g -1 ; i
Area of sector = +x (their BC)* x tan™ 3 [= 56207 0 56.25] Using tan™3 or 1.25 and their BC, butnot 9 or 15, in
2 correct area of sector formula.
. 1 B1
Area of triangle PBC =13.4t0 13.6 or 5)(9)(3
[Area = (56.207 or 56.25) — their 13.5=] 42.7 or 42.8 Al | AWRT
4
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137. 9709 w21 _ms_12 Q: 12

APPENDIX A. ANSWERS

| Question Answer Marks Guidance
(a) Centre is (3, — 2) B1
(fheir 72)7 4 *M1 | Finding gradient using their centre (not (0, 0)) and P (5,4).
Gradient of radius = ~————[= 3]
(their3) -5

Equation of tangent y —4= 7%(x75)

DM1

Using P and the negative reciprocal of their gradient to find
the equation of AB.

w2y Y _644¥ 0
dv dv

. Al
Sight of [x =]17 and [y =] g
Arca= w172 282 ALl oragl or AWRT 48.2.
2 3 6 6
Alternative method for question 12(a)
d B1

At P: 10+8d—y—6+4d—y:0[:>2:—1}
dx dx dr 3

*M1

Find the gradient using P (5,4) in their implicit differential
(with at least one correctly differentiated y term).

Equation of tangent y—4= 7%(1675)

DM1

Using P and their value for the gradient to find the equation
of AB.

1
2\3 . dy -
{y:*li(40*(1‘73) J? oE lead.lngto}E—(3fx)(31+6x7x2) 2

Sight of [x =]17 and [y =] % Al

Al

Area=Lxllxp7o| 280 or48l or AWRT 482,
2 3 6 6
] Question Answer ‘ Marks | Guidance
(a) Alternative method for question 12(a)
cont’d
1 B1 | OE. Correct differentiation of rearranged equation.

% =(3- 5)(31+ 6(5)-(5)’ )’i {:— ==

*M1

Find the gradient using x = 5 in their differential (with clear
use of chain rule).

Equation of tangent y—4= 7§(x75)

DM1

Using P and their value for the gradient to find the equation
of AB.

Sight of [x =]17 and [y =] %

Al

Area :lxﬂxl'f = E
2 3 6

Al

Or 48% or AWRT 48.2.
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Question Answer Marks Guidance
(b) Radius of circle = m s B1 OIZ\/IT) or6.32 AWRT or #* =40
M1 o1, . .
Area of ACRO = lx(mejr ? sianO{: lx40x£} Using Erzsmﬂ with their r and 120 or 60 [x3]
2 2 2

OR
Area of ACOX = % x+/40c0s30%+/40c0s60 OF {:%x 30)«!%]
OR

Area of circle — 3% Area of segment = 401 — 3 * (40% -10 \E)
OR

OR =120 0r 230 and area = %QRQSIIDSO

Using % xbasexheight in a correct right-angled triangle

[x6].

Use of cosine rule and area of large triangle

3043

Al | AWRT 52[.0] implies BIM1AO.

3 | See diagram for points stated in ‘Answer’ column.
¥

138. 9709 w21 _ms_13 Q: 5

Question Answer Marks Guidance
(a) a9 B1 | AG. OE using cosine rule.
Angle X¥YC = sin T =0.9582
or sin X¥YC :%leadiug to X¥C =0.9582
1
(b) XY =117 =97 =/40 or using 0.9582 and trigonometry *M1 Al
AB =9+11-theirXY BIFT | OEe.g. 20210, 24+9—-210 +11-2v10
Arc AC=11 x 0.9582 M1
n M1
Arc BC=9x—
2
Perimeter = [13.6(8) + 10.5(4) +14.1(4) =] 38.4 Al | AWRT. Answer must be evaluated as a single decimal.
6
139. 9709 m20 ms_12 Q: 7
Answer Mark Partial Marks
OC = 6c0s0.8=4.18(0) MI1A1 | SOI
1 ) 2 *Ml1 | OE
Area sector OCD = E(thetr4.18) x0.8
1 . . M1 | OE
AOCA = Ex 6x their 4.18xsn 0.8
Required area = their AOCA — their sectorOCD DMI1 | SOL If not seen their areas of sector and triangle must be seen
2.01 Al | CWO. Allow or better e.g. 2.0064
6




836

140. 9709_s20_ms_11 Q: 8

APPENDIX A. ANSWERS

Angle AOB=15+ 6 =2.5 radians B1
Angle BOC=mn-2.5 (FT on angle AOB) BI1FT
BC=06(n-2.5) (BC=3.850) M1
sin(m—2.5) =BX+6 (BX=3.59) M1
Either OX = 6cos(n — 2.5) or Pythagoras (OX = 4.807) M1
XC=6-0X (XC=1.193)—P=8.63 Al
6
141. 9709 s20 ms_13 Q: 5
M1 Al
cos POA :% — PO4=1.17(6) Allow 67.4°
. 12 12
orsin= — ortan= —
13 5
Reflex AOB = 2n—2xtheir 1.17(6) OE in degrees M1
or minor arc AB = 5x2xtheirl.17(6)
Major arc = 5 X their 3.93(1) M1
or 2nXx5 - their 11.7(6)
AP (orBP)= 131 5% = 12 B1
Cord length = 43.7 Al
6
142. 9709 _s20 _ms_13 Q: 10
(a) Mid-point is (-1, 7) B1
Gradient, m, of AB is 8/12 OE B1
M1
y=T= —E(x +1)
8
3x+2y=11 AG Al
4
(b) Solve simultaneously 12x—35y =70 andtheir3x+2y=11 M1
x=5y=-2 Al
Attempt to find distance between their (5, —2) and either (-7,3) or (5, 11) M1
(r)=v12"+5> or13*+0=13 A
Equation of circle is (x—5)"+(y+2)> =169 Al
5




143. 9709 w20 ms 11 Q: 10

837

Answer Mark Partial Marks
a, M1 Al
@ | (sno=-—L5)oc=-2
oc siné
r Al
CD=r+—
sin@
3
. B1 | SOI
® RadlusofaIcAB=4+L:4+8:12
sin-—
6
. 21 1 . T M1 | Expect 41, must use their CD, not 4
(Arc AB =) their 12x—— or | —AB = || their 12x—
6 2 6
Perimeter = 24 +4n Al
3
Mi1
© | Area FOC= %x4 . their OCX sin%
83 Al
B1
Area sector FOE = lx&x 4? :16—7[
2 3 3
Al
Shaded area = 163 — l()Tn
Alternative method for question 10(c)
FC= \[(their OC) - 4? ML | /a8 or 443
1 Al
AreaFOC:Ex4><4\/§ =83
1 8 B1
Area of half sector FOE = —x Ex4? =28
2 3 3
16 Al
Shaded area = 1643 — Tn
4
144. 9709 w20 ms_12 Q: 8
Answer Mark Partial Marks
(a) Use of correct formula for the area of triangle ABC M1 | Use of 18028 scores M0. Condone 2126
%rz sin(n—28) or %rz sin26 or 2x1rxrcos#xsiné or Al | OE
2x1rcosfxrsing
[Shaded area = triangle — sector]| = their triangle area — %rzﬂ BI1FT | FT for their triangle area — %rzﬁ
(Condone use of 180 degrees for triangle area for B1)
3
(b) Arc BD=rf=6 cm B1 | SOI
AC =2rcosf = ( 2x10c0s0.6 = 20c0s0.6 = 16.506) *M1 Lo 1
. Finding AC or —AC (=8.25)
T o2 rxsin(n— 26) 2
or /(Zr —2r*cos(n 725)) or — %
sing@
_ 2 2 _ DM1 | Subtracting # from their AC
DC=2reosé —r ot (Zr ~2r"cos(n 729)) ~r(=6506) or r-reos8 from their half AC (8.25-1.75)
(Perimeter = 10 + 6 + 6.506 =) 22.5 Al | AWRT
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145. 9709 w20 _ms_13 Q: 9

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(a) 6 824122-g M1 | Or other correct method
cosBAO=—or ——
8 2x8x12
BAO=0.723 Al
2
() | Sector ABC = ¥%:x12” xtheir0.7227 *MI1 | Accept 52.1
Triangle AOB =Y % 8x12sin(their0.7227) or Y:x12xV28 *M1 | or Y% 8x8sin (7 — 2% their0.7227) . Expect 31.7 or 31.8
Shaded area = their 52.0 — their31.7 =20.3 DM1 | M1 dependent on both previous M marks
Al
4
(c) Arc BC = 12 xtheir0.7227 *M1 | Expect 8.67
Perimeter = 8 + 4 + their 8.67 = 20.7 DM1
Al
3




146. 9709 w20 _ms_13 Q: 11
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Answer Mark Partial Marks
(a) (7678)2+(674)2 M1 | OE
=200 Al
+/200 > 10, hence outside circle Al | AG (‘Shown’ not sufficient). Accept equivalents of /200 > 10
Alternative method for question 11(a)
Radius = 10 and C= (8, 4) B1
Min(x) on circle=8 - 10=-2 M1
Hence outside circle Al | AG
3
L) . . theirlo M1 | Allow decimals for 10v2 at this stage. If cosine used, angle ACT
angle =sin their1092 or BCT must be identified, or implied by use of 90°— 45°.
1 in-i( 1 2 10 10 )=45 Al | AG Do not allow decimals
angle = sin™ (—or— or or =45°
V22 10v2 Y200
Alternative method for question 11(b)
10y2)" =10% + 742 M1
TA=10—45° Al | AG
2
B1 | OE
© Gradient, m, of CT= —%
Attempt to find mid-point (M) of CT *M1 | Expect (1, 5)
. s (e DM1
Equation of 4B is y-5=7(x 1) Through fheir (1, 5) with gradient L
m
y=T7x-2 Al
4
(d) ( - 8)2 " ( Tx—2— 4)2 =100 or equivalent in terms of M1 | Substitute their equation of AB into equation of circle.
50x* ~100x (=0) Al
x=0and2 Al | WWW
Alternative method for question 11(d)
7 M1
MC=
-1
1 -1 0 1 1 2 Al
+ = . + . |=
5 =7 -2 5 7 12
x=0and2 Al
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147. 9709 ml19 ms 12 Q:3

Answer

APPENDIX A. ANSWERS

Mark Partial Marks

a7 L[-17
Angle CBA = sin ‘(ﬂ =1.0654 or CBD =cos ‘(g}zz.ls

B1 | Accept 61.0°, 66° or 122°

Sector BCYD = ¥ x8” x 2 x theirl.0654 (rad) soi
or sector CBY =14 x 8” x theirl.0654(rad)

M1 | Expect 68.1(9). Angle must be in radians (or their

61/360 x 2 x 8%)
Or sector DBY

ABCD =7x\8" —77 or ¥%x8” xsin(2 x theirl.0654) soi

M1 | Expect 27.1(1). Award M1 for ABC or ABD

Semi-circle CXD = %ax7? = 76.9(7)

M1 | MIM1 for segment area formula used correctly

Total area = their68.19 — their27.11 + their76.97 = 118.0-118.1

MI1A1 | Cannot gain M1 without attempt to find angle CBA or

CBD

148. 9709 _s19 ms 11 Q: 3

Answer Mark Partial Marks
Uses A = %128 M1 | Uses area formula.
24 Al
=
P=r+r+r6 B1
24 Al | Correct simplified expression for P.
P=2r+—
r
4
149. 9709 _s19 ms_12 Q: 5
Answer Mark Partial Marks

Perimeter of AOC = 2r + 16

Bl

Angle COB=7—-6

B1 | Could be on the diagram. Condone 180 — 6.

Perimeter of BOC=2r+wrr—8)

Bl | FT on angle COB if of form (1’(7:— .9) Lk>0.

Q@r+)ar—rd =2(2r) + 1)

2
@+7-6=4+20— e:”T)

M1 | Sets up equation using r(k:r 79) and =2 on correct

side. Condone any omissions of OA, OB and/or
ocC.

6=0.38

Al | Equivalent answer in degrees scores AQ.
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Answer Mark Partial Marks
@ - 3m _ Bl
Angle EAD= Angle ACD= To or 54° or 0.942 soi
or Angle DAC= g or 36° or 0.628 soi
M1 | Angl d must by t
D= Ssm(sj) or SCOS(E) gles used must be corTec
10 5
(AD =) 647 Al
Alternative method for question 3(i)
. (37 B1 | Angles used must be correct
3 8sin 10
AB= or 4B = or 11.(01)
T . Fa
tan sin.
HEEH
Mi
4D :11.0(1)si11% oe
(AD =) 647 Al
3
il M1 | 19.7(4
@ Area sector = l(J:‘hei;rA}_'))2 xtheir[i—f) “
2 2 5
M1 1 s I .
Area AADC :lXS x theirAD x sin”> or lecos il xSsin[s—” Or e.. % theirADx\/8’ ~ theirAD” .
2 52 10 10 15.2(2)
(Shaded area =) 35.0 or 34.9 Al
3
151. 9709 w19 ms 11 Q:8
Answer Mark Partial Marks
@ o4x3n=6 Mt
8
Al
04 _16_ 5.093(0)
T
W1 4B theirs.0930x tan%x M1
Perimeter = 2x3.4030+6=12.8 Al
(i) | Area OABC= (2x1)x their5.0930 x their3.4030 M1
M1
Area sector = % ><()‘heir'5.0930)2 x%n
Shaded area = theirl7.331—theirl5.279 =2.05 MI1A1l
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152. 9709 w19 _ms_12 Q: 4

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(i) Arc length 4B = 218 B1
AT BT Bl 2 .
Tan = - —> AT or BT =rtan Accept or [( r J 7712] op 7SRO o 90-8)
cos@ . (n )
sinf ——8&
2
P=2r0+2rtan @ BIFT | OE, FT for their arc length + 2 < their AT
3
(i) | Area AAOT=1%x5x5tan1.2 or Bl
Area AOBT =2 x % x 5 x Stan1.2
Sector area =% x 25 x 2.4 (or 1.2) *MI1 | Use of Ya?8 with =12 0r2.4.
Shaded area = 2 triangles — sector DMI1 | Subtraction of sector, using 2.4 where appropriate, from
2 triangles
Area=34.3 (cm®) Al | AWRT
Alternative method for question 4(ii)
Area of A ABT =% » (5 x tan 1.2)* = sin(z — 2.4) (= 55.86) B1
Segment area = ¥ x 25 % (2.4 —sin 2.4) (= 21.56) *M1 | Use of %* (6 —sin §) with =12 or 2.4
Shaded area = triangle — segment DMI1 | Subtraction of segment from A ABT, using 2.4 where
appropriate.
Area = 34.3 (cm?) Al | AWRT
4
153. 9709 w19 ms 13 Q: 4
Answer Mark Partial Marks
i B1
© Angle CA0 = g
1
ii 1 M1 | SOIL
(@ (Sector AOC) = =¢* x .D‘mirE
2 3
Ml . T
(AABC)= %(r)(Zr)sin[theirg] or %(Zr)(,)g or %(r)(y)\@ For MIMI1, thetr; must be of the form An where
0<k<¥%
1 3 1 Al | All correct
(AABC)= l(;r)(ZI’)sin Ilor 7(2r)(r)£ or 7(7')(?‘)\}6
2 3 2 2 2
23] L Al
2 2 \3
4




154. 9709 _ml18 ms 12 Q: 6

843

Answer Mark Partial Marks
(i) PQ 10xsinl1 M1 | Correct use of sin/cos rule
2
PO =)17.8 (17.82...implies M1, Al AG Al 1 1
(PO=)17.8 ( implies M1, AI) OR po=10sin22  10sin22 @ 0 200ces22 =17.8
(T sin0.4708
sin| ——1.1
2
2
(ii) Angle OPQ = (/2 —1.1) [accept 27°] B1 | OE Expect 0.4708 or 0.471. Can be scored in part (i)
Arc QR =17.8 x their (W2 -1.1) M1 | Expect 8.39. (or 8.38).
Perimeter =17.8 —10+ 10+ theirarc OR M1
262 A1 | For both parts allow correct methods in degrees
4
155. 9709 _s18 ms_11 Q: 6
Answer Mark Partial Marks
i B1 | CAO
@ | o= 4Ly o AT = rtame or 0T =—— soI
r cosd
o oa=Ltrame -l BIBLI &) for L rtand. B1 for =L 26
2 2 2 2
If Pythagoras used may see area of triangle as
lm}r2 +r*tan®6 or lr( r sin6
2 2 \cos@
3
Answer Mark Partial Marks
(11) tanf = AT e AT=7716 M1 g_orrect use of trigonometry and radians in rt angle
iangle
Arc length=r8 =3.6 B1 | Accept 3x1.2
OT by Pythagoras or cos1.2 = % (=8.279) M1 | Correct method for OT
Perimeter = AT + arc + OT —radius = 16.6 Al | CAO, www
4
156. 9709 _s18 ms 12 Q: 6
Answer Mark Partial Marks
i B1 | May be seen on diagram.
O | 4rorBT=rtand or 0T =—— Y &
cos9
I . M1 | Both formulae, (Y428, Y:bh or Vaabsin®), seen with 26 used when
%1220, & Yaxrx(rtand or AT) or Yax#<( or OT) sinf needed
cos§ .
Y1220 = 2xYxpxptand — 4226 oe — 26 =tanf AG Al | Fully correct working from a correct statement.

Note: 142260 = % r*tané is a valid statement.
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Answer Mark Partial Marks
(iD) @=1.2 or sector area = 76.8 B1
Area of kite = 165 awrt B1
164.6 — 76.8 = 87.8 awrt B1 | awrt 87.8 with little or no working can be awarded 3/3. SC Final
answers that round to 88 with little or no working can be awarded
2/3.
3

157. 9709_s18 ms_13 Q: 5

Answer Mark Partial Marks
Angle AOC= g orl.2 ML Allow 68.8°. Allow %
AB =35 x tan(theirl.2) OR by e.g. Sine Rule Expect 12.86 DM1
OR OB =—————  Expect 13.80
costheirl 2
1 3 DM1 1 . . .
Area AOAB :Ex 5xtheir12.86 Expect 32.15 OR 3 x 3 % their OB x sin their 1.2

Area sector %x P theirl 2 Expect 15 DM1 | All DM marks are dependent on the first M1
Shaded region =32.15-15=17.2 Al | Allow degrees used appropriately throughout. 17.25 scores A0
5
158. 9709 w18 ms 11 Q: 9
Answer Mark Partial Marks
Angle OAB =z /2—-x/5=3x/10 soL B1 | Allow 54° or 0.9425 rads
M1 | Expect 11.78
Sector CAB = x| their % |x 5t P
2 10
Od= 5 _ 8,507 M1A1 | May be implied by OC =3.507
sin
5
M1 | Expect 3.86
Sector COD = %  (their3.507)x Hpee
M1
204B=L5% (their8.507)sin3—;r Or Lusx—2 or25x (their8 507y =25
2 10 2 tan T
5
=17200r 1721 Al
Shaded area 17.20(or17.21) —-11.78—-3.86=1.56 or 1.57 Al
8
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159. 9709 w18 _ms_12 Q: 8

Answer Mark Partial Marks
® . - M1 | Correct method for 4 B C. t 1.696%awrt
A B C using cosine rule giving cos™( %) or 2sin"'(3) or 2 cos™ g orrect method tot » SXped a
1C=cos ic=sin Y orBice Y7 orforBAC, 10,723 wrt
orBAC=cos'(*)or BAC=sin TorBAC—tan 5 T Ior - €Xpect 07257
CBY=1-ABCor2xCAB M1 | For attemptat CBY=n-ABCorCBY=2xCAB
OR
Find CY from A ACY using Pythagoras or similar As M1 | Expect 4+/7
R B g 48 —(their CY)2 M1 | Correct use of cosine rule
CBY=cos" | —mM8M8M8M8
2x8x8
CRBY=1445 AG Al | Numerical values for angles in radians, if given, need to be
correct to 3 decimal places. Method marks can be awarded
for working in degrees.
Need 82.8° awrt converted to radians for Al.
Identification of angles must be consistent for Al.
3
(11) Arc CY=8x 1.445 B1 | Use of s=8@for arc CY, Expect 11.56
BAC= Yilm—A B C) or cos™'(34) M1 | For a valid attempt at BAC may be from (i). Expect 0.7227°
Are XC =12 x (their BA C) DM | Expect 8.673
Perimeter = 11.56 + 8.673 + 4 = 24.2 cmn awrt www Al | Omission of “+4” only penalised here.
4
160. 9709 w18 ms 13 Q: 3
Answer Mark Partial Marks
(i) 0.8 oe Bl
1
(ii) BD = 5sintheir0.8 M1 | Expect 3.58(7). Methods using degrees are acceptable
DC =5 —5cos their 0.8 M1 | Expect 1.51(6)
Sector = % x 57 x their0.8 M1 | Expect 10 for sector.
OR Seg =% x 5° x [their 0.8 — sintheir 0.8] Expect 1.03(3) for segment
Trap = %(5 + theirDC) x theirBD oe M1 | OR (for last 2 marks) if X'is on 4B and XC is parallel to BD:
OR ABDC = %theirBD * theirCD
Shaded area = 11.69 — 10 OR 2.71(9) — 1.03(3) = 1.69 cao Al | BDCX —(sector — AAXC ) = 5.43(8) — [10 — 6.24(9)] = 1.69 cao
MIA1
5
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161. 9709 ml17 ms 12 Q: 4

Answer Mark Partial Marks
(i) ABC=x/2-m/7=57/14. CBD=x-57/14=97/14 B1 | AG Or other valid exact method.
Total: 1
@ sinZ = #BC or BC 8 or M
7 8 inz—ir sin5—Jr
14
BC* =8 +8%—2(8)(8)cos—
BC = 6.94(2) Al
arc CD = their 6.94 x971 /14 M1 | Expect 14.02(0)
arc CB=8x2x/7 M1 | Expect 7.18(1)
perimeter = 6.94 + 14.02 +7.18 =28.1 Al
Total: 5
162. 9709 s17_ms_11 Q: 8
Answer | Mark Partial Marks
1) Letting M be midpoint of AB
OM = 8 (Pythagoras) — XM =2 B1 | (could find V40 and use sin"or cos™)

6 o M1 Al | AG Needs x 2 and correct trig for M1
tan AXM = 3 AXB =2tan 3 =2498

. . 6 (Alternative 1: Use of isosceles triangles, B1 for AOM, M1.A1 for
(Alternative 1: sin AOM = B’AOM =0.6435,4XB=7—0.6435) completion)
(Alternative 2: Use of circle theorem, B1 for AOB, M1,A1for
completion)
Total: 3
(if) AX=(6* + 27) =40 B1 | CAO, could be gained in part (i) or part (iii)
Arc AYB =1 = V40 x 2.498 M1 | Allow for incorrect V40 (not » = 60r120r10)
Perimeter = 12 + arc =27.8 cm Al
Total: 3
(iif) area of sector AXBY = % x (V40) x 2498 M1 | Use of %r°@ with their #, (not » = 6orr=10)
Area of triangle AXB = ' x 12 x 2, Subtract these — 38.0 cm? M1 Al | Use of %bh and subtraction. Could gain M1 with »=10.
Total: 3
163. 9709 s17 ms_ 12 Q: 4
Answer | Mark Partial Marks
i i B1
® (AB) = 2rsinf (or r+/2—2cos26 or M) Allow unsimplifed throughout egr + 1, % etc
sin[ Z_ 4 )
2
(Arc 4B) =210 Bl
i B1
(P =) 2r + 26 + 2rsinf (or r+/2 —2cos26 Dl'ﬂ)
sin[ z —B}
2
Total: 3
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Answer | Mark Partial Marks
ii B1 | Use of t formula gives 2.26 B1B1
| Area sector 40B = (%7 26) 25T”or13_1 5¢ of segment fotmntta gives
Area triangle 40B = (Yx2rsinfxrcosf or % x i sin26) B1
ﬁoﬂo.g
4
Area rectangle ABCD = (r x 2rsinf) 25 B1
(Area =) Either 25 — (257/6 — 25V3/4) or 22.7 B1 | Correct final answer gets B4.
Total: 4
164. 9709 s17 ms_ 13 Q: 7
Answer Mark Partial Marks
) sin ABC =8/10— ABC =0.927(3) B1 | Or cos = 6/10 or tan = 8/6. Accept 0.2957.
Total: 1
(i) | 4B=6(Pythagoras) —> ABCD=8x6=48.0 M1A1 | OR 8x10sin0.6435 or ¥%x10>10sin((2)x0.927)=48. 24or 400180 gets M1A0
Area sector BCD =Y x10% x(2)x their0.9273 *MI | Expect 92.7(3). 46.4 gets M1
Area segment = 92.7(3) — 48 *A1l | Expect 44.7(3). Might not appear until final calculation.
Area semi-circle — segment = ¥ x 7 x8” — their(92.7 - 48) DM1 | pep. on previous M1A1 OR 7 x8” —(‘/z x a8 +r}1eir44.7).
Shaded area = 55.8 — 56.0 Al
Total: 6
165. 9709 w17 ms 11 Q: 5
Answer Mark Partial Marks
(6] cos4=8/10 — 4=0.6435 B1 | AG Allow other valid methods e.g. sin A=6/10
1
(ii) EITHER: (M1A1
Area AABC=Y%x16x6 or ¥>x10x16sin0.6435=48
Area 1 sector % x10° x 0.6435 M1
Shaded area = 2 x their sector —their AABC Mi1)
OR: (B1 B1
ABDE =12, ABDC =30
Sector = 32.18 M1
2xsegment + ABDE M1)
=16.4 Al




848

166. 9709 w17 _ms_12 Q: 4

APPENDIX A. ANSWERS

Answer Mark Partial Marks
® Pythagoras — r = /72 OE M1 | Correct method leading to r =
or cos45 :Ear: 6 =62
r cos45
M1 A1 | Use of s=r8 with their » (NOT 6) and Y%
Are DC = 72 % Yig = %z,z.un, 6.66
3
(if) Area of sector-BDCis %2 % 72 = Y (=97 or 28.274...) *M1 | Use of %726 with their » (NOT 6) and Yz
Area 0=97—18(10.274...) DML | Subtracts their % = 6 x 6 from their Y2126
Area P is (“4m6’ —area 0) = 18 ML | Uses {% 76 — (their area Q using 72 )}
Al
Ratio is _18 [ 18 — 1.75
97r-18 110.274
4
167. 9709 w17 ms_13 Q: 7
Answer Mark Partial Marks
i M1
® sin"(%}:0.6435 AG OR (PBC :)cos"(%):ogzn = (A4BP :)%—0_9273 =0.6435
Or other valid method. Check working and diagram for evidence of
incorrect method
(i) Use (once) of sector area =Y2r°8 M1
Area sector BAP='x5" x0.6435 = 8.04 Al
Al
Area sector DAQ = Vax¥ax3 = 707, Allow %t
3
Answer Mark Partial Marks
(iii) EITHER: (M1 | Use of correct strategy
Region = sect + sect — (rect — A) or sect — [rect — (sect + A)]
(Area ABPC =)%x3x4=6 Seen Al
8.04+7.07-(15-6)=6.11 Al)
ORI: (M1 | Use of correct strategy
Region = sector ADQ — (trap ABPD — sector ABP).
(Area trap ABPD =) Y2(5+1)x3=9 Seen Al
7.07—-(9-8.04)=7.07-096=6.11 Al)
OR2: (M1 | Use of correct strategy
Area segment AP=2.5686 Area segment A0 = 0.5438
Region = segment AP + segment AQ + A4APQ.
(Area AAPQ =) %2x2x3=3  Seen Al
257+054+3=6.11 Al)
3




168. 9709 m16 ms 12 Q: 9
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Answer Mark Partial Marks
(a) () | BAO=0BA = %— a Allow use 0of 90° or 180°
AOB = ﬂ—(%—aj—(——aj =20 AG M1Al Or other valid reasoning
12]
(ii) %rz (2a)—=r’sin2a oe B2,1,0 SCBI for reversed subtraction
12]
(b) Use ofa:%, r=4 B1B1
1 2 T 1 2 . T
1 segment S = —]4 —] - —]4 sin—
2 3 2 3
=[8?”— 43 ] M1 Ft their (i), a,r
T
Area ABC T=(%J42sin§ (: 4\/5) B1 ORAXB:§:4tan% or
1 4, 27( 4B
(1. & —(—=)sin=— | =—=
T—3S—(5]4 Slﬂg*:ﬁ' 2 _\/5 3 3
(1]42(5}(1]42 sinZ M1 OR 3[Z—S]=3 ﬂ—(g—”—%@
2 3 2 3 3 3 3
16\3 87 cao Al
[6]
169. 9709 s16_ms_11 Q: 7
Answer Mark Partial Marks
i CD = rcost, BD = r — rsinfl oe B1 B1
@ " | T allow degrees but not for last B1
ArcCB:r(Eﬂ—H)oe B1
— P=rcos +r—rsinf+r (% T—60)oe | Bl J* sum — assuming trig used
[4]
. 1 1 1
(i) Sector=5.52.(5n’—0.6) (12.135) M1 Uses ErZH
. 1 . 1 . .
Triangle = > .5¢050.6.5s5in0.6 (5.825) M1 Uses 5 bh with some use of trig.
— Area=6.31 Al
| .
(or " circle — triangle — sector) [3]
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170. 9709_s16_ms_12 Q: 6

Answer Mark Partial Marks
(i) PT=r tana B1
r
OT=0T-0Q = —-r
cosax
or r? + ritan’a —r B1
Perimeter = sum of the 3 parts including ra B1
[3]
" . Vs
(i) Area of triangle = Y2 x10x lOtang M1 Correct formula used, 50\6,8646
50z
Area of sector = %2 x 102 x Yz M1 Correct formula used,T ,52.36
Shaded region has area 34 (2sf) Al
[3]
171. 9709 _wl6_ms 11 Q:3
Answer Mark Partial Marks
() | 2Zra+ro+2r=44r M1 At least 3 of the 4 terms required
a=038 Al
(2]
(i) 1/2(21»”)2 0.8 —14(*)0.8 =30 M1A1Y Ft through on rheir o
(3/2)r*x08=30 — r=5 Al
(3]
172. 9709 w16 _ms_ 12 Q: 6
Answer Mark Partial Marks
0] % =5in 0.6 or — = cos 0.97 M1 Or other valid alternative.
or BD = /200—-200cos1.2(=11.3)
r=10 % 0.5646, =10 x sin 0.6,
r=10 x cos 0.971 or r =2 BD Al
— r=>5.646 AG [2]
(ii) Major arc = 10(6) (= 50.832) M1 0=2z—120rm—12
0 =27—12 (=5.083) Bl Implied by 5.1
or C=2xmx 10, Minor arc =1.2 x 10
Semicircle = 5.646z (= 17.737)
Major arc + semicircle
=68.6 Al
[3]
(iii) Area of major sector
=1%10°(6) (=254.159) M1 6=2r—-120rm—12
Area of triangle OBD
= 1%10%in1.2 (= 46.602) M1 Use of Y%absinC or other complete method
Area = semicircle + sector + triangle
(=50.1 +254.2 + 46.6)
=351 Al
[3]




173. 9709 _w16_ms_13 Q: 5
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Answer Mark Partial Marks
(i) | c0s0.9=0FE/6 or= sin (% - 09) oe M1 Other methods possible
OF =6¢c0s0.9=3.73 oe AG | Al
[2]
(ii) | Use of (27 —1.8) or equivalent method M1 Expect 4.48
Area of large sector =% x 6% x(27-1.8) oe M1 Or 76> -%6%1.8. Expect 80.70
Expect 12.52
Area of small sector ¥5x3.73% x1.8 M1 Other methods possible
Total area = 80.7(0) + 12.5(2) = 93.2 Al
[4]
174. 9709 _s15_ms_11 Q: 5
Answer Mark Partial Marks
@) 2d=r+r+rl (May not use 8)
24 -2r : :
— = Ml Attempt at s = r6 linked with 24
. r andr
A=—rf = 24 _ ¥’ =12r— 12 aef, ag | MIAl Uses 4 formula with @ as f(¥). cao
2 2 [3]
(ii) (4=)36—(r—6)* Bl B1 cao
(2]
(iii) Greatest value of 4 = 36 B Ft on (ii).
(r=6) —» 0=2 Bl cao, may use calculus or the
discriminant on 127 — >
(2]
175. 9709 s15 ms_12 Q: 5
Answer Mark Partial Marks
. sin@ —cosd
(D -
sinf +cosf
Divides top and bottom by cos & B1 Answer given.
-1 [1]
t+1
ing— 1
(i) s.1nt9 cosd _Lino
sinf +cos@ 6
=t B1 Using the identity.
t+1 6 A
2 _546=0 Ml Forms a 3 term quqdratnc with
=2 ori=3 terms all on same side.
Al Al co Co

— 0=634% or 71.6°

[4]
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176. 9709_s15_ms_13 Q: 11

Answer Mark Partial Marks
(i) OC=rcosaor AC=rsina or oe soi M1
(Area AOAC =)1r*sina cos a Al
L’ sinacosa=1xLr’a  oe M1 Ore.g.

Yrita - Yrtcosasina =Y r’a
Yria-Y%r? cosasin a=¥%r? cosasina

sina cosa=%a Al AG

[4]

(ii) | Perimeter AOAC =r+rsina +rcosa =240y | M1A1 Allow with r a number. 2.0164 gets M1A0O

Perim.
ACB=ra+rsina+r—rcosa=2.18r0r2.17r | M1A1 Allow with  a number. 0.9644 gets M1A0O
Allow 2.2 www,
. 2.4(0) _ L _00:
Ratio =———————:1=1.1:1 Al Use of cos =0.6,sin=0.8, a=09is PA 1
2.180r2.17
[5]
(iii) | 54.3° cao B1
]
177. 9709 w15 ms_11 Q: 7
Answer Mark Partial Marks
() | BC? =r +r*=2r> 5 BC=r/2 B1 AG
(1]
.. 1 . 1
(ii) | Area sector BCFD= " 7(r2)? soi M1 Expect 5 '’
1
Area A BCAD = E(Zr)r M1 Expect 2 (could be embedded)
1
Area segment CFDA= E]ﬂ’z —r* .0e Al
1
Area semi-circle CADE = 57172 B1
L _» |
Shaded area —m* —| —m™ —r
2 2
or - [% w2+ (% e D DM1 Depends on the area A BCD
—,2 Al
[6]




178. 9709 w15 _ms_12 Q: 5
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Answer Mark Partial Marks
6 .
(i) | Length of OB = = 7.270 M1 ag Any valid method
c0s0.6 [1]
(ii) | 4B = 6tan0.6 or 4.1 B1 Sight of in (ii)
Arc length = 7.27 x (%47 — 0.6) = (7.06) M1 Use of s= r0 with sector angle
Perimeter = 6 + 7.27 + 7.06 + 6tan0.6 = 24 .4 Al [3]
(iii) | Area of AOB =2 x 6 x 7.27 x sin0.6 M1 Use of any correct area method
Area of OBC =" x7.27* % (Yar—0.0) M1 Use of 12r0.
— area= 12.31 +25.65=38.0 Al [3]
179. 9709 w15 _ms_13 Q: 4
Answer Mark Partial Marks
@) Sector OCD = %(2r)2 0 (=2r°6) B1 21?6 seen somewhere
1
Sector(s) OAB/OEF = (2)51”2 (m-0) Bl | Accept with/without factor (2)
5 AG  www
Total =77 (7 +0) B1
[3]
(i) Arc CD =216 B1 Accept with/without factor (2)
AI'C(S) AB/EF (2)?‘(7[ - 9) B1
Straight edges =4r B1 Must be simplified
Total 27~ + 4r (which is independent of ) B1
[4]
180. 9709 _m22 ms 12 Q: 7
Question Answer | Marks Guidance

(@)

(sin# +2cos)(cosd +2sin ) — (sind — 2cos#)(cos § — 2sin F)
(cos® —2sinB)(cosd +2sin8)

*M1

Obtain an expression with a common denominator

Ssinfcos @+ 2cos? @+ 2sin’ @ 7(55i.n|9c0567 2sin? @ —2cos® 6') Al
cos’ @ —4sin’ @
4(cos2 @ +sin® 6')
cos® @ —4sin’ @
4 DM | t7ge cos?@+sin’8 =1 twice

cos? 9—4(1— cos® 9)

. 24
leading t 8= |—|=(+)0.9798
eading to cos 25[ (%) :I

4 Al | AG
Scos’ @ -4
4
- M1 | Mak 6 the subject
® j =5 leadingto 25cos’ §=24 e cos @ the subjec
Scos® 0 -4

#=11.5" or 168.5°

Al
AlFT

FT on 180° — 1st solution
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181. 9709 m21 ms_12 Q: 3
Question Answer Marks Guidance
tan@ + 2sin® = 3tanf - 6sind leading to 2tand —8siné [=0] M1 | OE
2sind— 8sinbeosd (=0) leadingto [2]sin@(1-4cosd) [=0] M1
cosd = 1 Al | Ignore sinf =0
4
6 =75.5° only Al
4
182. 9709 _s21 ms 11 Q: 4
Question Answer Marks \ Guidance
a=2 Bl
B1
p=" or 2
4 8
c=1 Bl
3
183.9709 s21 ms_11 Q: 7
Question Answer Marks ‘ Guidance
(a) 20 cin?, ein? 2 02 2 M1 : —tan?
Reach &8 0 2sm 6 or 1 s%nze B 511126 or S8 6+lcos ] —otan’0 May start with 1- tan“@
cos 6 1-sin"6 cos™® cos @
.2
or secze—w or 2—-sec’ @ or ﬂ
cos~0 cos 6
1—tan’@ Al | AG, must show sufficient stages
2
(b) 1-tan’6 =2tan*@ = 2tan*@+ tan’e —1 [=0] M1 Forming a 3-term quadratic in tan’@ or eg. u
tan’@ =0.5 or —1 leading to tan@ =[+]+/0.5 M1
6=35.3°and 144.7° (AWRT) Al | Both correct. Radians 0.615, 2.53 scores A0,
3




184. 9709 s21_ms_12 Q: 10
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Question Answer Marks Guidance
(a) 1+sine 1—sine _ (L+sinx)” —(1-sinx)’ *ML1 | For using a common denominator of (1—sinx)(1+ sinx) and
1_siny 1+sine (1= sine) (1 + sinx) reasonable attempt at the numerator(s).
14 2sine+ siny — (1 _2siny + sin? x) DM1 | For multiplying out the numerators correctly. Condone sign errors
= - - for this mark.
(1 - sinx)(1+sinx)
__ dsinx _ dsinx DMI1 | For simplifying denominator to cos’x.
1-sin’x  cos’x
_ 4siny _ 4tanx Al | AG.
= costcosy | cosy Do not award Al if undefined notauop s_uch as s, ¢, t or missing
x’s used throughout or brackets are missing.

Alternative method for Question 10(a)
4t 4si 4si *M1 . i -
My S—HZDCELHZ Using tanx:ﬂandcoszx: 1—sin’x

cosx  cos’x 1-sin‘x co
2 2 DM1 | Separating into partial fractions.
T14sinxy 1—sinx
_ -2 + 2 1 DM1 | Use of 1-1 or similar
T 14sine 1-sinx
:_lfsinx+l+simf Al
T l4siny 1-sinr

4
Question Answer Marks Guidance
) 1 *Bl | OE. WWW.
cosY=—
2
T DBI1 | Or AWRT 1.05
x==
3

x =0fromtany = Oorsiny =0 B1

WWW. Condone extra solutions outside the domain 0 to % but

BO if any inside.
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185. 9709 s21 ms 13 Q: 4

APPENDIX A. ANSWERS

| Question Answer Marks Guidance
() tanx + sinx [= ] leading to siny +sinveosy K] M1 Mulﬁ}:)ly numerator and denomi.nator by cosx,
tant — sinx =™ sinr —sinrcost - or divide numerator and denominator by tan x or
1 sin x
+1 tanx + tanxcosx
or £95X  [=k]or =k]
L tanx — tanxcosx
Ccosx
1 1 Al | AG, WWW
sinx (1+ cosx tanx (1 + cosx
- ( )or cosx  COSX ( ) leading to
sinv(l-cosx) 1 _ 'cosx  tanx(l-cosx)
cosx
2
(b) k—kcosx=1+cosx leading to k—1=kcosx+cosx M1 | Gather like terms on LHS and RHS
- Al | WWW, OE
k=1=(k+1)cosx leadingto cosx=—r0 ’
k+1
2
() Obtaining cosx from their (b) or (a) M1 3
Expect cosx = E
+0.927 (only solutions in the given range) Al | AWRT. Accept +£0.2951
2

186. 9709_w21_ms_11 Q:3

Question Answer Marks Guidance
3cos@(2tan® 1)+ 2(2tand—1) [=0] M1 | Or similar partial factorisation; condone sign errors.
(2tan@—1) (3cos &+ 2) [: 0] M1 | OE. At least 2 out of 4 products correct.
[leading to tan® = 1 ,cosf= 2 ]
2 3
26.6°, 131.8° Al Al | WWW. Must be 1 d.p. or better.
Final A0 if extra solution within the interval.
SC B1 No factorisation: Division by 2tan 8 -1 leading to
131.8° or division by 3cos@+2 or similar leading to 26.6°.
Alternative method for question 3
. . Mi .
6cosé sind ) _ 3cosd+4 sinf -2 [: 0] Using tané = sind and reaching a partial factorisation;
cos@ cosé& cosé
6cos sin 6 —3cosd + 4sin 8 — 2cos [=0] condone sign errors.
2sinf(3cos#+2) —cosB(3cosf+2) [=0]
(25in@ - cosd)(3cosd +2) [: 0] M1 | At least 2 out of 4 products correct.
[leading to tanf = L ,cosf = 22 1
2 3
26.6° 131.8° Al Al | WWW. Must be 1 d.p. or better.

Final A0 if extra solution within the interval.
SC B1 No factorisation: Division by 2tan8—1 leading to
131.8° or division by 3cos@+2 or similar leading to 26.6°.




187. 9709 w21 ms 11 Q: 5

857

Question Answer | Marks Guidance
(a) a=35 B1
bh=2 B1
c=3 B1
3
Question Answer | Marks Guidance
®@ |3 B1
1
(b)) |2 B1
1
188. 9709 w2l ms 12 Q: 1
Question Answer Marks Guidance
2c0s20 — T cosd + 3[=0] M1 | Forming a 3-term quadratic expression with all terms on the
same side or correctly set up prior to completing the square.
Allow = sign errors.
(2cos@-1)(cos8—-3)=0 DM1 | Solving their 3-term quadratic using factorisation, formula or
completing the square.
1 . o o Al
[cos8 = 3 or cos# =3 leading to] € =—-60° or& =60
¢=-60" and & =60 ALFT FT for + same answer between 0° and 90° or 0 and g .
ig or £1.05 AWRT scores maximum MIM1AOATFT.
Special case: If M1 DMO scored then SC B1 for
0=—60°0r #=060°, and SC Bl FT can be awarded for
+( their 60°).
4
189. 9709 w21 ms 13 Q: 7
Question Answer Marks Guidance
= i i 2y = k(sin x — cos> M1 1
(a) tan x + cos x = k(tan x —os x) leading to sinx+cos x =k(sinx—cos“x) Use tanx = 2 and clear fraction.
cosx
sinx +1—sin’x = ksinx — k + ksin®x *M1 | Use cos’x=1-sin’x twice to obtain an equation in sine.
ksinZx +sin’x + ksinx —sinx —k —=1=0 DMI1 | Gather like terms on one side of the equation.
(k+1) sin’x+ (k-1)sinx—(k+1)=0 A1l | AG. Factorise to obtain answer.
4
(b) Ssin’x +3sinx—5=0 B1
) —3+.J0+100 M1 | Use formula or complete the square.
siny=———"———
10
x=48.1°,131.9° Al | AWRT. Maximum Al if extra solutions in range.
A1FT | FT for 180 — their answer or 540 — their answer if sinx is
negative
If MO given and correct answers only SCB1B1 available.
If answers in radians; 0.839, 2.30 can score SCB1 for
both.
4
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190. 9709 m20 ms 12 Q: 5

Answer Mark Partial Marks
2tan# - 6sinf+2=tan&+3sinf+2 — tan#-9siné (=0) M1 | Multiply by denominator and simplify
sin® - 9sinfcosd (=0) M1 | Multiply by cosé@
§in0(1-9c0sf) (=0) —>sin@ =0, cos® :% M1 | Factorise and attempt to solve at least one of the factors =0
6=0 or 83.6° (only answers in the given range) AlAl
5
191. 9709 _m20_ ms_12 Q: 11
Answer Mark Partial Marks
(a) (tanx —2)(3tanx +1) (: 0). or formula or completing square M1 | Allow reversal of signs in the factors. Must see a method
1 Al
tanx=2or-—
3
x = 63.4°(only value in range )or161.6°(only value in range ) BIFT
BI1FT
4
(®) | Apply b’ —4ac<0 M1 | SOL Expect 25-4(3)(k) <0, tan x must not be in coefficients
PPLY
Al
k> % Allow b? - 4ac = 0 leading to correctk > % for M1A1
2
(© |k=0 M1 | SOI
Al
tanx=0 or 3
3
x=0%r 180°0r59.0° Al | All three required
3
192.9709_s20_ms_11 Q: 4
(& |-1<iv<?2 B1B1
2
® k=1 Bl
Translation by 1 unit upwards parallel to the y-axis B1
2
(© 3 1 Bl
y=— —cos2x——
2 2
1
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859

(@ (1+5sin@)’ +cos’ @ M1
cos@(1+sing)
i M1A1
Use of sin>@+cos’6=1— Lsmﬂ — 2 .
cos@(1+sind) cosd
3
M1
®) 2 -3 L me=15
cos@  sinf
€=10.983 or4.12 Al
(FT on second value for 1st value + m) AIFT
3
194. 9709_s20 ms_12 Q: 2
a 8sind M1
@ 3cosf =8tand — 3c053:£
0s6
3(1—sin’6 ) =8sind M1
3sin?6+8sinf—-3=0 Al
3
(b) (3sin@ —1)(sin@ +3)=0—sinf=% M1
7=19.5° Al
2
195. 9709 _s20 ms 12 Q: 7
(@ M1
BC> =7+ 47— 20,27  cos (g) =512 - 223
BC=r[(5-243) Al
2
M1 Al
® Perimeter = 2T]W+r+ r (5—2\5)
2
(c) Area = sector — triangle
M1
Sector area = l4?'ZE
2 6
. LT M1
Triangle area = % . 21 smg
1 Al
Shaded area = »? rZ
3 2
3
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196. 9709 s20 ms_12 Q: 9

(@) f(x) from —1to 5 B1B1
g(x) from —10 to 2 BI1FT
(FT from part (a))
3
(b) e B2,1
2
() Reflect n x-axis B1
Stretch by factor 2 in the y direction B1
0 B1
Translation by — in the x direction OR translation by .
-
3
197. 9709 20 ms 13 Q: 7
(a) tan & N tand _ tan@(1-cosd) + tan (1 + cosd) M1
l+cosf l-cosé 1-cos’@
_ 2tané M1
sin’@
__2sing M1
cosfsin’g
.2 A1
" sinfcosf
4
) 2 6cosf M1
sinfcosf  sinf
1 Al
cos’@ =3~ cosO= (£)0.5774
54.7°,125.3° Al
(FT for 180° — 1st solution) AIFT
4

198. 9709 w20 ms 11 Q: 4

Answer Mark Partial Marks

B1B1

(v=)laJ+[2] cox3 6] 51




199. 9709 w20 ms_11 Q: 7

861

Answer Mark Partial Marks
(a) sin@ sing _\sinf(1+sin6) -sinH(1-sin &) *M1 . .
— = = 3 Put over a single common denominator
1-sinf 1+siné ) 1-sin“@
2sin’@ bM1 . ) .
5 Replace 1-sin” @ by cos” @ and simplify numerator
cos @
2tan’@ Al | AG
3
() 2tan’ =8 — tanf=(%)2 Bl | SOI
B1 | FT on 180 — Ist solution (with justification)
=) 63.4°, 116.6°
(¢=) ! B1FT
3
200. 9709 w20 ms_12 Q: 6
Answer Mark Partial Marks
(a) [ 1 sinx 1 1 B1 | Uses “tanx = sinx + cosx” throughout
—_— | —+
cosxy  cosx /| sinx
1—siny \( 1+ sinx 1—sin%x M1 | Correct algebra leading to two or four terms
[ cosx J[ siny ) o (cosxsinxj
[ cos2y Al | OE. A correct expression which can be cancelled directly to
cosxsinx cosx cos x(l —sin® x)
sine sinx(l— sin? x)
cos®x | (cosy) 1 Al | AG. Must show cancelling. If x is missing throughout their
[cosxsinx) - [ siux) ~ tanr working withhold this mark.
4
M1 | Reducing to tan’x = k.
® Uses (a) — pov 1 =2tan*x tan’x = % educing to tanx
(x=)38.4° Al | AWRT.

Ignore extra answers outside the range 0 to 180° but AQ if
within.
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201. 9709 w20 ms_12 Q: 11

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(a) 5,-1 B1 B1 | Sight of each value
2
(b) i *B1 | Needs to be a curve, not straight lines.
: One complete cycle starting and finishing at their largest
value.
DBI1 | One complete cycle starting and finishing at y = 5 and going
T down to y = —1 and starting to level off at least one end.
2
(©)(@) 0 solution B1
1
(c)(ii) | 2 solutions B1
1
(c)(iii) | 1 solution B1
1
@ Stretch by (scale factor) % , parallel to x-axis or in x direction (or B
horizontally)
0 B1 | Accept translation/shift
Translation of [ J Accept translation 4 units in positive y-direction.
2
(e) oz B1 | Accept translation/shift
Translation of 02 Accept translation —12; units in x-direction.
Stretch by (scale factor) 2 parallel to y-axis (or vertically). B1
2

202. 9709 w20 ms_13 Q: 3

Answer

Partial Marks

3tan’@ + tan’@ - 2 (=0)

M1 | SOI 3-term quartic, condone sign errors for this mark only

(3tan’0 - 2)(tan’6 +1) (=0)

M1 | Attempt to factorise or solve 3-term quadratic in tan’6 .

tan&:(i)\/g or (£)0.816 or (+)0.817

Al | SOI Implied by final answer = 39.2° after 1st M1 scored

39.2°,140.8°

Al | FT for 2nd solution =180° — 1st solution

A1FT




203.9709 ml19 ms 12 Q: 7

863

Answer Mark Partial Marks
(a) 3(17(;052 29)+3m529:0 — 3c0s?20—8c0s20 -3 (=0) M1 | Use s’ =1—¢” and simplify to 3-term quadratic in 26
1 . Al | Ignore other solution
cos26 =—— sol
3
20=109.(47) or 250.(33)° Al | One solution is sufficient, may be implied by either of
the next solns
6=754.7°or 125.3° A1Alft | Ft for 180° — other solution
Use of double angles leads to
3¢* —7¢? +2=0=>c=+1/3 for M1A1A1 then
A1A1 for each angle
Similar marking if 3sin® 26 =—8c0s26 is squared
leading to 9sin*26 + 64sin”26 — 64 =0
5
(b) V3=a+tan0— a =13 B1 | b=8 or—4 (or—10, 14 etc) scores M1AQ
0=tan(-bz/6)+ /3 taken as far as tan™", angle units consistent ML | Apif tan™ (—\,6 ) is not exact; (b=2 no working scores
B2)
b=2 Al
3
204. 9709 _s19 ms_11 Q: 6
Answer Mark Partial Marks
@) s (1.5 2 _(1=s)(1-5) (1-5)(1-3) B1 | Expresses tan in terms of sin and cos
c ¢ e 1-5%
B1 | correctly 1- s? as the denominator
(1 73)(1 73) M1 | Factors and correct cancelling www
T (s)(Lrs)
1-si Al
S AG
1+sinx
4
(ii) Uses part () to obtain 1- s%an 1 sin 2= M1 | Realises use of 2x and makes sin2x the subject
l+sin2x 3
T Al | Allow decimal (0.262)
=
12
Sz Al | FT for Yam — 1st answer.
(o) x=15 Allow decimal (1.31)

T and RLs only, and no others in range.
12 12

5
SCsine=t% — = 2Z B1
6 6
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205. 9709 _s19_ms_11 Q: 9

Answer Mark Partial Marks
) —1 < f(x) € 5 or [-1, 5] (may use y or f instead of f(x)) B1B1 | -1<f(x)<50r -1 <x<5or(-1,5) or [5,-1] Bl only
2
(ii) *B1 | Start and end at —ve y, symmetrical, centre +ve.
2 _J'" \
1 [ \
a T2 n 2 m
4L !
g(x)= 2—-3cosx forOL<xgp DB1 | Shape all ok. Curves not lines. One cycle [0,2n]
Flattens at each end.
2
(iii) (greatest value of p =) 7 Bl
1
(iv) x=2—3cosx — cosx = (2 - x) M1 | Attempt at cosx the subject. Use of cos™
o 42-x Al | Must be a function of x,
g '(x)=cos (may use ‘y =)
2
206. 9709 s19 ms 12 Q: 4
Answer Mark Partial Marks
(i) a’ +2ab+b*,a*> —2ab+b’ B1 | Correct expansions.
sin®x + cosx = 1 used — (aer)Z +(a —b)z =1 M1 | Appropriate use of sinx + cos?x = 1 with (a +b)1
and (a 4))2
a+b=% Al | No evidence of X2ab, scores 2/3

Alternative method for question 4(i)

2a = (stc) & 2b = (s—c) or a = Y5(s+c) & b =¥(s—¢) Bl

M1 | Appropriate use of sin?x + cos?x = 1
@+ = i(s + c)z +%(5‘ 7c)2 = 15(s>+¢?) Pprop

a+b =% Al | Method using only (sinx —5)? and (@ —cosx)?
scores 0/3.
3 . . .. 1
SC B1 for assuming & is acute giving a :E +b
or ZJE -b
(ii) umx:sm . a+b:2 M1

Use of tany =" to form an equation in a and b
cosx

only
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865

Answer Mark Partial Marks
(i) 3,-3 B1 | Accept+3
— B1
2% B1
3 | Condone misuse of inequality signs.
i Only mark the curve from 0 — 2. If the x axis is
y

Labels on axes are not required.

not labelled assume that 0 — 2x is the range shown.

2 complete oscillations of a cosine curve starting with a maximum at (0,a), a>0 Bl
Fully correct curve which must appear to level off at 0 and/or 27, Bl
Line starting on positive y axis and finishing below the x axis at 2. Must be Bl
straight.
3
(iii) 4 Bl
1

208. 9709 _s19 ms_13 Q: 9

Answer Mark Partial Marks
) g<f(x)<p+g B1B1 | Bl each inequality — allow two separate statements
Accept <. (g.p+q). [¢.p+q]
Condone y or x or fin place of f(x)
2
il a)2 B1
(i | @ Allow T, 7
4 4
3 B1
® Allow 0, E, b
2
4 B1
© Allow 385278
g8 8 8
3
. . . M1
(i) 3sin’2x+2=4 — sin’2x = % soi
A1l | OR Implied by at least one correct value for x. Allow sin™ form

) . 2
Sin2x = (£)0.816(5). Allow sin2x = (+) % or 2x = Sm"'(t)J;

(2x =) at least two of 0.955(3), 2.18(6). 4.09(7) . 5.32(8)

Al

Can be implied by corresponding values of x below
Allow for at least two of 0.3047, 0.696mw, 1.30(4)x, 1.69(6)n
OR at least two of 54.7(4)°, 125.2(6)°, 234.7(4)°, 305.2(6)°

(x=) 0.478, 1.09, 2.05, 2.66.

AlAl

Allow 0.152m, 0.348m, 0.652m, 0.8481
SC Al for 2 or 3 correct.
SC Al for all of 27.4°, 62.6° 117.4° 152.6°

2
Sin2x = i; —x=0.365.1.21,1.94,2.78 scores SC MIAOAOAL
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209. 9709 w19 ms_11 Q: 5

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(6] 1 . 2 M1 | Multiply by cosx or common denominator of cosx
4tanx+3cosx+——=0 — 4sinx+3cos"x+1=0
cosX
45mx+3(175m1x)+1:0 > 3sin’x—4sinx-4=0 M1 | Use cos® x=1-sin’x and simplify to 3-term quadratic in
sinx
. 2 Al | AG
sinx=-=
3
3
(1) 2x-20°=221.8318.2° MIAL | Attempt to solve sin(2x—20)=-2/3(Ml).
At least 1 correct (A1)
x=120.9°169.1° A1l | FT for 290° — other solution.
AIFT | SC Al both answers in radians
4
210. 9709 w19 ms 12 Q: 6
Answer Mark Partial Marks
(a) (2x + 1) = tan™"(*3) (= 0.322 or 18.4 OR —0.339 rad or 8.7°) “M1 | Correct order of operations. Allow degrees.
Either their 0.322 + m or 21t DM1 | Must be in radians
Or their —0.339 + g orm
x=123 or x=280 Al | AWRT for either correct answer, accept 0.397 or 0.89%
Al | For the second answer with no other answers between 0 and 2.8
SC1 For both 1.2 and 2.8
4
(®){d) |S5cos’x-2 Bl | Allowa=5,b=-2
1
by | 2 BI1FT | FT for sight of their b
3 BIFT | FT for sight of their a + b
2
211. 9709 w19 ms 13 Q: 7
Answer Mark Partial Marks
e} 300546+4(l—c052€)—3(: 0) M1 | Use s* =1-¢?
357 +4(1-x)-3(=0) = 3x* —4x+1(=0) Al | AG
2
(ii) Attempt to solve for x M1 | Expectx=1,1/3

cos@=(£)1, (£)0.5774

Al

Accept (i)[%j soI

(6=) 0°, 180°, 54.7°, 125.3°

A3,2,1,0 | A2,1.,0 if more than 4 solutions in range
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Answer Mark Partial Marks
(a) 2tanx+5=2tan’x +Stanx+3 — 2tan’x +3tanx —2(=0) M1A1 | Multiply by denom., collect like terms to produce 3-term quad. in
tanx
0.464 (accept 0.148x), 2.03 (accept 0.6487) Al1A1 | SCA1 for both in degrees 26.6° 116.6° only
4
(b) a=30° k=4 B1B1 | Accept a=7/6
2

213.9709_s18 ms_11 Q: 4

Answer Mark Partial Marks
(i) (sind + cos G)(1 — sinfcosh) = sin’f + cos*f. Accept abbreviations s and ¢
LHS = sinf + cosf — sin“fcosf —sinfcos*d M1 | Expansion
= sinf(1 - cos?d) + cosf(1 — sin?f) or (s +c—c(1—c)—s(1-57) MI1A1 | Uses identity twice. Everything correct. AG
Uses sin*d + cos?#=1 — sin’8 + cos*d (RHS) or from RHS: M1 for use of trig ID twice
Or
LHS = (sin6 + cos8)(sin’6 + cos’0 — sin fcos §) M1 | M1 for factorisation
= sin’@ + sinBcos’d — sin’6 cos 8 + cos Bsin’8 + cos’d —sin Bcos’O = sin’8 + cos’@ MI1Al
3
Answer Mark Partial Marks
(11) (sind + cos &)(1 — sinfcosf) = 3cos*d — sin’f = 2cos*d M1
— tan*d=2 — @=51.6° or 231.6° (only) A1AITFT | Uses tan® = sin® + cos’. A1 CAO. A1FT, 180 + their
acute angle. fan’6 =0 gets MO
3

214. 9709 _s18 ms_12 Q: 4

Answer Mark Partial Marks
[6] at+¥%b=35 B1 | Alternatively these marks can be awarded when Y2 and —1 appear
after @ or b has been eliminated.
a-b=11 B1
—a=T7andb=-4 B1
131
(if) a+ b or their a + their b (3) B1 | Not enough to be seen in a table of values — must be selected.
Graph from their values can get both marks.
a— b or their a— their b (11). B1 | Note: Use of b — 4ac scores 0/3
—k<3,k>11 B1 | Both inequalities correct. Allow combined statement as long as

correct inequalities if taken separately.
Both answers correct from T & I or guesswork 3/3 otherwise 0/3
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215. 9709 s18 ms_ 12 Q: 10

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(i) 2cosx = —3siny — tanx =— % M1 | Use of tan=sin/cos to get tan =, or other valid method to find sin or
cos =.
_ 3
MO for tanx =+ —=
2
— x = 146.3° or 326.3%wrt A1 AIFT | FT for 180 added to an incorrect first answer in the given range.
The second Al is withheld if any further values in the range
0°< x< 360° are given. Answers in radians score A0, AQ.
3
Answer Mark Partial Marks
(ii) No labels required on either axis. Assume that the diagram is 0°
to 360° unless labelled otherwise. Ignore any part of the diagram
outside this range.
B1 | Sketch of y = 2cosx.
L One complete cycle; start and finish at top of curve at roughly the
S : same positive y value and go below the x axis by roughly the same
/ X distance. (Can be a poor curve but not straight lines.)
rd N
& L | B1 | Sketch of y= —3sinx
% One complete cycle; start and finish on the x axis, must be inverted
o and go below and then above the x axis by roughly the same
| " f distance. (Can be a poor curve but not straight lines.)
B1 | Fully correct answer including the sine curve with clearly larger
amplitude than cosine curve. Must now be reasonable curves.
Note: Separate diagrams can score 2/3
3
(i) | x<146.3° x> 326.3° BIFT BIFT | Does not need to include 0°, 360°. v from their answers in (i)
Allow combined statement as long as correct inequalities if taken
separately. SC For two correct values including ft but with < and >
Bl
2
216. 9709 _s18 ms 13 Q: 7
Answer Mark Partial Marks
(@@ sing® M1
tan’6—1 _ co50?
tan’6 +1 sing*
+1
cos 8*
_ sin@’ —cos@’ Al | multiplying by cos&*
"~ siné? +cosé? Intermediate stage can be omitted by multiplying directly by cos&*
= sin@® —cos@’ =sind’ —(1 —sinez) =2sin’8-1 Al | Using sin6* +cos#® =1 twice. Accept a=2, h=—1
26-2 M1 tan’@ -1
AT X702 Atz 22
sec @ sec @
2 2
- 22 = 12005 Al | (tan’8 -1)cos’@
sec @
1-2(1-sin’0)=2sin*0 -1 ALY sin?9— cos®0 =sin60 - (1-sin’0) = 2sin’¢ - 1
3
(a)(ii) M1 .
2sin’6-1=1 sinf =(+) 3o (%)0.7906 [2 11 e =5-1=(%) S o r=(+)1.2910
4 8 r+1 4 3
f=-52.2 Al
2
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Answer Mark Partial Marks
(b)()) | sinx=2cosx — tanx=2 M1 \/Z \/T
Or sinx = |- orcosx = ,[—
5 5
x =1.11 with no additional solutions Al | Accept 0.352x or 0.353m. Accept in co-ord form ignoring y co-ord
2
(b)(i1) | Negative answer in range —1 <y <—0.8 B1
—0.894 or —0.895 or-0.896 B1
2
217. 9709 _wl8 ms_11 Q: 5
Answer Mark Partial Marks
(6] (cos & —4)(5cos 8 —2) — 4sin’@ (<0) M1 | Accept numerator only
sin&(5cos 8 —2) -
Scos’6—22cos6+8—4 (1 — cosZG] M1 Simplify numerator and use s =1-¢. Accept numerator
=0
sinB(5cos 8 —2) (=0) only
9c0s’0 —22c0s0+4=0 www AG Al
3
(ii) Attempt to solve for cos@, (formula, completing square expected) M1 | Expect cos&=0.1978. Allow 2.247 in addition
6 ="78.6° 281.4° (only, second solution in the range) A1AI1FT | Ft for (360° — 1st solution)
3
218. 9709 w18 ms 12 Q: 4
Answer Mark Partial Marks
i Bl | Correct
O ew=2- 3cos(%x) orrect g
1 . 1. .1 1Y 4 1 M1 | M1 for correct order of operations to solve their fg(x) = 1 as
2- 3(:05(51: )=1— cns(Ex) T3 (Y Tees ’he"'g far as using inverse cos expect 1.23, (or 70.5°) condone x =.
Al | O Luti ly in the gi L1 tsid
X =2.46 awrt or 4';”(0.784naw11) thgi:_gglé_ on only in the given range, ignore answers outside
Answer in degrees A0.
Alternative:
Solve fy) =1 —y=123— %x =1.23 BIM1
—x=2.46 Al
3
Answer Mark Partial Marks
(ii) B1 | One cycle of + cos curve, evidence of turning at the ends not
required at this stage. Can be a poor curve but not an inverted
“V. If horizontal axis is not labelled mark everything to the
right of the vertical axis. If axis is clearly labelled mark 0 —
2m.
B1 | Start and finish at roughly the same negative y value.
Significantly more above the x axis than below or correct
range implied by labels .
B1 | Fully correct. Curves not lines.
Must be a reasonable curve clearly turning at both ends.
Labels not required but must be appropriate if present.
3
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219. 9709 w18 ms_12 Q: 6

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(1) In A ABD. tand = i . BD= 9 or 9tan(90 — &) or 9 cot® B1 | Both marks can be gained for correct equated expressions.
BD tané
9sin (90— &
or [(20 tan8Y’ - 92] (Pythag) or M (Sine rule)
sing
. BD . B1
In A DBC, siné= > — BD =20sin@
.9 M1 | Equates their expressions for BD and uses sin@/cos@= tané&
20sinf= —— . ;
tan@ or cos@sind= cot Aif necessary.
— 20s5in28=9cosOAG Al | Correct manipulation of their expression to arrive at given
answer.
SC:
. BD .
In ADBC, sinf= E — BD =20siné Bl
InAABD, BA= L and cos@= £
sinf BA
20siné 20sin?8
cosf = SI_n — cosf= e M1
9/ sinf 9
— 20sin*6=9cos @ Al Scores 3/4
4
(ii) Uses 2 + ¢ =1 — 20co0s*8 + 9cosf — 20 (= 0) M1 | Uses s+ ¢ =1 to form a three term quadratic in cos@
— cosd =0.8 Al | www
— 8=36.9° awrt Al | www. Allow 0.644° awrt. Ignore 323.1° or 2.50°.
Note: correct answer without working scores 0/3.
3
220. 9709 w18 ms 13 Q: 7
Answer Mark Partial Marks
® (tan @ +1)(1—cos @) + (tan & — 1)(1+ cos 6) soi M1
(1+cos@)(1-cosd)
tan @ —tan&cos & + 1 —cos & + tan & — 1 + tan & cos & — cos & Al
1—cos’8
- Al
2{tam? - cosd) AG
sin“@
3
Answer Mark Partial Marks
ii i M1 | Equate numerator to zero and replace tan#bysin &/ cosé@
@ (2)(tan @ —cos &) (:0)%(2)(51115 7c055J (=0) soi a P ¥
cos&
(2)(51n0 7(1 751'1125)) (=0) DM1 | Multiply by cos@ and replace cos’6by1—sin’8
sin® =0.618(0) soi Al | Allow (V5-1)/2
6=38.2° Al | Apply penalty —1 for extra solutions in range
4




221. 9709 ml7 ms_12 Q: 5
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Answer Mark Partial Marks
@ tanx = cosx —» sinx = cos’x M1 | Use tan = sin/cos and multiply by cos
sinx=1-sin’x M1 | Use cos’x =1-sin’x
sinx = 0.6180 . Allow (-1 +/5)/2 M1 | Attempt soln of quadratic in sin x . Ignore solution —1.618. Allow x =
0.618
x-coord of 4 = sin™'0.618 = 0.666 cao Al | Must be radians. Accept 0.2127
Total: 4
(i) EITHER o1
x-coord of B is 7 — their0.666 Expect 2.475(3). Must be radians throughout
y-coord of B is tan(their 2.475) or cos(their2.475) M1
x=2.48,y=-0.786 or—0.787 cao Al) | Acceptx=0.788m
OR ™M1
y-coord of B is — (cos or tan (their 0.666))
x-coord of B is cos™ (theiry) or m+ tan™ (their ) M1
x =248, y=-0.786 or—0.787 Al) | Acceptx=0.7881
Total: 3
222. 9709 s17_ms_11 Q: 3
Answer | Mark Partial Marks
@ 1+cos€+ sing EL_
sin@  1+cosf sind
(1 +c)2 52 142etcits? M1 | Correct use of fractions
s (1 + c) 5 (1 + c)
_ 242¢ _ 2 (1+ c) . E M1 Al | Use of trig identity, Al needs evidence of cancelling
s(l+e) s(l+e) s
Total: 3
(i1) Z 3 E M1 | Use part (i) and # = s + ¢, may restart from given equation
s ¢ 3
— #=33.7°0r213.7° A1 AIFT | FT for 180° + 1st answer. 2nd A1 lost for extra solns in range
Total: 3
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223. 9709 _s17_ms_11 Q: 5

Answer | Mark Partial Marks

¥ =2cosx

(1) B1 | One whole cycle — starts and finishes at —ve value

DB1 | Smooth curve, flattens at ends and middle. Shows (0, 2).

Total: 2

) P(? 1) On, -2)

27\ M1 Al | Pythagoras (on their coordinates) must be correct, OE.
— PQP= (T) +3? »PQ=37

Total: 2
Answer | Mark Partial Marks
(iif) ] T M1 | Correct form of line equation or sim equations from their P & Q
EqnofPQ y—1=——| x——
2z 3
5 Al 5
Ify:0—>h:—ﬂ AG, condone x:—ﬂ
9 9
5 Al | SR: non-exact solutions Al for both
Ifx=0—k=—,
2
Total: 3
224. 9709 s17_ms_12 Q: 3
Answer I Mark Partial Marks
i 2 M1 i
® LHS = [l _i} Eliminates tan by replacing with s leading to a function of sin and/or cos
c ¢ cos
only.
(- S)Z M1 | Uses s* + ¢ =1 leading to a function of sin only.
T
(1 ,g)(l,g) 1—sing Al | AG. Must show use of factors for Al.
T (1-s)(1+s) l+sing
Total: 3
(11) Usespart (i) —=2—-2s=1+5
—s5=% M1 | Uses part (i) to obtain s = k
6=19.5° or 160.5° A1A1FT | FT from error in 19.5°
Allow 0.340¢ (0.3398<) & 2.80(2) or 0.1087 & 0.8927 for A1 only.
Extra answers in the range lose the second A1 if gained for 160.5°.
Total: 3




225. 9709 s17_ms_12 Q: 10
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Answer | Mark Partial Marks
@ 1) 1) _ M1 . ! 1 _
3tan Ex =-2 —tan Ex =% Attempt to obtain tan Ex =k from 3tan Ex +2=0
¥x=—0.6(-0588) »x=-12 M1 A1 | tan™ k. Seeing ¥sx =— 33.69° or x= — 67.4° implies MIMI.
Extra answers between —1.57 &1.57 lose the Al.
Multiples of  are acceptable ( eg — 0.374x)
Total: 3
(i) y+2 . 1 M1 | Attempt at isolating tan(¥2x)
—— =tan| —x
3 2
. a(x+2 M1 Al | Inverse tan followed by < 2. Must be function of x for Al.
— {(x) =2tan [TJ
-5.1 B1 B1 | Values stated B1 for -5, B1 for 1.
Total: 5
Answer | Mark Partial Marks
(iii) B1 B1 B1 | A tan graph through the first, third and fourth quadrants. (B1)
An invtan graph through the first, second and third quadrants.(B1)
Two curves clearly symmetrical about y = x either by sight or by exact end
points. Line not required.
Approximately in correct domain and range. (Not intersecting.) (B1)
Labels on axes not required.
Total: 3
226. 9709 _s17_ms_13 Q: 5
| Answer Mark Partial Marks
® 2sinf+cos@ 2siné M1 | Replace tan8 by sin8/cosé
sinf+cosf  cosf
25in&cos 8 + cos28 = 2sin2@ + 2sin fcos 6 = ¢ = 25> M1 Al | Mult by ¢(s + ¢) or making this a common denom.. For Al simplification to
AG without error or omission must be seen.
Total: 3
(i) tan’6=1/2 or cos’6=2/3 or sin’6=1/3 Bl | Use tan@=s/c or ¢ +s* =1 and simplify to one of these results
6=35.3° or 144.7° B1B1FT | FT for 180 — other solution. SR B1 for radians 0.615, 2.53 (0.196m, 0.804m)
Extra solutions in range amongst solutions of which 2 are correct gets BIB0
Total: 3
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227. 9709 w17 ms_11 Q: 7

Answer Mark Partial Marks
(a) a=-2, b=3 B1B1
2
L)) s+52—sc+2c+25c—2C" =s+sc—5> —2¢° +2c=0 B1 | Expansion of brackets must be correct
1-cos’6—2cos’@+2cos8 =0 M1 | Uses 5 =1-¢?
3cos’6—2cos6-1=0 Al [ AG
3
i, 1 B1
®® cos@=1 or —
3
6=0° or 109.5° or—109.5° B1B1B1 | FT for — their 109.5°
FT
4

228. 9709 w17 ms 12 Q: 5

Answer Mark Partial Marks
@ EITHER: (M1 i in?
in?2 Replaces tan*2x by w not smz 2x
Uses tan22x = o1 <X cos’2x cos
cos’2x
Uses sin?2x = (1 — cos?2x) M1 | Replaces sin’2x by (1 — cos?2x)
— 2c0s°2x + 3cos2x +1 =0 Al) | AG. All correct
OR: (M1 | Replaces tan®2x by sec’2x—1
tan”2x = sec’2x -1
M1
sec’2x = Replaces sec’2x by
cos?2x cos?2x
Multiply through by cos?2x and rearrange
— 2c0572x + 3c0os2x +1=0 Al) | AG. All correct
3
(i1) cos2x=—% ,—1 M1 | Uses (i) to get values for cos 2x. Allow incorrect sign(s).
2x =120°, 240° or 2x = 180°1 A1 A1 FT | Al for 60° or 120° FT for 180—1st answer
x =60° or 120°
orx =90° Al | Any extra answer(s) in given range only penalise fourth mark so
max 3/4.
4




229. 9709 _wl7_ms_12 Q: 6
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10=c+dand-4=c-d
10=c—d and 4=c+d

Answer Mark Partial Marks
(a)d) 4=a+¥b M1 | Forming simultaneous equations and eliminating one of the
3=ath variables — probably a. May still include Siﬂ%ﬂ.ﬂd /or siu%
—a=5 b=-2 Al A1
3
(a)(ii) ff(x) = a + bsin(a + bsinx) M1 | Valid method for ff. Could be f(0) = N followed by f(N) =M.
££(0) = 5 — 2sin5 = 6.92 Al
(b) EITHER: (M1 | Either pair of equations stated.

c=3,d=7,-Tor+7

A1l A1) | Either pair solved ISW

Alternately c=3 B1,range =14 M1— d=7, -7 or+7 Al

¥ 34 Pralx

g

(M1 A1 A1) | Either of these diagrams can be awarded M1.Correct values of ¢

and/or d can be awarded the Al, Al

3
230. 9709 w17 ms_13 Q: 5
Answer | Mark Partial Marks
(@] 056+ 4 +55in%0 + 5sin6— 5sin6—5 (=0) M1 | Multiply throughout by sin@+1. Accept if 5sin@—5siné is not
seen
5(1—c0s16’)+c056—1 (=0) M1 | Use s?=1-¢?
5c0s° 0 —cosf—4=0 AG Al | Rearrange to AG
3
(ii) cos@=1 and 0.8 B1 | Both required
0= [00,3500], [143_10]! [215_90] B1 B1 B1 | Both solutions required for 1st mark. For 3rd mark FT for
FT | (360°—their143.1°)
Extra solution(s) in range (e.g. 180°) among 4 correct solutions
scores i
4
4
231. 9709 ml16 ms 12 Q: 4
Answer Mark Partial Marks
(a) 3x=—3/2 M1 Accept —0.866 at this stage
-3 _ _
x= —\F oe Al Or = or !
6 1| 63 23
(b) (2cos@-1)(sin@-1)=0 M1 Reasonable attempt to factorise and solve
cos@=1/2 orsin@ =1 Al Award B1B1 www
O=r/3orzl2 AlA1l Allow 1.05, 1.57. SCA1for both 60°, 90°
[4]
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232. 9709 _s16_ms_11 Q: 2

Answer Mark Partial Marks
3sin?0 = 4cosf — 1
Usess2+c2=1
—3c2+4c—-4(=0) M1 Al Equation in cosf only. All terms on

( 2 2 one side of (=)
—c=— or-—
3

— 0=48.2°0r311.8° Al A1 For 360° — 1st answer.
0.841, 5.44 rads, Al only
(0.268m, 1.73m) [4]

233.9709_s16_ms_11 Q:11

Answer Mark Partial Marks
i) f:x—»4sinx—1for—§<x<% B1 —5and 3
Range -5 < f(x) < 3 B1 Correct range
[2]
" 1 . .
(i) 4s—1=0—s= 77 0.253 M1 Al Makes sinx subject. Degrees M1 A0,
(14.5%
x=0—-y=-1 B1
[3]
(iii) ) B1/ Shape from their range in (i)

) B1 Flattens, curve.
o T
b 3

. 1 1
(iv) range —5 < (0 < 5 T B1
domain -5 < x <3 B1+ J* on part (i) (only for 2 numerical
values)
Inverse f'(x) = sin”' (XTHJ M1 Al Correct order of operations
[4]




234. 9709 _s16_ms_12 Q: 5

Answer

877

Mark Partial Marks
i
O tan| Z | = Ac or cos Z= sinE :ﬁ B1 Either trig ratio
3 2x 3 6) AB
— AC =2\3x or AB = 4x
AM= \)13x2,\/§x,3.61x MI1A1 Complete method.
[3]
(i) tan (MAC) = —~ M1 “Their AC” must be f(x),
Their AC R
(Mic)=0.
1 1 . T .
6=—n —tan —— AG Al Justifies — and links MAC & &
6 243 2 6
(2]
235. 9709 s16 _ms 12 Q: 7
Answer Mark Partial Marks
(i) 1+cosf 1-cosd _ 4
l-cosf 1+cos@ sinf tand
1+2c+c27(172c+c2)
LHS = Ml Attempt at combining fractions.
(1-c)(1+¢)
4c .
BT Al Al Al for numerator. Al denominator
4c .
= = Essential step for award of Al
4
=— AG Al
Is [4]
ii -
@ sinf (l *oosf 1 COSQJ =3. Uses part (i) to eliminate “s”
l-cosf 1+cos@ correctly.
_,sxi=3(_,f=§) M1
s b
6=53.1° and 233.1° A1 A1 | for 180° + 19 answer.

[3]
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236. 9709_s16_ms_13 Q: 6

APPENDIX A. ANSWERS

Answer Mark Partial Marks
BAC =sin™"(3/5) or cos™'(4/5) ortan”'(3/4) | Bl Accept 36.8(7)°
ABC =sin™'(4/5) or cos™'(3/5) ortan™"(4/3) | Bl Accept 53.1(3)°
ACB=1/2 (Allow 90°) Bl
Shaded area = AABC — sectors (AEF + BEG +
CFG) Mi
AABC:%X4><3 oe Bl
Iroo
Sum sectors = —| 3%0.6435) +
2
2%0.9273 +11.5708] M1
T a2 2 2
OR ——3736.8(7)+2753.1(3)+1°90
T [536:8(7)+ 2%53.1(3) + P90
6-5.536 = 0.464 Al
[7]
237. 9709 s16_ms_13 Q: 8
Answer Mark Partial Marks
(i) 3sin®x —cos’x +cosx =0 M1 Multiply by cosx
Use s> =1—¢* and simplify to 3-term quad M1 Expect 4¢” —c—3=0
cosx=-3/4and 1 Al
x =242 (allow 0.777) or 0 (extra in range AlAl SC1 for 0.723 (or 0.237), =
max 1) [5] | following 4¢* +¢-3=0
(i) 2x = 27w —their2.42 or 360 - 138.6 B1Y Expect 2x =3.86
x = 1.21 (0.385m), 1.93 (0.614/57), 0, © (3.14) B1B1 Any 2 correct B1. Remaining 2
(extra max 1) [3] | correct B1. SCBIforall 69.3,
110.7, 0, 180 (degrees)
SCBI for .361, n/2, 2.78 after
4c* +¢-3 =0
238. 9709 w16 ms 11 Q: 6
Answer Mark Partial Marks
(i) | cos*x= (1 - sinzx)2 =1-2sin’x +sinx AG | B1 Could be LHS to RHS or vice
[1] | versa
(i) | 8sin*x+1—2sin’x +sin’x = 2(1 - sinzx) M1 Substitute for cos'xandcos’x or
9sin’x =1 Al OR sub for sin’x — 3cos’x=2
x=35.3% (or any correct solution) Al y cost — (i) 273
Any correct second solution from 144.7°, 215.3°, Allow the first 2 A1 marks for
324.7° Al radians
The remaining 2 solutions Al (0.616, 2.53, 3.76, 5.67)
(5]




239. 9709_wl6_ms_12 Q: 2
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Answer Mark Partial Marks
i) 2sin2x = 6cos2x
tan2x =/ M1 Expand and collect as far as tan2x = a constant
from sin +~cos  soi
— tan2x =3 or k =3 Al cWo
[2]
(ii) x= (tan ' (theirk))+2 M1 Inverse then +2. soi.
(71.6° or —108.4°) =2
x=35.8°-54.2° Al ALY ¥ on 1st answer +/ — 90° if in given range but no
[3] | extra solutions in the given range.
x=0.624°, — 0.946°
x =0.198x°, — 0.301x° Both SR A1A0
240. 9709 _wl16_ms_ 12 Q: 10
Answer Mark Partial Marks
@) 3IC)KT B1 Identifying both 3 and 7 or correctly stating one
inequality.
B1 Completely correct statement.
[2] | NB 3 € x < 7 scores B1B0
(i)
B1* One complete oscillation of a sinusoidal curve
between 0 and n.
DB1 All correct, initially going downwards, all above
[2] | fx)=0
(iii) 5-2sin2x =6 — sin2x=-—% M1 Make sin2x the subject.
Ix 117z
— 2x= — or —
6 6
7 11 \ 3
— x= o 2 E " for 7 1™ answer from sin2x = —% only, if
12 12 2
0.583mor 09171 in given range
7+0.524 or 27 —0.524 Al ALY
2 2 [3]
1.83% or 2.88° SR A1AQ for both.
(iv) =T B1
4 [
W) 2sin2x=5—y — sin2x=%(5—») M1 Makes +sin2x the subject soi by final answer.
M1 Correct order of operations including correctly
dealing with « - <.
1 — 1 il (5 - X ) .
(g () ="Y2sin CE Al Must be a function of x
[3]
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241. 9709 _wl6_ms 13 Q:3
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Answer Mark Partial Marks
6
4sin’x = 6c0s’x = tan’x = 2o 4sin’x = 6(1 - sinzx) M1 Or 4(1 - coszx) =6c0s’x
[tanx = (£)1.225 or sin x = (£)0.7746 or cos x = (£)0.6325]
x=50.8 (Allow 0.886 (rad)) Al Or any other angle correct
Another angle correct Al Ft from 1st angle (Allow radians)
All 4 angles correct in degrees
x=150.8°129.2°, 230.8°, 309.2° Al
[ 0.886, 2.25/6, 4.03, 5.40 (rad) ] [4]
242. 9709 _s15 ms_11 Q: 1
Answer Mark Partial Marks
01is obtuse, sin0=k
6 cos 6=—(1 - k) Bl cao
(1]
. sin @ ) L
(i) tan 6 = 2 used Ml Used, attempt at cosine seen in (i)
cos
k : . . .
— tan 0 =— —— aef Al Ft for their cosine as a function of &
J(1— k%) [2] | only, from part (i)
(iii) sin (0 + ) =—k B1 cao
(1]




243. 9709 _s15_ms_11 Q: 8
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Answer Mark Partial Marks
1
f: x5+ 3cos (—XJ for0 = x = 2.
2
. 1
] 5+ 3cos (— x) =7
2
1 2
1 2 Bl Makes cos (— xJ =—
cos | —x|= - 2 3
2 3
1
T 0.84 x=1.68 only, aef MIAI[S] Looks up cos " first, then x2
(in given range)
(ii) : B1 v always +ve, m always —ve.
Bl from (0, 8) to (27, 2) (may be
: [2] | implied)
2
(iii) No turning point on graph or 1:1 B1 cao, independent of graph in (ii)
(1]
(iv) y=5+3cos (1 xj M1 Tries to make x subject.
2
Order; —5, <3, cos ™!, x2 Ml Correct order of operations
Y 5 Al cao
x =2cos 3 [3]
244. 9709 s15 ms_12 Q: 1
Answer Mark Partial Marks
f'(x) =5-2x% and (3, 5)
) = 5x - 22 (+e) BI For integral
Uses (3, 5) M1 Uses the point in an integral
He=8 Al co
[3]
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245. 9709_s15_ms_12 Q: 8

Answer Mark Partial Marks
(a) 1st, 2nd, nth are 56, 53 and —22

a=56, d=-3

—22=56+(n-1)(-3) M1 Uses correct u, formula.

— n=27 Al co

Sy = %(1 12+ 26(— 3)) M1 Needs positive integer »

— 459 Al Co
[4]

(b) 1%, 2M 3 are 2k + 6, 2k and k + 2.
i : 2k _ k+2
® | Either 546 = ok o
or uses a. r and eliminates M1 Correct method for equation in 4.
—2k* =10k -12=0 DM1 Forms quad. or cubic equation with
no brackets or fractions.

Sk=6 Al Co

[3]
ii - : - 2k k+2 2
(D) |5, = (2 withr= ;70c or B2 (=3) Ml Needs attempt at @ and  and S

— 54 Al Co

(2]

246. 9709 s15 _ms_13 Q: 4

Answer Mark Partial Marks
(i) tanf=1/3 M1
#=18.4° only Al Ignore solns. outside range 0—180
2]
() | tan2x=(x)1//3 Must be sq. oot soi M1 sin2x=(+)1/2 or cos2x = (£)v/3/2
usingc” + s~ =1.Not tan x = (£)— etc.
V3
(x)=15 Al ft for (90 * their 15) or (180 — their 15)
(x) = any correct second value (75, 105, 165) Al All four correct. Extra solns in range 1
(x)=cao Al
[4]
247. 9709 _wls _ms 11 Q:3
Answer Mark Partial Marks
4x? +x* =1/2 soi Bl
Solve as quadratic in x” M1 E.g.(4x* —1)(2x* +1) or x* = formula
x* =1/4 Al Ignore other solution
x==%1/2 Al
(4]




248. 9709 w15 ms_11 Q: 4
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Answer Mark Partial Marks
. 2 . sin @ .
(i) | 4cos” @+15s5in@ =0 M1 Replace tan 8 by and multiply by
cos
sin & or equivalent
4(1-5*)+155 =0 —> 4sin” 6—15sind—4=0 MI1A1 | Use ¢* =1-s”and rearrange to AG
Bl | (www)
(ii) | sinf@=-1/4 B1
6 =194.50r 345.5 BIB1Y" | Ignore other solution
[3] | Ft from 1st solution, SC B1 both angles
in rads (3.39 and 6.03)
249. 9709 w15 _ms_12 Q: 4
Answer Mark Partial Marks
2 2
1 1 1 .
@) [ —— ] :(— —Ej M1 Use of tan = sin/cos
sinx tanx s S
2 2
azor _f) _dzor Cz M1 Use of 52 =1 — ¢
s 1-c¢
_ _ N2
_(-9(-0) = (-0 Al
(I-c)(1+c¢) (I-c)l+¢)
_1zcosx Al [4]]ag
14 cosx
2
. 1 1 2
ii - ==
@) [sinx tanxj 5
1-cosx = 2 - cosxé M1 Making cosx the subject
I+cosx 5 7
— x=1130r5.16 ALAL | 27— 1" answer.
[3]
250. 9709 w15 ms 13 Q: 7
Answer Mark Partial Marks
(a) 1+3sin” @+ 4cosf =0 M1 Attempt to multiply by cos 8
1+3(1—cos?0) + 4cos0 +0 M1 Use ¢? +s2 =1
3cos? 0 —4cosf—4=0 AG Al
cosf =—2/3 B1 Ignore other solution
0=131.8 0r228.2 B1B14* | Ft for 360 — 1% soln. —1 extra solns in
[6] | range
(b) c=b/a cao B1 Radians 2.30 & 3.98 scores SCB1
d=a-b B1
[2] | Allow D =(0,a— b)




884

251. 9709 m22 ms_ 12 Q: 3

APPENDIX A. ANSWERS

Question Answer Marks Guidance
a an be seen within an expansion.
2V B1 | Canb ithi pansi
C, %(3x) (—IJ
X
15%3*% 2?2 B1 | Identified. Powers must be correct.
4860 B1 | Without any power of x
3
(b) Their 4860 and one other relevant term M1 | Using their 4860 and an attempt to find a term in x>

3
Other term = 6c3(3x)3[%J or 6C3x3°x2% or 4320
X

Al | Must be identified.
If MO scored then SC B1 for 4320 as the only answer.

[4860 — 4320 =] 540 Al
3
252. 9709 m22 ms_12 Q: 4
Question Answer Marks Guidance
art=a+d B1
ar*=a+5d B1
ait = a(a+5d) leading to &+ 5ad = (a+ d)l *M1 | Eliminating » or complete elimination of @ and d.
Al

[3ad—a’2 =0 leading tu] d=3a OR [r =2 leading to] d=3a

Sy = %[Za +19x3a]

DMI1 | Use of formula with rheir d in terms of a.

590a Al
6
253.9709_m21 ms_ 12 Q:1
Question Answer Marks Guidance
(@) 1+5x+10x? B1
1
(b) 1-12x+60x* B2, 1,0 | B2 all correct, B1 for two correct components.
2
(©) (1+5x+10x")(1-12x+ 60x ) leadingto 60—60+ 10 M1 | 3 products required
10 Al | Allow 10
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254. 9709 m21 ms_12 Q: 9

Question Answer Marks Guidance
(a)() cosd 1 B1

1-» cosf

1-r=cos’@ leadingto »=1-cos’@ M1 | Eliminate fractions

r =sin’¢ leadingto 2nd term = cos#sin’¢ Al | AG
3

(@)() b LT N M1 Evidence of correct substitution, use of Sn formula
cos| — || 1—| sin" | — 1
3 3 0.5[1— (0.75) :| and attempt to evaluate
Sp= =
1—sin?[ ® 1-0.75
3

1.937 Al

2
® [d =](:0sBsi112 G—cosf ML e of d=u —u
1 Al
8
[85th term =] 1 FR4X— 1 M1 | Use of a + 84d with a calculated value of d
2 8

-10 Al

4

255.9709_s21 _ms_11 Q:2

Question Answer Marks Guidance
10(2a + 19d) = 405 Bl
20(2a +39d) = 1410 B1
Solving simultaneously two equations obtained from using the correct sum M1 | Reach a=or d=

formulae [a =6, d = 1.5]

Using the correct formula for 60th term with their a and d M1
60th term = 94.5 Al OF. e 189
2
5
256. 9709 s21 _ms 11 Q: 3
Question Answer Marks \ Guidance
(@) 243 B1
—810x B1
+1080x" B1
3
(b) 4+x)’=16+8+x Bl
Coefficient of x? is 16 x 1080 + 8 x (—810) + 243 M1 | Allow if at least 2 pairs used correctly
11043 Al | Allow 11043
3
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257.9709 s21 ms 11 Q: 5

APPENDIX A. ANSWERS

Question Answer Marks | Guidance
(-12)* =8k = 2k M1 | Forming an equation in &
k=-3 Al
Using correct formula for S.. [F=0.5, a =—384] M1 | With -1<r<1
S, =—T768 Al
Alternative method for Question 5
N 2k M1
8k
r=[£]0.5 Al
Using correct formula for S.. [r=0.5, a =—384] Ml | -1<r<l
S, =—T768 Al
4
258. 9709 21 _ms_12 Q: 4
Question Answer Marks | Guidance
[Coefficient of x or p =] 480 B1 | SOL Allow 480x even in an expansion.
1 (kO M1 | Appropriate term identified and selected.
[Term m—org :}[10><](2x) (x—z]
[10 x 2% =] 80K Al Allow 80k?
P = 6q used (480 = 6 x 80k or 80 = 80K) M1 Correct link used for their coefficient of x and l (» and g) with
no x’s. '
[F=1=]k=+1 Al | A0 if a range of values given. Do not allow ++/1 .
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259. 9709 s21 ms_12 Q: 8

Question Answer Marks Guidance
(a) 3 Bl | SOI
a+b:2x5a =b=2a
18% = a(b + 3) OF or 2 correct statements about 7 from the GP, Bl | SOI
18 b+3
eg r=— andb+3=18ror r* -2
a a
324 =a(2a +3) = 24" + 3a— 324[= 0] M1 | Using the correct connection between AP and GP to form a
or 3-term quadratic with all terms on one side.
b*+3b— 648[= 0]
or
612 —r—12[=0]
or

4d* +3d - 162[= 0]

(a-12)(2a+27)[=0] M1 | Solving their 3-term quadratic by factorisation, formula or
or completing the square to obtain answers for @, b, » or d.
(b-24)(b+27)[=0]

or

(2r=3)(3r+4)[=0]

or

(d-6)(4d +27)[=0]

a=12,b=24 Al | WWW. Condone extra ‘solution’ @ =—13.5,b =27 only.
5
Question Answer Marks Guidance
) Common difference d = 6 BIFT

SOL FT their %

20 M1 | Using correct sum formula with their a, their calculated d and 20.
Sao :7(2X12 +19%6)

1380 Al

260. 9709 _s21_ms_13 Q: 7

Question Answer Marks Guidance

(a) (a—x)ﬁzaﬁ—éaix+1504x2—20a3x3+... B2,1,0 | Allow extra terms.
Terms may be listed. Allow a®x®.

2
®) [l +§)( 15atx? -20a°%% + ) leading to [xz](l.ia" 74002) M1 | Attempting to find 2 terms in x*
15a* —40a” =20 leading to 15a* — 40a” +20[=0] Al | Terms on one side of the equation
(54> -10) (34 -2) [=0] M1 | OE.

M1 for attempted factorisation or solving for a*
or u (=a*) using e.g. formula or completing the
square

amtdZ. + 2 B1 B1 | OE exact form only
3 If BOBO scored then SC B1 for \/5, \/g WWW

or £1.41,+0,816 WWW
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261. 9709 _s21_ms_13 Q: 9

APPENDIX A. ANSWERS

3x{(a+4d)}={(2(a+1)+11(d +1))}

Question Answer Marks Guidance
(a) 24 a M1 | Form an equation using a numerical form of the
=" x__
100 1—r percentage and correct formula for u, and S,
1007 —1007 +24[=0] Al | OE. All 3 terms on one side of an equation.
23 Al | Dependent on factors or formula seen from their
(207 —8)(5r—3)[=0]— r=33 quadratic.
3
Question Answer Marks Guidance
(b) *M1 | SOI Attempt to cross multiply with contents of

at least one { } correct

Simplifies to a+d =13

Al

E]x 3{(2a+4d)} = E]x 2{(4(a+1)+4(d+1))}

*M1 | SOI Attempt to cross multiply with contents of
at least one { } correct

Simplifies to —a+2d =8

Al

Solve 2 linear equations simultaneously

DM1 | Elimination or substitution expected

d=7, a=6

A1l | SC B1 for a=6, d=7 without complete working

262. 9709 w21 ms_11 Q: 1

[k=]s

Question Answer Marks Guidance
(a) . 1 1 B1 | OE. Multiply or use binomial expansion. Allow
P unsimplified.
1
(b) 1+12x+60x2 +160x3 B2, 1,0 | Withhold 1 mark for each error; B2, 1, 0.
ISW if more than 4 terms in the expansion.
2
(c) their (1x12) + their (—1x 60) + their (%x 1 50) M1 | Attempts at least 2 products where each product contains
one term from each expansion.
[12 —60+40 :] -8 Al | Allow —8x.
2
263. 9709 w21 ms 11 Q: 4
Question Answer Marks Guidance
(a) Sa B1 | Use of correct formula for sum to infinity.
1-(£3)
8 *MI1 | Use of correct formula for sum of 8 terms and form
E[Za +7 (4)] equation; allow 1 error.
4a=8a-112 leadingto a= [28] DMI1 | Solve equation to reach a value of a.
a=28 Al | Correct value.
4
(b) their 28+(k—1)(—4) =0 M1 | Use of correct method with their a.
Al
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264. 9709 w21 ms_12 Q: 5
| Question Answer Marks Guidance
(a) [(3" term — 1* term) = (5™ term — 3* term) leading to...] *M1 | OE. From the given terms, obtain 2 expressions relating to
—6/3sinx—2cosx =10cosx + 63 sinx the common difference of the arithmetic progression, attempt
. i to solve them simultaneously and achieve an equation just
[leadmg to —12+/3sinx = lZcosx] involving sin and cosx.
OR
[(1* term + 5™ term) = 2 x 3" term leading to...] 12cos x =—12/3 sin x
Elimination of sinx and cosx to give an expression in tany DM1 sinx
. For use of — =
tany=———
=]
S5n Al | CAO. Must be exact.
[x=]— only
6
3
(b) d = 2cosx or d = 2cos(their x) B1 FT | Or an equivalent expression involving siny and cosx e.g.
—3f3sin(their x) - cos(their x) [: *\E}
FT for their x from (a) only. If not 3 , Imust see
unevaluated form.
M1 . . .
S5 = %(2)((2005(1}18#1:)) +(25 —l)x(theira‘)) Using the correct sum formula with 22—5 .(25-1) and with
[: 12_5(2x(_J§) + 24(_\[5)” a replaced by either 2(cos(their x)) or =+/3 and
d replaced by either 2(cos(their x)) or +43.
3253 A1 | Must be exact.
3
265. 9709 w2l ms_12 Q: 6
| Question Answer Marks Guidance
ar =54 and aorrhezra:243 B1 | SOI
54 *M1 | Forming a 3-term quadratic expression in 7 or a using their

T2 =243(1-r) leading to 2431 —243r +54[=0] [97° -9r+2=0]
-

OR a* -243a+13122[=0]

2nd term and S... Allow % sign errors.

k(3r—2)(3r-1)[=0] OR (a-81)(a—162)[=0]

DM1

Solving rheir 3-term quadratic using factorisation, formula or
completing the square. If factorising, factors must expand to

give their coefficient of 72 .

54 +[their % J =a OR 54+(their8l)=r

DM1

May be implied by final answer.

9 8
Tenth term:E OR 81><[3 OR 54x 2
243 3 3

Al

OE. Must be exact.
Special case: If BIM1DMODMI1 scored then SC Bl can be
awarded for the correct final answer.
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266. 9709 w21 ms 12 Q: 8

APPENDIX A. ANSWERS

| Question Answer Marks Guidance
(a) Terms required for ¥ —5x2* xax +10x2° xa*x* [: _80ax+ 8002xq B1 | Can be seen as part of an expansion or in correct products.
2x (ttheir coefficient of x) + 4x (xtheir coefficient of x*) *M1
2 coefficient is 320a” — 160a = —15 DM1 | Forming a 3-term quadratic in @, with all terms on the same
= 644 —32a+3 = (8a—3)(8a—1) side or correctly setting up prior to completing the square and
solving using factorisation, formula or completing the square.
If factorising, factors must expand to give their coefficient of
a.
_1 _3 Al | OE.
a= g ora= 3 Special case: If DMO for solving quadratic, SC B1 can be
awarded for correct final answers.
4
| Question Answer Marks Guidance
(b) 32042 — 160a=k = 320a* —=160a— k[=0] M1 | Forming a 3-term quadratic in @ with all terms on the same
side. Allow =+ sign errors.
Their b* — 4ac [= 0], [160% — 4x320x(=k) = 0] M1 | Any use of discriminant on a 3-term quadratic.
k=-20 Al
B1
a= L Condone a = L from £ = 20.
4 4
Alternative method for question 8(b)
M1 | Allow + sign errors.
3200% — 160a = k and divide by 320 | a® %= et
2 320
1V 1k M1 1y
Attempt to complete the square [ - —} -——=— Must have [a 7—J
4 16 320 4
1 Al
a= =
4
k=-20 B1
| Question Answer ‘ Marks | Guidance
(b) cont’d | Alternative method for question 8(b)
320a” - 160a = k and attempt to differentiate LHS [640a—160)| M1 | Allow =+ sign errors.
Setting their (640a—160) =0 and attempt to solve. M1
1 Al
a= -
4
k=-20 B1
4
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891

Question Answer Marks Guidance
(a) 1+ 6ax +15a°x° B1 | Terms must be evaluated.
1
(b) their 15a” +(3x their 6a) *MI1 | Expect 154” —18a.
154" -18a=-3 Al

(3)(a-1)(5a-1)[=0]

DMI1 | Dependent on 3-term quadratic.
Or solve using formula or completing the square.

Al | WWW. If DMO awarded SC B1 if both answers correct.

268. 9709 w21 ms 13 Q: 4

Question Answer

Marks Guidance

(a) 84-3(n-1)=0

M1 | OE, SOIL Allow either =0 or <0 (to -3).

Smallest n is 30

A1l | SC B2 for answer only n = 30 WWW.

2

® (z—fj[168+(2k—1)(—3)] = (g)[168+(k*1)(*3)]

M1 A1 | M1 for forming an equation using correct formula.
Al for at least one side correct.

k=19 Al
3
269. 9709 m20 ms 12 Q: 6
Answer Mark Partial Marks
(@) 2 B1 | sol
3 _4a Can include correct x's
scz[2(x)] | —
7] 5
) e 1 B1 | SOI
10x8xa”| — |= 720{;J Can include correct x's
x
a=1%3 B1
3
(b) 7T Bl | SOI
504 [2(1)] theira Their a can be just one of their values (e.g. just 3).
( x* ) Can gain mark from within an expansion but must use their value
ofa
810 identified B1 | Allow with x7
2
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270. 9709 m20 ms 12 Q: 8

Answer Mark Partial Marks
@ |2% B1
1
(b) Bonus = 600 + 23x 100 = 2900 B1
Salary = 30000x1.03% M1 | Allow 30000x1.03* (60984)
=59207.60 A1 | Allow answers of 3significant figure accuracy or better
their 2900 M1 | SOI
their 59200
4.9(0)% Al
5

271. 9709 _s20_ms_11 Q: 1

B1
117= 2(2(1 +8d)
2
Either 91 =S, with ‘a’ asa +4d or 117+ 91 =83 Mi1M1
(M1 for overall approach. M1 for S,,)
Simultaneous Equations — a=7,d=1.5 Al
4

272.9709_s20 ms_11 Q: 2

> & B1B1
CHRCH
X x

3
Coefficient in (kx+ l) =10 x &
x

(B1 for 10. B1 for &%)

o 2y B2,1,0
Coefficient in (1 ——) =8x-2
x
10k —16=74— k=3 B1
5
273.9709 520 ms_ 11 Q: 3
(a) | $36000x (1.05)" B1M1
(B1 for = 1.05. M1 method for rth term)
$53 200 after 8 years. Al
3
(b) (1_051“ _1) M1
S10= 36000————
(105-1)
$453 000 Al
2




274. 9709 _s20 ms_12 Q: 1

893

(a) 2\6 Bl
(2 +3x)(x—;)
6 -2V
Term in % in (x—i) = 15x‘x(—)
* x
Coefficient = 60 B1
2
(b) 27 B2,1
Constant term in (xf%)az 20x* x(_ZJ (~160)
X
Coefficient of ¥* in (2+3x)(x~2)° =120 - 480 = ~360 BIFT
3
275. 9709 s20 ms 12 Q: 4
1st term is —6, 2nd term is —4.5 M1
(M1 for using ith terms to find both a and d)
—a=-6,d=15 Al Al
S,=84 — 3n*—27n-336=0 M1
Solutionn =16 Al
5
276. 9709 _s20 ms 13 Q: 4
(@) 1+5a+10a> +10a° + ... B1
1
) 14+5(x+2%)+10(x+x*) +10(x+*) +.. SOI M1
L+5(x+x7)+10(x? + 26 +..) +10(x* +..) + .. SO Al
14+ 5x+15x2 +302% + ... Al
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277. 9709 _s20_ms_13 Q: 8

@ | r=cos’@ soOI M1
sin’g M1

= " 1—cos’0
1 Al
3
®1 | 4 =sin’gcos’d —sin’g M1
si.nzﬂ(coszé’—l) M1
—sin‘g Al
3
O Use of Si4 :%[2{1 +15d| M1
With both a:%andd:—% Al
S, =55+ Al

2

3

278. 9709 w20 _ms_11 Q: 5

Answer Mark Partial Marks
(a) 5C2x[2(x2)]4x|:i:|2 6c3x[2(x2 )T X[L]S B1B1 | SOI Can be seen in an expansion
()] " (x)
15%2* xa® =20x 23 x &’ M1 | SOI Terms must be from a correct series
15x2* 3 Al | OE
2?2
4
(b) 0 B1
1




279. 9709 w20 ms_11 Q: 8

895

Answer Mark Partial Marks
a B1
@ s=-2 . 25 =12 SOI at least one correct
-r 1-R
M1
2a __a SOI
1-r 1-R
2-2R=1-r = r=2R-1 Al | AG
3
® | @?=ar > (a)(2R-1)" =R(a) M
4R* -5R+1(=0)—=(4R-1)(R-1) (=0) DML | Allow use of formula or completing square.
1 Al . "y
R= n Allow R =1 in addition
§= Zi Al
3
Alternative method for question 8(b)
ar’ =aR — (a)r* =% (r+1)(a) *ML1 | Eliminating 1 variable
22 o1 (=0) = (2r +1)(r-1) (=0) DMI1 | Allow use of formula or completing square. Must solve a
quadratic.
1 Al . L
r= -3 Allow 7 =1 in addition
Al
52
3
4
280. 9709 w20 ms_12 Q: 1
Answer Mark Partial Marks

Coefficient of x* in (1 —21)5 is —80

B1

Coefficient of * in (1 —21)5 is 40

Bl

Can be seen in an expansion but must be simplified
correctly.

Coefficient of x* in (1+kx)(1 —Zx)j is 40k —80 =20

M1

Uses the relevant two terms to form an equation = 20 and
solves to find k. Condone x* appearing in some terms if
recovered.

52
&=)3

Al
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281. 9709 w20 ms_12 Q: 2

APPENDIX A. ANSWERS

Answer Mark Partial Marks
-~ 2p  p+2 M1 | OE. Using “a, b, ¢ then »* = ac” or a =2p+6 , ar =—2p and
=@ +6x@+2or 20+6 = 2p ar? = p + 2 to form a correct relationship in terms of p only
(2p*-10p-12=0)p=6 Al
a=18andr=-% Al
(8= ) = their a ~ (1— theirr) M1 | Correct formula used with their values for a and r, |r| <1
[:13+§] Both a & r from the same value of p.
3
(5-=)10.8 Al | OE. A0 if an extra solution given
SC B2 for 5. = %ar ip’% ignore any
2p+6 -2p
subsequent algebraic simplification.
5
282. 9709 w20 ms_12 Q: 4
Answer Mark Partial Marks
SI and S“l M1 | Using two values of » in the given formula
a=5,d=2 Al Al
a+n—1)d>200—5+2(k—1)>200 M1 | Correct formula used with their @ and  to form an equation
or inequality with 200, condone use of
(k=)99 Al | Condone > 99
Alternative method for question 4
E( da+(-1)d) = A — [g -1, a—ld i 4J M1 | Equating two correct expressions of S, and equating
2 2 2 coefficients of n and n*
d=2,a=35 Al Al
+(n—-1)d>200—5+2(k—1)>200 M1 | Correct formula used with their @ and  to form an equation
or inequality with 200, condone use of
(k=)99 Al | Condone > 99
Alternative method for question 4
sm, —sum,_, —k* + 4k — (k-1 - 4(k 1) M1 A1 | Using given formula with consecutive expressions
subtracted. Allow k+1 and £.
2k +3>200 or =200 M1 A1 | Simplifying to a linear equation or inequality
k=)99 Al | Condone > 99
5
283. 9709 w20 ms_13 Q: 5
Answer Mark Partial Marks

[7C1a%(x) . 7020 ()], [7C4aB* (+*)]

B2,1, 0 | SOI, can be seen in an expansion.

7C28°D* (x*)  7C4a’b* (x*)

21a°p* _ 35a°b*

CUb(x) 72407 ()

74 21a’h’

M1 Al | M1 for a correct relationship OE (Ft from their 3 terms).
For Al binomial coefficients must be correct & evaluated.

S
o

Al | OE
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Answer Mark Partial Marks
(@) 4 tan’é 1 B1 | Allow sign error(s). Award only at form (d =)... stage
(@=)- cos’@  cosi@
sin’@ 1 —sec20 M1 | Allow sign error(s). Can imply B1
- - or
cos'@  cos’@ cos’@
1 M1
—sin’6 - cos’8 cos2f
or
cos'd cos’
1 Al | AG, WWW
cos*d
4
4 16 B1 1 1
©) a=—,d=-— SOIL, both required. Allowa=— ,d= —
3 9 3 9
4 16
1 12 4 -16 M1 | Use of correct formula with their a and their d. The first 2 steps
"3 T 00 sl §+12 o could be reversed
-20 Al | WWW
3
285. 9709 _m19 ms_12 Q: 1
Answer Mark Partial Marks
503 [(7)&“)3} soi B1 | Can be part of expansion. Condone omission of — sign
(_1)10p3 =-2160 then + and cube root M1 | Condone omission of — sign.
p=6 Al
3
286. 9709 ml19 ms_ 12 Q: 6
Answer Mark Partial Marks
@ p(2-1) M1
S, =——— soi
2-1
p(2 71)>1000p - 2" >1001 AG Al
2
(ii) P+("—1)P:335 B1 | Expect np =336
B1
g[2p+(nfl)p]:7224 Expect g(p+np):7224
Eliminate 7 or p to an equation in one variable M1 | Expecte.g. 168(1 +n) = 7224 or 1 + 336/p =43 etc
n=42,p=8 AlAl
5
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287. 9709 _s19 ms 11 Q: 1

APPENDIX A. ANSWERS

Answer Mark Partial Marks
) s (& 3 B2,1,0 | Term must be isolated
Ind term = (2:) x(;} % 6Cs
=540 = k=1% B1
3
(ii) 4 (k 2 B1 | All correct —even if k incorrect.
Term, in x? is (Zx) x[;) % 6Ca
15 = 16 x k* = 540 (or 540 x7) B1 | FT For 240# or 240 K*x”
2
288.9709 s19 ms 11 Q:8
Answer Mark Partial Marks
(a) ar*=48,ar* =32, 1=%ora=108 M1 | Solution of the 2 eqns to give » (or a). Al (both)
r=7%anda=108 Al
Swo= &18 —324 Al | FT Needs correct formula and » between —1 and 1.
3
3
(b) Scheme A ¢ =2.50,d=10.16 M1 | Correct use of either AP S, formula.
S. = 12(5 +23x0.16)
Sa = 104 tonnes. Al
Scheme B a=2.50, »=1.06 B1 | Correct value of r used in GP.
~ 2.5(1.0624 71) M1 | Correct use of either S, formula.
1.06-1
S = 127 tonmes. Al
5
289.9709_s19 ms_ 12 Q: 1
Answer Mark Partial Marks

s 2
For [z—3x] term in x is 10 or 5Csor 5C2 x (EJ % (—3x)* or
x X

5 3 2
2y 5430 3 54 2
2] =22 2 or (—31)5— —
x) 3 2 2! 3x

B2,1 | 3 elements required. —1 for each error with or
without x’s. Can be seen in an expansion.

—1080 identified

B1 | Allow —1080x
Allow if expansion stops at this term.
Allow from expanding brackets.
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899

Answer Mark Partial Marks
(a)(@) S10 =815 —S10 0 S10=S(11 1015 M1 | Either statement seen or implied.
5(2a + 9d) oe Bl
5 Al
7.5Q2a + 14d) — 5(2a + 9d) or 5[ (a + 10d) + (a+14d)] oe
Al | Correct answer from convincing workin,
=% ac g I
3
4 . . a .
Condone starting with d = 3 and evaluating both
summations as 25a.
(a)(ii) (a+9d)=36+(a+3d) M1 | Correct use of a+ (n—1)d twice and addition of
+36
a=18 Al
2 | Correct answer Www scores 2/2
(b) a(lfr") B1 | May have 12 in place of a.
- a
Sn=9 x84, — =9———= o1 %a + ar+ ar’+ar’)
1-r 1-r
9(1-7)=1wheren=340r5 M1 | Correctly deals with @ and correctly eliminates
Q-
Al
=— oe
(5™ term =) 10% or 10.7 Al
4 | Final answer of 10.6 suggests premature
approximation — award 3/4 www.

291. 9709 _s19_ms_13 Q: 2

Answer Mark Partial Marks
® -5 5 1 405 5 1 s B1B1B1 | Bl for each correct term
—+——5 - (or 5x +§x 753: ) 5 4l
¥ 8 3k SCB1 for both > &—
X 32x
3
(ii) 1x 20+ 4x their(—5) =0 MI1A1 | Must be from exactly 2 terms

SCBI for 20+20=40
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292. 9709 _s19 ms_13 Q: 5

Answer Mark Partial Marks
i B1 | Allow — or +0.02. All d
® ;[2+(x—l)(—/+0.02)] or 1.01x—0.01x" or 0.99x+0.01x" oe ower o s
1
(if) Equate to 13 then either simplify to a 3-term quadratic equation or M1 | Expect n’ —101n + 1300 (=0) or 0.99x +0.01x> =13. Allow x used
find at least 1 solution (need not be correct) to an unsimplified
quadratic
16 A1l | Ignore 85.8 or 86
2
(iii) ) M1
Use of ar(l—r witha=1, =092, n=20 soi
=101 Al
M1 _ ")
Use of (S, =)~ witha=1,r=092 or W=7 10 0 004 ce
1-r 1-0.92
S, =12.5 so never reaches target or < 13 Al | Conclusion required — 'Shown' is insufficient
No solution so never reaches target or < 13
4

293. 9709 w19 ms_11 Q: 1

Answer Mark Partial Marks
B1 | SOI
6C2x(2x) x— 2 S o .
(4x%)? SC: Condone errors in (47')" evaluation or interpretation for
B1 only
15% 2" x il B1 | Identified as required term.
4
15 B1
3
294. 9709 w19 ms 11 Q: 4
Answer Mark Partial Marks
(1) Identifies common ratio as 1.1 B1
Use of x(1.1Y"° =20 M1 | sol
o 20 | Al | Accept 2.97
(Ly*
3
(i1) [ L™ 71] M1 | Correct formula used for M mark.
their3.0x = 192 Al | Allow 2.97 used from (i)
1.1-1 Accept 190 fromx=2.97...
2
295. 9709 w19 ms 12 Q: 1
Answer Mark Partial Marks
6x e B1 B1 | OE In or from a correct expansion. Can be implied by correct
P 15 x Y equation.
x(@4+ax) > 3a+15=3 M1 | 2 terms in ° equated to 3 or 3x”. Condone x* on one side only.
a=—4 Al | CAO
4
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296. 9709 w19 ms_12 Q: 8

Answer Mark Partial Marks
(a)(i) | 2lstterm= 13 +20 = 1.2 = 37 (km) B1
1
(a)(ii) | Su=%x21 % (26 +20 % 1.2) or ¥» = 21 x (13 + their 37) M1 | A correct sum formula used with correct values for a, d and ».
525 (km) Al
2
b)(D) x-3 x-—5 M1 | Any valid method to obtfain an equation in one variable.
——=="— oe(oruse of a, ar and ar’)
X x-3
(@a=orx=)9 Al
2
(b)(ii) _ _ _ M1 | Any valid method to find » and the fourth term with their a & r.
= [L]J (L"—’J X3 _3 Fourth term = 9  (34)°
x _
2% or 2.67 Al | OF, AWRT
2
(b)(iii) o= 0 _ 9 M1 | Correct formula and using their *»* and ‘a’, with |r|<1, to
1-r 1-% obtain a numerical answer.
27 o1 27.0 Al | AWRT
2
297. 9709 w19 ms 13 Q: 1
Answer Mark Partial Marks
6] 1+ 6y + 157 B1 | CAO
1
@ 1+6(px721'2)+15(px72x2)2 ML | 501 Allow 6C1x1°(px—2¢7), 6C2x14(px—21'2)2
(lsz 712)&,2) _ 48(1’2) A1 | 1 term from each bracket and equate to 48
p=2 Al | SC: Al p=4from 15p - 12=48
3
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208. 9709 w19 ms_13 Q: 9

APPENDIX A. ANSWERS

Answer Mark Partial Marks
i - - M1 | OR lid relationshi]
® Sk_ﬁzﬂ = (5k—6)2:3k(6k—4) any valid relationship
3k 5k—6
25k — 60k +36=18k> —12k — 7Tk* —48k+36 Al | AG
2
i1 B1B1
N P g Allow 0.857(1) for ©
7 7
6 2 B1 | Must be exact
Whenk=—,r= —
7 3
4 B1
Whenk=6,r= —
3
4
M1 | Provided 0 < |their -2/3| <1
(i) Useof S = with r:rheirfg and a:3xrheirg ovee \thetr !
18 2\ 54 A1 | FT if 0.857(1) has been used in part (ii).
— 1+—):— or 1.54
7 3 35
2
299. 9709 ml18 ms_12 Q: 2
Answer Mark Partial Marks
(1) c, ( L/ 72x)2 or'C, (72x)3 M1 | SOL Allow for either term correct. Allow + or — inside first bracket.
84(x%). —280(x’) AlAl
3
() 2 x(their —280) + 5x (their 84) only M1
—140 Al
2
300. 9709 _m18 ms_12 Q: 3
Answer Mark Partial Marks
(1) 40+60x1.2 = 112 M1A1 | Allow 1.12 m. Allow M1 for 40 + 59 x 1.2 OE
2
Answer Mark Partial Marks
(ii) Find rate of growth e.g. 41.2/40 or 1.2/40 *M1 | SOIL, Also implied by 3%, 0.03 or 1.03 seen
405 (1+ their0.03)°> bM1
236 Al | Allow 2.36 m
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301. 9709 _s18 ms_11 Q: 1
Answer Mark Partial Marks
[6))] (1_ Zx)j =1-10x + 405 (no penalty for extra terms) B2.,1 | Loses a mark for each incorrect term.
Treat —32x° +80x* — 80x° as MR -1
2
(i) — (1+ax +2x2)(1 ~10x +40x%)
3terms inx* — 40— 10a +2 M1 AIFT | Selects 3 terms in x*. FT from (i)
Equate with 12 — a=3 Al | CAO
3
302. 9709_s18_ms_11 Q: 8
Answer Mark Partial Marks
(a) ar=12 and a 54 B1 B1 | CAO, OE CAO, OE
1-r
Eliminates gorr — 92—97+2=0 or a>—54a+648=0 M1 | Elimination leading to a 3-term quadratic in @ or r
- r= % or % hencetoa — a=180r36 AL | Needs both values.
4
(b) pth term of a progression is p + gn
(b)(i) first term = p + g. Difference = ¢ or last term =p + gn B1 | Need first term and, last term or common difference
_n n MI1A1 | Use of §, formula with their a and d.
5= 2(2(p+a)+(n-1)q) er Z(2p+q+nq) ok unsimplified for AL
3
() | Hence 2(2p+g+4g)=40 and 3(2p+g+6q)=72 DM1 | Uses their S, formula from (i)
Solution — p=5andg=2 Al | Note: answers 7, 2 instead of 5, 2 gets M1AO — must
[Could use S, withaandd — a=7,d=2 — p=5,g=2] attempt to solve for M1
2
303.9709_s18_ms_12 Q: 1
Answer Mark Partial Marks
it B2,1,0 | 3 things wanted —1 each incorrect component, must be multiplied
Coefficient of x* in [2 + 7] is 6Cx2%x (%) (%) (= 60) 6
2 together. Allow 4C. [4) and factorial equivalents. Marks can be
awarded for correct term in an expansion.
Coefficient of ¥ in ( a+ x)i is 5Coxa® (V) (= 10a°) B1 | Marks can be awarded for correct term in an expansion.
— 60 + 10a* =330 M1 | Forms an equation ‘their 60° + ‘their 10a®” = 330, OK with x” in all
three terms initially. This can be recovered by a correct answer.
a=3 Al | Condone £3 as long as +3 is selected.
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304. 9709_s18_ms_12 Q: 3

Answer Mark Partial Marks
(1) 102 . i B1 | Can be awarded here for use in S, formula.
r=1.02 or — used in a GP in some way.
100
Amount in 12th week = 8000 (their 1) M1 . . 8000
3000 Use of a7~ with a=8000 & n =12 or witha= —— and n=13.
or (their a from ——— ) ( their r)" 102
theirr.
=9950 (kg) awrt Al | Note: Final answer of either 9943 or 9940 implies M1.
Full marks can be awarded for a correct answer from a list of terms.
3
Answer Mark Partial Marks
(i) 8000((theirr)lz B 1) M1 | Use of S, with a=8000 and » = 12 or addition of 12 terms.
In 12 weeks, total is ———————
((theirr)-1)
=107000 (kg) awrt Al | Correct answer but no working 2/2
2
305. 9709 _s18 ms 13 Q: 2
Answer | Mark | Partial Marks
2y B2,1,0 | —80 www scores B3. Accept 5C,.
sC; x* [—] soI
x
-80 B1 | +80 without clear working scores SCB1
—80 Accept —
x
3
306. 9709 _s18_ms_13 Q: 3
Answer Mark Partial Marks
a(l—r") MI1M1 | Correct formulae used with/without » = 0.99 or n = 100.
a
{ T Hﬁ]
DM1 ) . S .
Allow numerical  (M1M1). 3rd M1 is for division S—" (or ratio)
SoI
63(0) Al | Could be shown multiplied by 100(%). Dep. on DM1
1-0.99'* SOI OR SOI
100(a)
63(%) Allow 63.4 or 0.63 but not 2 infringements (e.g. 0.634, 0.63%) A1 | n =99 used scores Max M3. Condone a = 0.99 throughout
S, =S, (without division shown) scores2/5
5
307. 9709 _wi8 ms 11 Q: 4
Answer Mark Partial Marks
i MIiAL | C t £ la (M1).C ta,dandn (Al).
® SSO:%[12+79><(4)] or B—ZO[SH],I:—SIO orrect formula (M1). Cotrect a, d and 1 (A1)
-12160 Al
3
(ii) 5 6 _ 9 MIAL | Correct formula with || <1 for M1
- 1
3
2




308. 9709 w18 ms 12 Q: 1
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Answer Mark Partial Marks
. 4 a4 B1 | Components of coefficient added together 0/4
For a correctly selected term in pek (Bx) or3 Bl expect 81
B1 | Bl expect 8/27
x (%J or (213)° P
3x
x 7C50r ;Cy B1 | Bl expect 35
840 B1 | All of the first three marks can be scored if the correct term is

— 840 0r = seen in an expansion and it is selected but then wrongly
simplified.
SC: A completely correct unsimplified term seen in an
expansion but not correctly selected can be awarded B2.

4
309. 9709 _wil8 ms_12 Q: 5
Answer Mark Partial Marks
i F the AP: x—4=y— B1 . 4
@ romfhe X o Or equivalent statement e.g. ¥ =2x —4 or x = % .
18 B1 2

From the GP: % = ; Or equivalent statement e.g. y* = 18x or x= :—8 .

Simultaneous equations: »*—9y—36=0 or 2x*—17x+8=0 M1 | Elimination of either x or y to give a three term quadratic
=0

OR

B1
4+d =x, 4+2d=y — 4+2d =r oe
4+d
2 M1 | Uses ar” = 18 to give a three term quadratic (= 0)
(ard)[ 2V g 2 d 280
4+d
d=1 Bl -7

Condone inclusion of d = 5 oe
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Answer Mark Partial Marks
1 OR
B1
From the GP 2 = 18
x ¥
2 2 2 B1
sx=L sara=L =L _4
18 18 18
32 M1
442 ——-4|=y — 12-9y-36=0
18
x=8,y=12. Al 1 . .
Needs both x and y. Condone E,—S included in final
answer.
Fully correct answer www 4/4.
4
ii AP 4th t =16 B1 —
(@) e Condone inclusion of % oe
127 M1 | A valid method using their x and y from (i).
GP 4th term = 8 x (?]
=27 Al | Condone inclusion of —108
Note: Answers from fortuitous x = 8, y =12 in (i) can only
score M1.
Unidentified correct answer(s) with no working seen after
valid x =8, y = 12 to be credited with appropriate marks.
3
310. 9709 wi8 ms 13 Q: 1
Answer Mark Partial Marks
705 X2(=2/ %) soi B1 | Can appear in an expansion. Allow 7C2
21x-32 soi Bl | Identified. Allow (21x%) x (=32 x™). Implied by correct answer
—672 B1
Allow 4372 . If 0/3 scored, 672 scores SCBI1
X
3
311.9709 wi8 ms 13 Q: 5
Answer Mark Partial Marks
a+(n—-1)3=94 Bl
n n B1
5[29‘ +(n-1)3]=1420 OR E[a +94]=1420
Attempt elimination of a or n M1
3p% —191n + 2840 (=0) OR a® —3a—598 (=0) Al | 3-term quadratic (not necessarily all on the same side)
n =40 (only) Al
a =-23 (only) Al | Award 5/6 if a 2nd pair of solutions (71/3, 26) is given in
addition or if given as the only answer.
6
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312. 9709 _ml17 ms 12 Q:2

Answer Mark Partial Marks
1y 2 B1 | Seen or implied. Can be part of an expansion.
5C2 {—) (2ax?) soi
1 N . MI1A1 | M1 for identifying relevant term and equating to 5, all correct. Ignore
10x—x4a” =5 sol extra.x
a
a=8 cao Al
Total: 4
313.9709_s17_ms_11 Q: 1
Answer | Mark Partial Marks
(¢-20°
Coeffof ¥ =3 x (2R x 4Gy =a B3,2,1 | Mark unsimplified forms. —1 each independent error but powers
Coeffof x* =3* % (2) x sC3=D must be correct. Ignore any ‘x’ present.
a 9 B1 | OE. Negative sign must appear before or in the numerator
b8
Total: 4
314. 9709 _s17_ms_11 Q: 4
Answer | Mark Partial Marks
(a) a=32,a+4d=22, —d=-25 B1
a+(n-1)d=-28 —n=25 B1
25 M1 A1 | M1 for correct formula with n =24 or n =25
Sps= 7(64—2.5 x24) =50
Total: 4
) a=12000, r=1.025 Bl | ¥ =1+2.5% ok ifused correctly in S, formula

0 M1 A1l | M1 for correct formula with #» =9 or » = 10 and their ¢ and r
1.025

1
S10=2000( ) =22400 or a value which rounds to this
1.025-1

SR: correct answer only for n = 10 B3, for # =9, B1 (£19 900)

Total: 3

315.9709_s17_ms_12 Q: 1

Answer I Mark Partial Marks

(i) Coefficient of x = 80(x) B2 | Correct value must be selected for both marks.
SR +80 seen in an expansion gets B1 or —80 gets B1 if selected.

Total: 2

(ii) B2 | Correct value soi in (ii), if powers unsimplified only allow if selected. SR

. 1 1
Coefficient of T =—40 (;) +40 soi in (ii) gets B1.

Coefficient of x = (1 x their 80) + (3 =their — 40) = —40(x) M1 A1 | Links the appropriate 2 terms only for M1.

Total: 4
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316. 9709 _s17_ms_12 Q: 7

APPENDIX A.

ANSWERS

Answer | Mark Partial Marks
(a) (5,5 2[32+(n—1)8] and 20000 M1 | M1 correct formula used with d from 16+d =24
A1l | A1 for correct expression linked to 20000.
— n2+3n—5000 (<=>0) DM1 | Simplification to a three term quadratic.
— (n1=69.2) — 70 terms needed. Al | Condone use of 20001 throughout.
Correct answer from trial and improvement gets 4/4.
Total: 4
Answer | Mark Partial Marks
(b) a MI1A1 | Correct Seo formula used to find 7.
a=6, —=18 —=r=%
17
. 4 M1 | Obtain new values for @ and » by any valid method.
New progression a =36, ¥ = 3 oe
36 324 A1 | (Be aware that 7 =—% leads to 64.8 but can only score M marks)
New So= —— — 64.80r — oe
4 5
1, —
9
Total: 4
317.9709_s17_ms_13 Q: 1
| Answer Mark Partial Marks
201 %25 % a(x),7C2 %23 x[a(r)]z B1 B1 | SOI Can be part of expansion. Condone ax” only if followed by a*.
ALT 27[1+ax/2] - 7C1[a(x)/2]= 'fcz[a(x)n]2
7x25 2 B1 | Ignore extra soln a = 0. Allow # = 0.667. Do not allow an extra x in the
T2x2 3 answer
Total: 3
318. 9709 s17 ms_ 13 Q: 2
| Answer Mark Partial Marks
(0] S_r2—3r+2 M1
1-r
“N{(r=2) —(1- _2 Al | AG Factors must be shown. Expressions requiring minus sign taken out must
o= _—(-n)e-2)_, Ao > quiring minus sign
1-r 1-r € shown
1-r)(2-
A=nC-r)_, , of
1-r
Total: 2
(ii) Single range 1<S <3 or (1, 3) B2 | Accept 1<2-r<3.
Correct range but with § =2 omitted scores SR B1
1< 5§ <3 scores SR B1.
[S>1 and § < 3] scores SR B1.
Total: 2




319. 9709 w17 _ms_11 Q: 3
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Answer Mark Partial Marks
(1) 3a _ a M1 | Attempt to equate 2 sums to infinity. At least one correct
1-r 1+2r
3+6r=1-r DM1 | Elimination of 1 variable (a) at any stage and multiplication
2 Al
F=—
7
3
(i1) yzn[2,<15+(7,,1)4]: 1/2,,[2x420+(,,71)(75)] MIAL1 | Attempt to equate 2 sum to 1 terms, at least one correct (M1). Both correct
(A1)
n=91 Al
3
320. 9709 w17 _ms_12 Q: 1
Answer Mark Partial Marks
EITHER: (B1, B1,B1) | OE
Termis °C, x 2% x (=%)°
ORI:
9
| 1Y 5 e 1Y N
[ e J :(E] (Sx 71) orf(ﬁj (178:: )
1, B1,B1) | OE
Term is 7%x °c,x8° ® )
4
OR2:
1 9
) [1-—
(15
e (B1,B1,B1) | OE
Termis 2° x 9C3 x[—gj
Selected term, which must be independent of x =— 84 B1
4
321. 9709 w17 ms_ 12 Q: 3
Answer Mark Partial Marks
(a) Uses r= (1.05 or 105%)°% 0= 1! B1 | Used to multiply repeatedly or in any GP formula.
New value = 10000 = 1.05'° = ($)16 300 B1
2
Answer Mark Partial Marks
(b) EITHER: (B1 | Usesn=1to finda
n=1—35 a=35
n=2—13 B1 | Correct S, for any other value of 2 (e.g. n =2)
at(@+tdy=13 —d=3 M1 A1) | Correct method leading to d =
OR: n .
u n — | maybe be ignored
Zl2a+(n-1)d)=| 2 |3n+7) 2
2 2
i 2a—d=3n+T—dn=3n —d=3 (*M1A1 | Method mark awarded for equating terms in » from correct S,
formula.
2a—(their3)=1, a=5 DM1 A1)
4
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322. 9709 w17 _ms 13 Q: 1

APPENDIX A. ANSWERS

Answer

Mark

Partial Marks

Y[ -24+(n—-1)6] ~3000
Note: ~ denotes any inequality or equality

M1 | Use correct formula with RHS = 3000 (e.g. 3010).

(3)(n* —5n-1000) (~0)

Al | Rearrange into a 3-term quadratic.

n~34.2 (&—29.2) Al
35. Allow n=35 Al
4
323.9709_wl7_ms_13 Q: 3
Answer Mark Partial Marks
@) 2 5 M1 | Both x's can be missing.
6C3 (7J (—3x)" SOI also allowed if seen in an expansion
X
—4320 Identified as answer Al | Cannot be earned retrospectively in (ii).
2
(ii) M1 | Both x’s and minus sign can be missing.

4
GCZ(E] [(—)Sx]z SOI clearly identified as critical term
X

15a %16 x 9—their4320(=0)

A1FT | FT on their 4320.

a=2 Al
3
324. 9709 _ml6_ms 12 Q:1
Answer Mark Partial Marks
(i) 80(x*), —32(x%) B1B1 Fully simplified
121
(ii) (-32+80 p)(xs) =0 M1 Attempt to mult. relevant terms & put =0
p=2/5 or32/80 oe NG
2]
325. 9709 ml6_ms 12 Q:3
Answer Mark Partial Marks
a+1ld=17 B1
%(Za +30d)=1023 Bl
Solve simultaneous equations M1
d=4, a=-27 Al At least one correct
31st term =93 Al
[51
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911

Answer Mark Partial Marks
3\
X
2x
Term is °Cs x x° x (;—3} B1 B1 B1 for Bin coeff. B1 for rest.
x

— —067.5 oe B1

[3]
327.9709_s16_ms 11 Q: 9
Answer Mark Partial Marks
(a) a=50,ar*=32 B1 seen or implied
4 4 .
— r= — (allow — — for M mark) M1 Finding » and use of correct S,
5 5 formula

— 8, =250 Al Only if [r| <1

[3]
(b) () | 2sinx, 3cosx, (sinx + 2cosx).

3¢-2s=(s+2¢)-3c M1 Links terms up with AP, needs one

(oruses a,a+d, a+2d) expression for d.

—4c=3s > t=— M1 Al Arrives at t = k. ag

. 3]
SC uses t=§ to show
8 9 10
=—,u, =—,u; =— , Bl onl
U 5 L) 5 Uy 3 y
- 3 4
(ii) | —c= 3 5= 5 or calculator x = 53.1° M1

—a=16,d=0.2 M1 Correct method for both a and d.

— 82 =70 Al (Uses S, formula)
[3]
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328.9709_s16_ms_12 Q: 4

APPENDIX A. ANSWERS

Answer Mark Partial Marks
6
2
o |2
X
Term is 6Cs x (-2)° = (—=)160 B1 +160 seen anywhere
—-160 B1
[2]
6
3 2
o |22
x X
Term in x* = (Cy(—2)* ¥ B1 +60 seen anywhere
=60 (x*) Bl
Term independent of x:
=2 x (their—160) + 3 x (their 60) M1 Using 2 products correctly
-140 Al
[4]
329.9709 s16 ms_ 12 Q: 9
Answer Mark Partial Marks
(i) (a) a+(n—1)d =10 +29%2 M1 Use of nth term of an AP with
a=+10, d=+2, n=30 or 29
=68 Al Condone — 68 — 68
[2]
(b) | ¥An(20 +2(n—1))=2000 or 0 M1 Use of S, formula for an AP with
a=+10, d=*2 and equated to either
0 or 2000.
— 2n? + 18n - 4000 =0 oe Al Correct 3 term quadratic = 0.
(n=) 41 Al
[3]
- 11
(ii) r=1.1, 0e B1 e.g. 10’ 110%
10(1.17° -1)
Uses S3p = ——— (= 1645) M1 Use of §, formula for a GP, a=£10,
L1-1 n=30.
Percentage lost = 2000~ 1645 x100 DM1 Fully correct method for % left
with “their 1645”
=17.75 Al allow 17.7 or 17.8.
[4]
330. 9709_s16_ms 13 Q: 1
Answer Mark Partial Marks

1V /. 50
5c2(;J (3x )
10(x1)x3?

90 (x)

B1

B1
B1

Can be seen in expansion

Identified as leading to answer
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331. 9709 s16_ms 13 Q: 4

Answer Mark Partial Marks
3+2d 3+12d 3+12d
r= or or = B1 1 correct equation in » and d only is
3 3+2d 3 sufficient
(3+ 2d)2 =3(3+12d) oe M1 Eliminate r or d using valid method
OR
sub2d =3r-3
(4)d(d-6)=0 DM1 Attempt to simplify and solve
OR quadratic
3 =18r =15 (r-1)(r-5)
d=6 Al Ignore d=0o0rr=1
r=5 Al Do not allow —5 or 5
[5]
332. 9709 w16 ms 11 Q: 2
Answer Mark Partial Marks
1 2
8C6 (Zx)6 [—3] soi B1 May be seen within a number of
2x terms
28 x 64 x 1 oe (powers and factorials evaluated) B2,1,0 May be seen within a number of
4 terms
448 B1 Identified as answer
[4]
333.9709 w16 ms 11 Q: 5
Answer Mark Partial Marks
a (1 —r? )
a(1+r):50 or ——==50 B1
1-r
a (1 - )
ar(1+r)=30 or ———==30+a B1 Or otherwise attempt to solve
1-r for r
Eliminating a or r M1 Any correct method
r=3/5 Al
a=125/4 oe Al )
S=625/8 oe AlY Ft through on their rand a
[6]| (-1<r<D
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334. 9709 w16 ms 12 Q: 4

Answer Mark Partial Marks
. nx
Terminx = — T .
B1 Could be implied by use of a numerical ».
Go2o(+ ™y 7= ' ,
2 2 M1 (Their 2 terms in x) =7
— n=06
-1 2 Al
Term in x? = n(n ) x L ) )
2 2 B1 May be implied by (their #) x (their n-1) + 8.
3n(n-1
Coefficient of x* = L)fz—n . o
8 2 M1 Considers 2 terms in x°.
=2
4 Al aef
[6]
335.9709 w16 _ms 12 Q: 8
Answer Mark Partial Marks
(@ ()| 200+(15-1)(+/-5) M1 Use of nth term with a = 200, # = 14 or 15and
d=+/-5.
=130 Al
(2]
(i) 2[400 +(n—1)(+/-5)] = (3050) M1 Use of S, a=200 and d = +/- 5.
— 5% — 4051+ 6100 (=0) Al
— 20 Al
[3]
b @) |a?,a’ — r=% M1 Al Both terms correct.
63 a (l —1° )
— a=16 M1 Al Use of S, = 31.5 with a numeric r.
S [4]
.. e 16 ~ . . .
(ii) | Sum to infinity = - 32 B1v¥ +" for their @ and » with | r | <1.
/2 [1]
336. 9709 _wl6_ms 13 Q: 2
Answer Mark Partial Marks
(+/-)20x3? (x3 ), 10a° (x3) soi B1B1 Each term can include x°
~540+10a” =100 oe M1 Must have 3 terms and include
a® and 100
a=4 Al
[4]
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337.9709 _wl6_ms 13 Q: 9
Answer Mark Partial Marks
6 12
a = M1
@ 1—r 1+r
1
r=— Al
3
S5=9 Al
[31
(b) 2[2 cosf + 125in26‘} =52 M1+ Use of correct formula for sum of
2 AP
2c0s0+12(1— cos>0) =8 — 6eos’d —cos @ —2(=0) DM1 Use s* =1—¢* & simplify to 3-
term quad
cosf=2/3 or —1/2 soi Al
Accept 0.2687, 21/3. SRAT1 for
6=0.841 , 2.09 Dep on previous Al AlA1 48.2°, 120" Extra solutions in
[5]| range —1
338.9709_s15 ms 11 Q:3
Answer Mark Partial Marks
(1-x)*(1+2x)°.
i (a) (1-x)° =1—6x+15x2 B2,1 —1 each error
(2]
(b) (142x)° =1+ 12x + 60x2 B2,1 —1 each error
[2] | SC Bl only, in each part, for all 3
correct descending powers
SC only one penalty for omission
of the ‘1’ in each expansion
(ii) Product of (a) and (b) with >1 term Ml Must be 2 or more products
— 60-72+15 =3 DMI1A1 | M1 exactly 3 products. cao,

(3]

2
condone 3x




916

339. 9709 s15_ms 11 Q: 7

APPENDIX A. ANSWERS

Answer Mark Partial Marks
1 2
a ar*= — | ar'= —
(a) 3 9
2 L
— r== aef M1 Any valid method, seen or implied.
3 3 Could be answers only.
Substituting — a = 2 Al Botha and r
3
— S = % = 2% aef M1 Al Correct formula with |r| <1, cao
3 [4]
(b) da=a+4d — 3a=4d Bl May be implied in
360=5/2(a+4a)
5
360 =S5 = —(2a+4d) or12.5a Ml Correct S, formula or sum of 5
2 terms
— a=128.8° aef Al cao, may be implied
Largest =a + 4d or 4a = 115.2° aef B1 (may use degrees or radians)
[4]
340. 9709 _s15 ms 12 Q: 3
Answer Mark Partial Marks
@ 2-x°
Coeff of x? is 240 Bl co
Coeffof x* is — 20 x 8 =—160 B2,1 B1 for +160
[3]
(i) Bx+D2-x)°
Product needs exactly 2 terms M1 3 x their 240 + their -160
— 720 - 160 =560 AlY ¥ for candidate’s answers.
(2]
341. 9709 _s15 ms 12 Q: 7
Answer Mark Partial Marks
A4, 6), B(10,2).
(i) M=(7,4) B1 co
mof AB=~-% B1 co
m of perpendicular = &
— y—4 =%(x_7) M1 Al | Use of mm,=—1 & their midpoint
[4] | in the equation of a line. co
(ii) Eqn of line parallel to 4B through (3, 11)
— y-1l=-2(x-3) Ml Needs to use m of AB
DM1A1 | Must be using their correct lines.

Sim eqns — C(9,7)

[3]

Co
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342. 9709 _s15_ms_13 Q: 3

Answer Mark Partial Marks

(i) | @ -Sa'x+10a’x> =10a’x> + ... B2,1,0 | Ok full expansion (ignore extra terms)
[2] | Descending: Ok if full expansion but max
B1 for 4 terms

(i) | 1-ax)(.10a°x* —10a°% ) = (x*)(=10a* =104%) | M1 Attempt to find coeff. of x* from 2 terms
-104* =104 = -200 Al Ft from their 10a’,~10a” from part (i)
a =4 ignore a =-5 M1 Attempt soln. for a* from 3-term quad. in
a2
a=%2 cao Al Ignore any imaginary solutions

[4]

343. 9709 _s15_ms_13 Q: 9

Answer Mark Partial Marks
(a) |2222/17 (=131 or 130.7) M1 Ignore signs. Allow 2239/17—131.7 or 132
131 x 17 (=2227) M1 Ignore signs. Use 131.
—2222 +2227=5 Al 5 www gets 3/3
3]
(b) r=2c080 i oe B1
NE)
(-1 <)M <l or (0 <)M <1 soi M1 Ft on their r. Ignore a 2nd inequality on
V3 V3 LHS
7l6, 57/6 soi (but dep. on M1) AlAl Allow 30°, 150°.
wl6<8<57/6 cao Al Accept <
[5]
344.9709_wl1b_ms_11 Q:1
Answer Mark Partial Marks
(a+x)’ =a’+’Cla*x+’Ca’x* +... soi M1 Ignore subsequent terms
(— 2, (their 5a*) + (their 10a3)J(x2) Ml
a
0 Al AG
(3]
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345. 9709 w15 _ms 11 Q: 8

Answer Mark Partial Marks
() | x* —4x=12 M1 4x — x* =12scores M1A0
x=-2o0r6 Al
3" term =(-2)> +12=160r6> +12=48 A1A1 | SCI for 16, 48 after x=2,-6
(4]
.X2 X
(ii) 2| =2 soi M1
4x\ 4
4x ST
-8 M1 Accept use of unsimplified
X
-= x2 4x 4
4 —or—-or—
4 1 4x x X
X=—orr=— Al
3 3
d 16
3" term =— (or 0.593) Al
27 [4]
ALT
4 1 4
Y o8 sr=l-—xor — =8 5x=2(1-r) | Ml
1-r 2 1-r
2(1-
x2=4x1—lx r=M M1
2 4
o4 . Al
3 3
346. 9709 w15 _ms_12 Q: 2
Answer Mark Partial Marks
(x + 2k)
Terminx’ =21 x4k2 = 84k B1
Terminx* =35 x 86 = 280k B1
3 .
Equate and solve — £=0.3 or — M1 Al Correct method to obtain 4.
347. 9709 w15 _ms 13 Q: 2
Answer Mark Partial Marks
Y 9
[7C2]>< H—j :lx H—ZJ } soi B2,1,0 | Seen
3 x
1 1 . .
21x —5(x )x 81 — soi B1 Identified as required term
X
7 B1 Accept 7x
[4]
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(b)| 1.92+1.92(.96) +1.92(.96)" +...

1.92(1-.96%
1-.96
26.8 cao
1.92 0.96

ii)| ——=48or =24 & then
()| T 1-0.96

Double AG

B1

M1

Al

MI1A1 a=1-25 (50) but must be doubled

Answer Mark Partial Marks
() @)]1.92+184+1.76+... oc Bl | OR a=0.96, d=—.04 & ans
%[2 X192 +19%(-0.08)]  oe M1 | doubled/adjusted
232 cao Al Corr formula used with corr d & their

[3] a,n
a=1,n=21-12.6 (25.2),
a=0.96,n=21— 11.76 (23.52)

OR a=.96, r =.96 & ans
/doubled/adjusted

Corr formula used with » =.96 & their
Bl|a,n

a=.96,n=21— 13.82(27.63)
a=1,n=21—-14.39(28.78)

[2] for M1
(1-0.96")

1.92 <48—0.906" >0

(www)
'which is true' scores SCBI1

349. 9709_m22 ms_ 12 Q: 11

Question Answer | Marks Guidance
(a) dy 2 B2,1,0
e [k (3x-1)7] 3} {43}
- M1
3k s+3=0 leadingto (3)(3x—k)’ =(3)k set & — 0 and remove the denominator
(3x-k) dx
leading to 3x—k = [i]\/}
kJk Al | OE
T3
4
(b) 444 B1 | Substitute x = a when k= 4. Allow x=2.
a= 3 leading to a=2
£(x) = f'[—12(3x— 47 +3] = 72(3x-4)" Bl | Allow 18%(3x— k)"
>0 (or = ini
0 (or 9) when x =2 — minimum BIFT FT on their x = 2, providing their x > % and f"(x) is correct
3




920 APPENDIX A. ANSWERS
Question Answer Marks Guidance
. . B 3 M1 | Cond .
© Substitute k=-1 leadingto g'(x)=—"—75+3 oncone one error
(3x+1)
o’(x)>0 or g'(x) always positive, hence g is an increasing function Al | WWW. A0 if the conclusion depends on substitution of
values into g’(x).
Alternative method for question 11(c)
k+k M1 | Allow the statement ‘no turning points’ for increasing or
x= 3 when &£ =—1 has no solutions, so g is increasing or decreasing
decreasing
Show g’(x) is positive for any value of x, hence g is an increasing Al | Or show g(b) > g(a) for b> a — g, hence g is an increasing
function function
2
350. 9709 _s21_ms_12 Q: 3
Question Answer Marks Guidance
(a) 1.2679 Bl | AWRT. ISW if correct answer seen. 3 — /3 scores B0
1
(b) 1.7321 Bl | AWRT. ISW if correct answer seen.
1
(©) Sight of 2 or 2.0000 or two in reference to the gradient *B1
This is because the gradient at £ is the limit of the gradients of the DBI1 | Allow it gets nearer/approaches/tends/almost/approximately 2
chords as the x-value tends to 3 or dx tends to 0.
2

351.9709_s21 ms_13 Q: 2

| Question

Answer

Marks Guidance

£ (x)=] ((Zx—l)m)x(%xb%) (-2)

B2, 1,0 | gxpect (2x-1)"7 -2

(2x-1)""-2<0 — 2x—1<4 or 2x-1<4

M1 | SOL Rearranging and then squaring, must have
power of ¥z not present

Allow ‘=0at this stage but do not allow ‘ > 0’ or
.

If -2’ missed then must see < or < for the M1

Value [of a] is 22 or a=2%>

Al 5
WWW, OE e.g.E .2.5

Do not allow from ‘=0’ unless some reference to
negative gradient.
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| Question Answer Marks Guidance
(a) av 9 1V B1 | OE. Accept unsimplified.
P e
a3l
M1 | Correct use of chain rule with 1.5, their differentiated
dr _ dr ><dV 1.5 1.5 1.5 expression for % and using ¥ =5.5.
= x—= = =
a darodt . AV of . 1) 1125
dr 2 2
0.0133 or 3 or L [ metres per second] Al
225 75
3
) BLFT Correct statement involving %’ or their %, 1.5 and 0.1.
15 2x1.5
%or ;t}‘wi;r%{:E or 15 OR 0.1= = ~OE
01 their—— 9 p— 1
dar 2
9 s 1 o Bl | OEe.g. AWRT 2.3
E(T*EJ =15=> | r= EJr 3 Can be implied by correct volume.
[Volume =] 8.13 AWRT B1 —3+530
OEcg %‘f_ CAO.
3
353.9709_ w21 _ms_12 Q: 10
] Question Answer Marks Guidance
(a) ) k B1
[f'()=] 2x——
x
o k M1 | Setting their 2-term £'(2) = 0, at least one term correct and
f'@)=0 2x2—2—2 =0 |=k=".. attempting to solve as faras k=.
k=16 Al
3
(b) 12y = N 2k M1 | Evaluate a two term {"(2) with at least one term correct.
@)=eg.2 P Or other valid method.
2k o o A1 FT | WWW. FT on positive k value.
2+? >0 = minimum or = 6 = minimum
2
(c) When x =2, f(x) =14 B1 | SOI
[Range is or y or f(x)] > their f(2) B1FT | Notx > their f(2)
2
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354. 9709 w2l ms 13 Q: 3

APPENDIX A.

ANSWERS

Question Answer Marks Guidance
(a) {5(1}—3)2} {+3} B1B1 | Accepta=-3,b=5
2
(b) [£(x)=]5x" —30x" +50 B1
S(Jc2 —3)2 +5 or b” < 4ac and at least one value of £°(x) > 0 M1
> 0 and increasing Al | WWW
3
355.9709_m20_ms_ 12 Q:1
Answer Mark Partial Marks
£/(x)=[ ~(3x+2)7 [x[3]+[24] B2,1,0
<0 hence decreasing B1 | Dependent on at least B for £'(x) and must include < 0 or
‘(always) neg’
3
356. 9709_m20 ms_12 Q: 4
Answer Mark Partial Marks
d B1
o2
dx
dv 4 B1 | OE, SOI
& 6
X . M1 . dy E
their (2x - 2) = their— LHS and RHS must be their G SXpression and value
4 Al
x=— oe
3

357.9709_s20 ms_11 Q: 9

B1B1
@ % = 3320 x 2 +24 = —6(3-2x)* +24
(B1 without x—2. B1 for x—2)
&y BIFT
e —12(3-2x)x-2 = 24(3 - 2x) Bl
(B1FT from :—; without — 2)
4
d M1
® Ey =0 when 6(3-2x) =24 - 3-2x=12
x=%,y=20 or x=2%,y=52 AlAl
(A1 for both x values or a correct pair)
3
2 BIFT
© | pe=v Y _ 4 Minimum
dKZ
2 BIFT
Ifx=2Y%, 3;: =48 Maxinum
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M1
@ Volume after 30 s = 18000 %nr’ =18000
r=163cm Al
2
B1
® v
dr
@_ & 4 6o 1
d dV dt 4w
Al
E =10.181 cm per second
dr
3
359. 9709 s20 ms 12 Q: 10
B2,1
@ b5, 6(2x — 7y
dx
dy B2,1FT
5 T
(FT only for omission of *x2 * from the bracket)
4
M1
I N (2x-7) =9
dx
x=5,v=243 0orx=2,y=135 Al Al
3
2 B1FT
© |25 % - 95 Maximum
dxz
(FT only for omission of *x2 * from the bracket)
> BI1FT
v =292 _ 55 Minimum
de
(FT only for omission of ‘%2’ from the bracket)
2
360. 9709 s20 ms 13 Q: 6
a . B1 B1
@ & Liseoy™ x[3]
de [2
M1
Use d_y =2x(xheird—ywhcnx = 1}
dt dx
5 Al
2
4
_ M1
® 2ther'r£(5x71) n_3 o
2 8
(sx-1)"" =8 Al
x=13 Al
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361. 9709 w20 ms 11 Q: 3

APPENDIX A. ANSWERS

Answer Mark Partial Marks
L B B1 . dr
(Derivative =) 4mr" (— 400m) SOI Award this mark for w
50 M1 | Can be in terms of 7
their derivative
1 Al | AWRT
— or 0.0398
8n
3
362. 9709 w20 ms_ 11 Q: 6
Answer Mark Partial Marks
= B1B1
_ 1(25,352) " [-2x]
dc |2
— 2 M1 4 )
x — :i N d = 16 Set= — and square both sides
(25-2)" 3 =40
16(25-x*) =9x* — 25¢ =400 — x=(%)4 Al
Whenx=-4,y=5 — (-4,5) Al
5
363. 9709 w20 ms_13 Q: 8
Answer Mark Partial Marks
(@) dy S B1B1
—=|2 - 2(2x+1
oo 20
d’y N B1
o §(2x+1)
3
M1
® Set their il = 0 and attempt solution
x
(x+1P=1—2x+1=(+)lor 4 +4x=0— (4)x(x+1)=0 M1 | Solving as farasx=....
x=0 Al | WWW. Ignore other solution.
(0,2) Al | One solution only. Acceptx =0,y =2 only.
d’y B1 &y

. 1 ..
F > () from a solution x> y hence minimum

Ignore other solution. Condone arithmetic slip in value of —-.
dx

d? _
Their d—J; must be of the form &(2x+1)"
¢
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925

Answer Mark Partial Marks
(i) dy/dx= —2(2x _1)-2 ) B2,1,0 | Unsimplified form ok (—1 for each error in “-2°,
(20-1)7 and *2°)
Py/ded = 8(25\771)73 B1 | Unsimplified form ok
3
(ii) Set dy/dx to zero and attempt to solve — at least one correct step M1

x=0,1

Al Expect (2x—1)z =1

When x =0, d’y/dx* =8 (or <0) . Hence MAX

B1

When x =1, d*y/dx? =8 (or > 0). Hence MIN

B1 | Both final marks dependent on correct x and correct
d*y/dx* and no errors
May use change of sign of dy/dx butnotat x=1/2

4
365. 9709 _ml19 ms_12 Q: 5
Answer Mark Partial Marks
® wv=8q+2q-2+6¢> —42 B1 | May be unsimplified
6g° +10g—44=0 oe M1 | Simplify, set to zero and attempt to solve
qg=2,-11/3 Al | Both required. Accept—3.67
3
(ii) 0 8 M1 | Correct method for scalar product
u=|2|v=|-1|wv=-2-42
6 -7

[u] % v = V22 + 62 x /8 +12 + 72

M1 | Prod of mods. At least one methodically correct.

—44 44 4

Ja0 <114 44285 11

cosf =

M1 | All linked correctly and inverse cos used correctly

0=130.7° or 2.28(05) rads

Al | No other angles between 0° and 180°

4
366. 9709 s19 ms 11 Q: 7
Answer Mark Partial Marks
® AM =151+ 4j + 5k B3,2,1 | Loses 1 mark for each error.
GM =6.5i—4j - 5k
3
(i) AM . GM =9.75-16 —25=-31.25 M1 | Use of x,x, + 1%, + 2,2, on AM and GM

AM . GM =(1.5%+4%+5%) x J( 6.5+4%+5%) cos GMA

M1 M1 | M1 for product of 2 modulii M1 all correctly connected

Equating — Angle GMA = 121°

Al
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367. 9709 _s19_ms_12 Q: 8

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(1) 6%3+-2xk+-6x-3=0 M1 | Use of scalar product = 0.
(18-2k+18=0) Couldbe 40 .0B, 40.BO or OA.BO
k=18 Al
Alternative method for question 8(i)
76+ 18+ K =18+ (k+2) M1 | Use of Pythagoras with appropriate lengths.
k=18 Al
2
(ii) 36+4+36=9+12+9 M1 | Use of modulus leading to an equation and solve to
k=ork=
k=258 or +7.62 Al | Accept exact or decimal answers.
Allow decimals to greater accuracy.
2
(1ii) -3 -2 M1 | Complete method using AC == % AB
AB =| 6 | — AC=| 4 | then DA+ AC And then Od + their AC
3 2
4 Al
ocC= |2
4
. \/(the;r'r4)2 +(their 2)1 +(their _4)2 M1 | Divides by modulus of their OC
4 Al
S el (4 + 27 — 4k)
6 6 /
4
Alternative method for question 8(iii)
r p—6 3-p M1 | Correct method. Equates coefficients leading to
Let OC =|g|— AC=|g+2 |&CB =| 4—¢q values for p, g, r
r F+6 —3-r
pP—6=23-p)qt2=24—qrr+6=2(3-5 Al
—p=4, ¢ 2 & =4
- \/(thefrfl)z +(their 2)2 +(their 74)2 M1 | Divides by modulus of their OC
4 Al
= % 2 |or é (4i +2j - 4k)
4
(iii) Alternative method for question 8(iii)
CB=0OB-0C -2 (@ —R‘) =0C - 04 M1 | Correct method. Gets to a numerical expression for
12 kOC from O4 &OB.
—20B+ 04 =30C-30C=| 6
—12
4 Al
oc=|2
-4
. \/(the;r'r4)2 +(their 2)1 +(their _4)2 M1 | Divides by modulus of their OC
4 Al
1 1
=—| 2 |or— (4i+2j—4K
A 5 (4 +2 - 4k)
4
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Answer Mark Partial Marks
B1
For C;: d—y =2x—4—>m=2
dv
— ‘their 4° = ‘theirm’ (x — 3 i = + M1
Y er eirm’ (x—3) or using y =mx + ¢ Use of : % and (3, their 4) to find the tangent
equation.
vy—4=2(x—-3)or y=2x-2 Al | Ifusing =mx+c , getting ¢ =-2 is enough.
2x—2=Jax+k (= 42 —12x+4-k=0) *MI1 | Forms an equation in one variable using tangent &
Ca
Use of b —4ac =0 on a 3 term quadratic set to 0. *DML1 | Uses ‘discriminant = 0’
144=16(4 k) — k=—5 Al
4x?—12x+4-k=0 — 4x*-12x+9=0 DMI1 | Uses £ to form a 3 term quadratic in x
3 1 Al | Condone ‘correct’ extra solution.
x==|or—=|,y=1or-1).
2 2
Alternative method for question 9
B1
For C: d_y =2x—4—m=2
dv
V— ‘their 4°= ‘theirm’ (x —3) or using y =mx + ¢ M1 dy .
Use of : a and (3, their 4) to find the tangent
equation.
y—4=2(x-3)or y=2x-2 Al | Ifusing =mx+c , getting ¢ =-2 is enough.
dy 1L *M1 dy _1
For Ca: o A(4x+k) 2 Finds o for C; in the form A(4x+k) 2
X
L - *DM1 e i s ey e AV, P
AtP: “their 2’ = A(4x+k) 2" = (x :%grafx +k=1) Equating ‘their 2’ to ‘their % and simplify to
form a linear equation linking 4x + & and a constant.
(2172)1 Cdvik — (2x72)2 -1 %(4x2 _8x+3 :0) DM1 | Using their y =2x—2,3* = 4x + k and their
4x +k =1 (but not =0) to form a 3 term quadratic in
X.
Al | Needs correct values for x and £.
Jc:E orl and from & =—5(or—1)
2 2
fromy? =4x + &, y=1(or—1). Al | Condone ‘correct’ extra solution.
Alternative method for question 9
B1
For Cy: d_y =2x—4—-m=2
dx
— ‘their 4’ = “their m’ (x — 3) or using y = mx + ¢ M1 d
Y ¢ ) 8 Use of : av and (3, their 4) to find the tangent
equation.
vy—4=2(x—-3)or y=2x-2 Al | If using =mx +c , getting ¢ =-2 is enough.
dy L *M1 dy 1
For Cz: o =A(4x+k) ? Finds I for C; in the form A(4x+k) 2
X
1 _ *DM1 ey, L
AtP: ‘their 2’ = A(4x+ k) 2" — (x :¥0r4x+ k=1) Equating ‘their 2 to ‘their ™ and simplify to
form a linear equation linking 4x + & and a constant.
From4x+k=1andy’ =dx+k— 1> =1 DML | Using their 4x + k = 1 (but not =0) and C: to form
3* = a constant
3 1 Al | Needs correct values for y and x.
v=1(or—1)and x==| or—
2 2
From 4x+k=1,k=-5(0or-1) Al | Condone “‘correct” extra solution
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369. 9709 _s19_ms_13 Q: 6

APPENDIX A. ANSWERS

Answer Mark Partial Marks
@ MF =—4i+2j+7k Bl
1
(ii) FN=2i-j Bl
1
(iif) MN=-2i+j+7k B1 | FT on their (MF + FN)
1
(iv) MFMN=8+2+49=59 *M1 | MF.MN or FML.NM but allow if one is reversed (implied by —59)
IMIF| x [MIN| = \[41 12217 x \/22 IS *DM1 | Product of modulus. At least one methodically correct
cos FMN = +/-59 DM1 | Al linked correctly. Note @x& = 9\/%
J69 % \[54
FMN=14.9° or 0.259 A1 | Do not allow if exactly 1 vector is reversed — even if adjusted finally
4
370. 9709_s19 ms_13 Q: 8
Answer Mark Partial Marks
f'(-1)=0 > 3-a+b=0 £'(3)=0 » 27+3a+b=0 M1 | Stationary points at x=—1 & x =3 gives sim. equations in a & b
a=-6 A1 | Solve simultaneous equation
b=-9 Al
Hence f'(x)= 3xt —6x-9 > f(x) =x* 3y’ —9x(+¢) B1 | FT correct integration for their a,b (numerical a, b)
2=-1-3+9+c¢ M1 | Sub x=-1, y=2 into their integrated f(x). ¢ must be present
c=-3 A1l | FT from their f(x)
f(3) =k 5k=27-27-27-3 M1 | Sub x=3, ¥y =k into their integrated f(x) (Allow ¢ omitted)
k=-30 Al
8
371.9709_ w19 ms_11 Q:2
Answer Mark Partial Marks
Attempt to solve f'(x)=0or f'(x)>0o0rf'(x)>0 M1 | SOI

x-2x-4)

Al | 2 and 4 seen

(Least possible value of » is) 4

Al | Acceptn=4or n=4
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Answer Mark Partial Marks
(1) 2 -1 3 4 2 2 B1B1 | Condone reversal of labels
AB=|-3|-| 3 [=|-6|., BC=|-2|—|-3|=|1
5 —4 9 5 5 0
AB.BC = 6 — 6 — = 0 (hence perpendicular) B1 | AG
(if) 4 2 2 B1 -2
DC=|-2|-| 2 |=| 4 Or:CD =| 4
5 -1 6 —6
AB=iDC M1 | OE
Expect k= %
Or: DC.BC =4 -4 =0 hence BC is also perpendicular to DC
Or: AB.DC =1 or AB.CD = -1, angle between lines is 0 or
180
AB is parallel to DC, hence ABCD is a trapezium Al
(iif) |AB| = V/9+36+81=+126 =11.22 M1 | Method for finding at least 2 magnitudes
IDC| = J4+16+36 =56 =7.483
BC|= Ja+1+0=45=2.236
Area= 1 (their4B + theirDC)) x theirBC = 20.92 MIAL | OE
373.9709_wl9 ms_12 Q: 5
Answer Mark Partial Marks
1) Use of Pythagoras — 1 = 157 — i? M1
V="1%n(225 — I*) x h — %n(225h— 1) Al | AG
WWW e.g. sight of ¥ = 15— h gets AQ.
2
if di B1
@ 21X rs-3m)
dh )3
L dv M1 | Differentiates, sets their differential to 0 and attempts to solve
Their an 0 at least as far as i’ # 0.
(h =) V75, 53 or AWRT 8.66 Al | Ionore —/75 OE and ISW for both A marks
&hon M1 | Differentiates for a second time and considers the sign of the
—5 == (6h) (> —ve) second differential or any other valid complete method.
dn® 3
— Maximum AIFT | Correct conclusion from correct 2nd differential, value for k

not required, or any other valid complete method. FT for their
h, if used, as long as it is positive.

SC Omission of m or g throughout can score BOM1AIMI1A0
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374. 9709 w19 ms 12 Q: 7

Answer Mark Partial Marks
i) (P—B) =5i+8j- 5k B2,1,0 | B2 all correct, B1 for two correct components.
(}TQ') =4i+8j +5k B2,1,0 | B2 all correct, BI for two correct components.
Accept column vectors.
SC B1 for each vector if all components multiplied by —1.
4
(ii) (Length of PB =) J(Sz e 52) = \jm ~10.7) M1 | Evaluation of both lengths. Other valid complete comparisons
can be accepted.
(Length of PO =) \J(4*+ 8+ 57)=(~105~10.2)
P is nearer to 0. Al | WWW
2
(iif) PBPO)=20+ 6425 M1 | Use of xyx; + yyy2 + 2122 on their PBand PQ
o
(Their\/114)(their/105) cos BPQ = (their 59) M1 | All elements present and in correct places.
BPQ =57.4(°) or 1.00 (rad) Al | AWRT
Calculating the obtuse angle and then subtracting gets A0.
3
375.9709 w19 ms 13 Q:3
Answer Mark Partial Marks
B1
b 3+ 2x-8
dx
Set to zero (SOI) and solve M1
(Min) @ =-2, (Max) &= 4/3. — in terms of @ and &. Al | Accept a>—2, b< %
Al
SC:Alfor a>-2, b<$ orfor 2<x<4%
4
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Answer Mark Partial Marks
) S§=28 V=8¢ B1B1 | SOI
2 Bl | AG, WWW
W3 =Tx4x" =8
3
(ii) H *MI1 | Attempt to differentiate
[ﬁj = 147 :E SOI when 7= 1000 Al ds N
ar 3 30 For M mark (Wj to be of form k¥ ¢
DM1
a = ﬁ><d—.'V OE used with §:2 and ———
dr dt  ds dr their 14
Al | OE
E or 4.29
7
Alternative method for question 5(ii)
3 *M1 | Attempt to differentiate
= S a(d—yjzéxS%xL:@ SOT when S =700 Al av N
7 as ) 2 W14 For M mark (ﬁ) to be of form S*
DM1
d—V = E><d—;V OE used with ﬁ:2 and ——
dt dt dS dt their 1%
30 Al | OE
— or4.29
7
(ii) Alternative method for question 5(ii)
dar dx *M1
Attempt to find either — or gauddl together with either —
dx dx ds dt
orx
Al
¥ =24x% or E:Séxandd—V:S—x ,g L
dx dx ds 7)) dt 140
DMI1
Correct method for w
dr
Al | OE

30 or 4.29
7
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377.9709_w19 ms_13 Q: 10

APPENDIX A. ANSWERS

Answer Mark Partial Marks
&) 6 18 12 -12 B1B1
AX=|2|andonecof AB=| 6 |, XB=| 4 |,BX=| 4
3 9 6 —6
_ _ 3 h ioht 1 Bl | WWW
State AB=3AX(orXB=2AX or AB= EXB etc) hence straight line A conclusion (i.e. a straight line) is required.
OR
AXAB o —gpor AXBX _ L Ge=1s0)
|AX||AB]| |AX|[BX|
hence straight line
3
(id) -3 B1
CX=| 6
CXAX=-18+12+6 M1
=0 (hence CX is perpendicular to AX) Al
3
G ex| =3 +62+27, |AB = V182 + 6 +9° M1
Both attempted
1 . . 1 MI1AL1 | Accept answers which round to 73.5
Area AABC= 3 % their 21 x their 7="13 3
3
378.9709_ml8 ms 12 Q: 7
Answer Mark Partial Marks
® CE =—4i—j+8k B1
| CT’f| _ \/((Their 74)2 + (their 71)2 + (their 8)2 _9 M1A1 | Could use Pythagoras’ theorem on triangle CDE
3
(if) Cd =3i-3jor AC =-3i+3j B1
CE.CA = (—4i —j + 8K).(3i — 3j) =12 + 3 (Both vectors reversed M1 | Scalar product of their CE ., CA. One vector reversed ok for all M
ok) marks
|CE|¥|CA| = V16 +1+64 x/9+9 M1 | product of moduli of their CE, CA
L1243 4 11 AlA1 | Al for any correct expression, Al for required form
cos 018 =cos N Equivalent answers must be in required form m/\n (m, n integers)
or eg cos’ [i] cos™ ( - J etc
= Jiez2 ) 1458 '
5
379.9709_ml18 ms_12 Q: 8
Answer Mark Partial Marks
® dy/dr=x—6x"+8 B2,1,0
Set to zero and attempt to solve a quadratic for x* M1 | Could use a substitution for x* or rearrange and square correctly*
P =4or x*=2 [x=2andx=4 gets M1 A0] A1 | Implies M1. ‘Correct’ roots for their dy/dx also implies M1
x=160r4 AI1FT | Squares of their solutions *Then A1,A1 for each answer
5
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Answer Mark Partial Marks
(ii) dy/dy® =1-3x7" BIFT | FT on their dy/dx, providing a fractional power of x is present
1
(iii) (When x = 16) d’y/dx* = 1/4 > 0 hence MIN M1 | Checking both of their values in their d*y/ dx®
(When x=4) d’y/dx’> =—1/2 <0 hence MAX Al | All correct . )
Alternative methods ok but must be explicit about values of x being
considered
2
380. 9709_m18 ms_12 Q: 10
Answer Mark Partial Marks
D@ |fx)>2 B1 | Accepty > 2, (2, ), (2, =], range > 2
1
Db | ew>6 Bl | Accepty > 6, (6, o), (6, 0], range>6
1
(i) |2<fg(x)<4 B1 | Accept2 <y <4,(2,4), 2<range<4
1
Answer Mark Partial Marks
(if) The range of fis (partly) outside the domain of g B1
1
(idi) , -8 B1 | SOI
f (x): p
(x-2)
. $2 o yo2s r_2e 8 M1 | Order of operations correct. Accept sign errors
- — y=2
PETR I B Al | SOT
x-2
M1 i - ic i - —
48 - 16 as (< 0) S P _20x+84 (<0) Formation of 3-term quadratic in x,(x—2)or 1/(x-2)
(x-2) x-2
(x—6)(x—14) or 6, 14 Al | 501
2<x<6.,x>14 Al | CAO
6
381. 9709 _s18 ms_11 Q: 2
Answer Mark Partial Marks
yo2r+ 5, @ ol 5 _ ~3 (may be implied) when x = 1. M1 Al | Reasonable attempt at differentiation CAQ (—3)
x x?
'::/ = %xy — —0.06 M1 a1 Ignore notation, but needs to multiply % by 0.02.
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382. 9709 s18 ms_ 11 Q: 7

APPENDIX A. ANSWERS

Answer Mark Partial Marks
1 -1 3
Od=|-3|, OB=| 3 |and OC=| 1
2 5 -2
@ Bl | BI for 4C.
AC=| 4
—4
1
Answer Mark Partial Marks
(i) 2 1 3 M1 | M1 for their OM =04+ AM oe
OM =04 +4M =| -1 or% 3+ 1N
0 2 -2

Unit vector in direction of OM :% (W)

M1 Al | M1 for dividing their OM by their modulus

(iif)

-2
AB=| 6 |, Allow+
3

Bl

M1 M1 | Product of both moduli, Scalar product of + their AB

2 (2
|4B|=7,|4C1=6 | 6 |.| 4 | = -4+24-12=8 and AC
4
Tx6cosd=8 — 6=79.(0)° Al | 1.38 radians ok
4

383. 9709 _s18_ms_12 Q: 5

Cos CAD=0.82178..— CAD =34.7° or 0.606° awrt

Answer Mark Partial Marks
@ | Da=6i—K B1
CA=6i -5j -4k B1
2
(if) Method marks awarded only for their vectors + CAd &+ DA Full marks can be obtained using AC & 4D
CA.DA =36+16 (=52) M1 | Using ¥y a+21%
|m’| —J52 . |@| -J77 M1 | Uses modulus twice
52 =77V52¢c0s CAD oe M1 | All linked correctly
Al | Answer must come from +ve cosine ratio




384. 9709 _s18_ms_13 Q: 8

935

Answer Mark Partial Marks
(6] Q 3 18x424 M1A1 | Attempt to differentiate. All correct for A mark
dx
2 _ — M1
3x° —18x+24=-3 Equate their d to-3
dx
x=3 Al
y==6 Al
y—6=-3(x-3) AIFT | FT on their A. Expect y=-3x+15
6
(ii) (3)(x—2)(x _4) SOl or x=2, 4 Allow (3)(;;4. 2)(x+4) M1 | Attempt to factorise or solve. Ignore a RHS, e.g. =0 or > 0, etc.
Smallest value of k is 4 Al | Allow k > 4. Allow k = 4. Must be in terms of k
2
385. 9709 s18 ms 13 Q: 9
Answer Mark Partial Marks
@) 2 . MI1AL1 | Evidence of OB = 10 or other valid method (e.g. trigonometry) is
OE = E(Sl+6])71.61+1.21 AG required
2
(ii) OD=1.6i +1.2j+ 7k B1 | Allow reversal of one or both of OD, BD.
BD=-8i-6j+1.6i+12j+7k OE=-6.4i 4.8j + 7k M1A1 | For M mark allow sign errors. Also if 2 out of 3 components correct
+OD. 4] i 7
Correct method for +OD.+BD (using their answers) M1 Expect 1.6 % 6.4 + 12 x —4.8 + 49 =33 or % 825/ 25.
Correct method for |OD| or [BD| (using their answers) M1 Expect V162 +122+7 or6.42 +48 +7° =53 or 113
DM1
Cos BDO = their _ODED Expect 3 . Dep. on all previous M marks and either B1 or Al
|oD|=[BD| 774
64.8° Allow 1.13(rad) A1l | Can’tscore Al if 1 vector only is reversed unless explained well
7
386. 9709 w18 ms_11 Q:8
Answer Mark Partial Marks
® DF =—6i+2k Bl
1
(if) EF =—6i-3j+2k Bl
|EF |=J(-6)" +(-3)" +2° M1 | Must use their EF
. 1, . .. Al
Unit vector = 7(—61—3_|+2k)
3
(iif) DF.EF =(—6i+ 2K).(-6i— 3j + 2K) =36 +4 =40 M1
| DF | =40, | EF | =7 M1
M1
cosEFD = 40 oe
7./40
EFD=254° Al | Special case: use of cosine rule M1(must evaluate lengths

using correct method) Al only
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387. 9709 w18 ms 11 Q: 10

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(1)(a) dy _ |:71/2(4x B 3),1] x[4] B1B1 | Can gain this in part (b)(ii)
dx
When x=1, m=-2 BIFT Ft from their dl
dx
Normal is y—% = 1/2( Y- 1) M1 | Line with gradient —1/m and through 4
y=%x soi A1 | Can score in part (b)
5
(i)b) 1 _ £—>2x(4x—3) _ 2—>(2)(4x1 Z3g _1) (: O) M1A1 | x/2 seen on RHS of equation can score previous Al
2(4x-3) 2
x=-1/4 Al | Ignore x=1 seen in addition
3
ii M1AL1 | Allow +0.3 or —0.3 for M1
@) Use of chain ule: %:(rheir—Z)x(i)OS:O.S ow o or
2
388.9709 w18 ms 12 Q:3
Answer Mark Partial Marks
(i) Pis(t,50) Qis(t, (9 — ) — 4t -1 B1 B1 | Bl for both y coordinates which can be implied by

subsequent working. B1 for PQ allow |41 —*| or [r*—41|.

Note: 4x— x* from equating line and curve 0/2 even if x then
replaced by ¢.

2]
Answer Mark Partial Marks
(ii) d(PQ) _ 4 3p B1FT | BIFT for differentiation of their PQ, which MUST be a cubic
df expression, but can be di £ (x) from (i) but not the equation
X
of the curve.
_ ., 2 M1 | Setting their differential of PO to 0 and attempt to solve for t
=0—r=+ NE) or X.
. 16 1643 Al | Allow 3.08 awrt. If answer comes from wrong method in (i)

— Maximum PQ = EWEY or e award AO.

Correct answer from correct expression by T&I scores 3/3.




389. 9709 _wi8 ms 12 Q: 7

937

Answer Mark Partial Marks
PN =8i-8k B1
PM =4i+4j-6k B2,1,0 | Loses 1 mark for each component incorrect

SC: PN =-8i+8k and PM = 4i—4j +6k scores 2/3.

PNPM =32+0+48=80

M1

Evaluates x;x, Hy13,+2;2; for correct vectors or one or both
reversed.

| PV x| Ph| = 128 x 68 (= 16434 )

M1

Product of their moduli — may be seen in cosine rule

128 x V68 cos MP N =80

M1

All linked correctly.

Angle M P N=31.0" awrt

Al | Answer must come directly from +ve cosine ratio.

Cosine rule not accepted as a complete method. Allow 0.540°
awrt.
Note: Correct answer from incorrect vectors scores A0 (XP)

390. 9709

_wl8 ms_13 Q:2

Answer Mark Partial Marks
f'(x)=3x" +4x—4 B1
Factors or crit. values or sub any 2 values (x #-2) into f'(x) soi M1 | Expect (x+2)(3x—2) or-2,% or any 2 subs
(excluding x =-2).
For -2<x<%, f'(x) <0;for x>%, {'(x) >0 soi Allow <. > M1 | Or at least 1 specific value (#-2) in each interval giving opp
signs
Or (% )=0 and f'(% )= 0 (i.e. gradient changes sign atx = %)
Neither www Al | Must have ‘Neither’
ALT 1 At least 3 values of f(x) Ml |eg f(0)=7,f(1)=6,f2)=15
At least 3 correct values of f(x) Al
At least 3 correct values of f(x) spanning x = % Al
Shows a decreasing and then increasing pattern. Neither www Al | Or similar wording. Must have ‘Neither
- - 2 B1B1 | D t ds i
ALT2 T (x)— 3xl +4x—4 = 3(x+ %) ,1% 0 not condone sign eIrors
M1
£(x)>-28
3
f'(x) <0 for some values and > 0 for other values. Neither www Al | Or similar wording. Must have ‘Neither®
4
391. 9709 w18 ms 13 Q: 6
Answer Mark Partial Marks
(Bo):fsif()j B1 | OR (OB) =38i + 6j
(BF)=—6j—8i+7k+4i+2j = —4i—4j+7k Bl | OR (FB) = 4i + 4j - Tk
(BF.BO) = (_4) (_3) + (—4)(—6) M1 | OR (FB.OB) Expect 56. Accept one reversed but award final A0
|BF|>< \BO‘ P2 )81 16 M1 | Expect 90. At least one magnitude methodically correct
[ theirs6 (56 (28 DMI1AL1 | Or equivalent ‘integer’ fractions. All M marks dependent on use
Angle OBF" = cos their 90 =cos 90 oLcos 45 of (+)BO and (+)BF. 3rd M mark dep on both preceding M
marks
6
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392. 9709 _ml17 ms_12 Q: 3
Answer Mark Partial Marks
® V= th oe Bl
12
Total: 1
(ii) dar 1, 23 MI1A1 | Attempt differentiation. Allow incorrect notation for M. For A mark
an Zk or ar - 4(12 ’) accept their letter for volume - but otherwise correct notation. Allow
w
di  dh dv 4 bM1 . Lo d(7) . .
T :WXE = x 20 soi Use chain rule correctly with T =20. Any equivalent formulation.
Accept non-explicit chain rule (or nothing at all)
Al
[% -4 x 20 = 0.8 or equivalent fraction
dr 0’
Total: 4
393. 9709 _ml17_ms_12 Q: 6
Answer Mark Partial Marks
(i) BA=0A-0OB=-5i—-j+2k B1 | Allow vector reversed. Ignore label BA or AB
OABA=-10-3+10=-3 M1 | soi by +3
|OA|X[BA|= S22 x5 2422 M1 | Prod. of mods for at least 1 correct vector or reverse.
+/-3 M1
C0SOAB = ————
V38x4/30
04B =95.1° (or 1.66°) Al
Total: 5
ii M1 | Allow thei duli product from (i
@\ oum= %mx@siﬂ%.l . Allow %+/38 x+/74sin39.4 ow their moduli product from (7)
=16.8 A1 | cao but NOT from sin 84.9 (1.482%
Total: 2
394.9709_ml7 ms 12 Q: 7
Answer Mark Partial Marks
® i) = [3(4x +1)l/2:' [4] BIBL | pypect 6(4x+ 1)1/2 but can be unsimplified.
2
f(x)=6x1/ 2><(4x+1)71/2 x4 B1/ Expect 12(4x +1)7m but can be unsimplified. Ft from their f '(x).
Total: 3
(ii) f(2), £'(2), k£"(2)=27, 18,4k OR 12 B1B1Y'B1Y' | Ft dependent on attempt at differentiation
27/18=18/4k0e ORAf"(2)=12 = k=3 MI1A1l
Total: 5




395. 9709 ml7 ms 12 Q: 9

939

Answer Mark Partial Marks
i B1B1 | Ni ical
@ Y 2 Atx—2m=2 umericatm
dx
Equation of tangent is y —2=2(x—-2) Bl | Expecty=2x—2
Total: 3
(ii) Equation of normal y—2= ,n/z(x, 2) M1 | Through (2, 2) with gradient =—1/m . Expect y=—%x+3
¥ o2x+2=-Yix+3 — 2% —3x—2-=0 M1 | Equate and simplify to 3-term quadratic
x=-%, y=3% A1A1 | Ignore answer of (2, 2)
Total: 4
Answer Mark Partial Marks
(iii) At x=—-Y%, grad=2(-%)-2=-3 B1Y" | Ft their —t.
Equation of tangent is ¥ —3% =-3(x+%) *M1 | Through their B with grad their —3 (not m; or m,). Expect
y=-3x+7/4
2x-2=-3x+7/4 DM1 | Equate their tangents or attempt to solve simultaneous equations
x=3/4, y=-% Al | Both required.
Total: 4
396. 9709_s17_ms_11 Q: 2
Answer | Mark Partial Marks
3 2
OA=| -6 |and OB=| -6
p —7
(i) Angle AOB=90° —6+36-7p=0 M1 | Use of x;x; + v¥; + 212, = 0 or Pythagoras
—p=6 Al
Total: 2
Answer | Mark Partial Marks
(ii) 3 2 B1FT | CAO FT on their value of p
oc = % —6|=|—-4
2 4
0 M1 M1 | Use of ¢ — b. Allow magnitude of b+corb—c
— Allow first M1 in ti f
BC =c-b=| 2 | : magnitude =125 oW TSt m terms o1 p
11
0 Al | OE Allow + and decimal equivalent
1
Unit vector= ——| 2
/125 1




940

397. 9709 _s17_ms_11 Q: 6

APPENDIX A. ANSWERS

Answer | Mark Partial Marks
@) M1 | Use of (area of triangle, with attempt at ht) = # =2000, h=f (x
Volume = 1 xzﬁh =2000 = h= 8000 ¢ € P D ( )
2) 2 V3x2
M1 | Uses 3 rectangles and at least one triangle
A=3xh+(2)x 1 % x’ xﬁ
2 2
N3, 24000 Al
Subforh — A=——x"+ X
2 V3
Total: 3
(ii) dd \[5 24000 B1 | CAO, allow decimal equivalent
—=—2x——Fx"
& 2 3
=0 when x* = 8000 — x =20 M1 Al odd
Sets their a to 0 and attempt to solve for x
Total: 3
Answer | Mark Partial Marks
iii M1 dx4
(@) 4 - ﬁ + M x>0 Any valid method, ignore value of —— providing it is positive
dx? 2 \/5 dx2
— Minimum A1FT | FT on their x providing it is positive
Total: 2
398. 9709 _s17_ms_12 Q: 5
Answer | Mark Partial Marks
@) Crosses x-axis at (6, 0) B1 | x=6 is sufficient.
dy 5y B2,1,0 | —1 for each incorrect term of the three or addition of + C.
—=0H-12@2-0"x(-1)
dx
Tangent y=%(x—6) or 4y =3x-18 M1 Al | Must use dy/dx, x= their 6 but not x = 0 (which gives m = 3), and correct
form of line equation.
Using y=mx+c gets Al as soon as ¢ is evaluated.
Total: 5
(ii) Ifx=4,dv/dx=3
dy M1 AIFT , dy
& 3x0.04=0.12 M1 for (“their m” from i and x =4) x 0.04.
Be aware: use of x = 0 gives the correct answer but gets MO0.
Total: 2




399. 9709 _s17_ms_12 Q: 8

941

Answer | Mark Partial Marks
@] Uses scalar product correctly: M1 | Use of dot product with 04 or A0 & OBorBO only.
3x6+2x6+(—4)=x3=18
m =29 s a: 9 M1 | Correct method for any one of @| N E| . |ai| or ‘@|
J29 % 9 x cos AOB=18 M1 | All linked correctly.
— AOB =68.2° or 1.19° Al | Multiples of & are acceptable (e.g. 0.3791)
Total: 4
(i1) AB = 3i+4j+(3+2p)k *M1 | For use of OB—0A4 , allow with p=2
Comparing “j” DM1 | For comparing, OC must contain rp&q.
Can be implied by 4B= 20C.
—p=2 andg=4 A1 A1 | Accuracy marks only available if AB is correct.
Total: 4
400. 9709 _s17_ms_12 Q: 9
Answer | Mark Partial Marks
@) % Ay 2 Bl | Accept unsimplified.
=0 when «/; =2
x=4,y=8 B1B1
Total: 3
(i1) dzy _ —2x7; BIFT | FT providing —ve power of x
dx?
(dzy = —lj — Maximum Bl Correct &y and x=4 in (i) are required.
dx? 4 dx?
Followed by“< 0 or negative” is sufficient” but % must be correct if
evaluated.
Total: 2
(iid) EITHER: M1 | Eo \[x=u— 20 —8u+6=0
Recognises a quadratic in Jx
1 and 3 as solutions to this equation Al
—x=9,x=1 Al)
Answer | Mark Partial Marks
Igfiil-rranges then squares M1 | \fx needs to be isolated before squaring both sides.
— 2 -10x+9=0 oe Al
—x=9,x=1. Al) | Both correct by trial and improvement gets 3/3
Total: 3
(iv) k>8 Bl
Total: 1
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401. 9709_s17_ms_13 Q: 4

APPENDIX A. ANSWERS

| Answer Mark Partial Marks
(0] 5 (5 Bl
OB-04 (=4E)=| 4 |-|1|=| 3
-3 3 —6
5 0 5 M1 Al | If OP not scored in (i) can score SR B1 if seen correct in (ii). Other
OP=\1+-1 3 |=|2 equivalent methods possible
3 —6 1
Total: 3
() | Distance OP= 5>+ 22 +° = /30 or5.48 BLFT | FT on their OP from (i)
Total: 1
(iif) Attempt AB.OP. Can score as part of AB.OP= (AB)(OP)cose M1 | Allow any combination of AB.PO etc. and also if AP or PBused instead of
Rare ALT: Pythagoras |@|2 + ‘ZP‘Z ~51+30= ‘ar 4B giving 2-2 = 0 & 44 = 0 respectively. Allow notation x instead of . .
) Al FT | If result not zero then "Not perpendicular' can score A1FT if value is 'correct'
(0+6-6) =0 hence perpendicular. (Accept 90°) for their values of AB,OP etc. from ).
Total: 2
402. 9709 _s17_ms_13 Q: 6
| Answer Mark Partial Marks
Gradient of normal is — 1/3 — gradient of tangent is 3 SOI B1B1FT | FT from their gradient of normal.
dy/dx =2x-5=3 M1 | Differentiate and set = their 3 (numerical).
x=4 *Al
Sub x =4 into line — y =7 & sub their (4, 7) into curve DMI | OR sub x =4 into curve — y = k— 4 and sub their(4, k—4) into line
OR other valid methods deriving a linear equation in k (e.g. equating curve
with either normal or tangent and sub x = 4).
k=11 Al
Total: 6
403. 9709 w17 ms 11 Q: 1
Answer Mark Partial Marks
dl 3412 3 gyl B2,1,0
dx
M1
atx =4, d—y =6-3-1=2
dx
Equation of tangent is y =2(x—4) OE AI1FT | Equation through (4, 0) with their gradient
4
404. 9709 w17 _ms 11 Q:2
Answer Mark Partial Marks
Plx) =3x —2x-8 M1 | Attempt differentiation
Al
71 .280I
3
4 M1 | Accept x > 2 in addition. FT their solutions
f(x)>0 3x<—§ so1
Al

.4
Largest value of @ is 3

. 4 4 . .
Statement in terms of a. Accept @ € -3 or a< -3 Penalise extra solutions
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405. 9709 w17 _ms_11 Q: 4
Answer Mark Partial Marks
i Bl | AG
® V=lﬂ'r2(18—r)=6m"2—lmrz
3 3
1
(ii) dar gm0 M1 | Differentiate and set =0
dr
ar(12-r)=0—> r=12 Al
2 M1
ZI—I: =127 -2ar
Subr =12 — 127 — 247 =127 — MAX Al | AG
4
(iii) Sub =12, h=6 ->MaxV =288x or 905 B1
1
406. 9709 w17 ms 11 Q: 8
Answer Mark Partial Marks
(a) EITHER: (B1
PR= 2@ =2(q-p)
ﬁﬂHZq—Zp =2q-p MiA1D)
OR: (B1
OR=PQ =q-p
OR=00 + OR=q+q-p=2q—p MI1A1) | Or other valid method
3
() 6% +a’ +b* =21 SOI B1
18+2a+2b=0 B1
e (a 79)1 — 405 M1 | Correct method for elimination of a variable. (Or same equation in b)
(2)(02 +9a 7162)(: 0) Al | Or same equation in b
a=9 or —18 Al
b=-18 or 9 Al
6
407. 9709 w17 ms 12 Q: 7
Answer Mark Partial Marks
€3] dy Cav_4-0 Can use completing the square.
dx
- x=2,y=3 B1 B1
Midpoint of AB is (3, 5) B1 FT | FT on (their 2, their 3) with (4,7)
B1
- m :% (or 2.33)
4
(ii) Simultaneous equations — x* —4x —mx +9(=0) *MI1 | Equates and sets to 0 must contain m
Use of b*—4ac — (m+4)*— 36 DMI1 | Any use of b*—4ac on equation set to 0 must contain m
Solves =0 — —10 or 2 Al | Correct end-points.
-10<m<2 Al | Don’t condone < at either or both end(s). Accept —10 <m, m < 2.
4
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408. 9709 _wl7_ms_12 Q: 9

APPENDIX A. ANSWERS

Answer Mark Partial Marks
1) 4 4 Ml | Useofb—aora—b
AB=|(3|or BA=| -3
2 -2
eg AO.AB=-8+6+2=0 — OAB =90° AG M1 Al | Use of dot product with either 400r O4 &either AB or BA.
= ) Must see 3 component products
OR
‘a| _ 3=‘ﬁ| _ Jﬁ,|E| =29 OR Correct use of Pythagoras.
2 N - In both methods must state angle or & =90 or similar for Al
04’ + AB’= OB" — OAB =90° AG
3
(ii) 6 -6 B1 | Must correctly identify the vector.
CB=|-6|or BC=| 6
-3 3
. . 0 M1 Al | Correct link leading to oc
OC = OB+BC (or -CB)=|7
4
3
Answer Mark Partial Marks
(iii) ‘a| =3, |ﬁ| -9 A—B‘ -J29 (5.39) B1 | For any one of these
Area=1(3 +9) /29 or3/29 +3+29 M1 | Correct formula(e) used for trapezium or (rectangle + triangle) or
two triangles using their lengths.
=629 Al | Exact answer in correct form.
(14/1044,2+/261 or3-/116)
3
409. 9709 w17 ms 13 Q: 4
Answer Mark Partial Marks
3 " B2, 1,0 | Deduct 1 mark for each [...] incorrect.
f'(x)= [EJ(fo D" [x[2]-[6]
f'(x)<0 or< 0 or=0 SOI M1
(21_1)”2(2 or <2 or=2 OE Al | Allow with k used instead of x
.5 Al 5 5 .
Largest value of & is 5 Allow k< 5 or k= 5 Answer must be in terms of £ (not x)
5
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410. 9709 w17 _ms_13 Q: 9

Answer | Mark Partial Marks
M -18 12 B1Bl1 | Allow i, j, k form throughout.
AB=+/-| 9 |, BC=+/—--6|,
-18 12
|E| =27, ‘E‘ —18 B1FT | pT on their AB, their OD .
B1FT
2 B1
|CD‘: 1808 or [LB)x2r=12
27 27
5
ii — — M1
@ | 5= (4)their L wtheir BE  sor 8
27 Expect ()| —4 |.
8
. M1 Al Al — — - _
_ 2 18 12 10 6 Other methods possible for OD , e.g. OB + Z CD, OB + l CcD
oD=|-3 (i)theirE 6| = |-7/.|1 2 2
-1 12 7)\-9 (One soln M2A1, 2nd soln A1) OR OB + % BC, OB + %R‘
(One soln M2A1, 2nd soln A1)
4
411. 9709 w17 _ms_13 Q: 11
Answer | Mark Partial Marks
i Bl
@ Gradient of 4B = %
Bl
Equation of 4B is y = lx— 1
27 2
2
i 1 Bl
@y
d
1 *M1
Ya(x—1)"2 =¥ . Equate their %to their ¥
x=2, y=1 Al
¥—1="Y(x—2) (thro' their(2,1) & their ¥2) — y ='ax DMI1 Al
5
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APPENDIX A. ANSWERS

Answer | Mark Partial Marks
(iii) EITHER: (M1 | Where @ is angle between 4B and the x-axis
. d .
smﬁ:T — d=siné
gradient of AB=%:=tanf=% =6=265(7)° B1
d=sin265(7)° =045 (or %) AD
ORI: o1
Perpendicular through O has equation y=-2x
N 1 -2 Al
Intersection with AB: —2x=Y%x-% — [E’ ?)
I 2 5 2 - 1 Al)
d= [E] +[g] =045 (or f)
OR2: o1
Perpendicular through (2, 1) has equation y=-2x+5
N _ 1 3 Al
Intersection with 4B: —2x+5=%x-% — [? g)
2 2 Al)
d= [1] {EJ =0.45 (or 1N5)
5 5
Answer | Mark Partial Marks
(iii) | OR3: (B1
AGAC has arca i [where C= (0, —%)]
1 45 1 1 M1 Al)
3 X 5 xd= 1 d= ﬁ
3
412. 9709 _ml6_ms 12 Q: 6
Answer Mark Partial Marks
0] A=27zr" +27rh Bl
1000
7r*h=1000 > h=— M1
wr
. 2000
Subforhintod — A=2zr*+—— AG Al
r
131
d4 2000 . ..
(i) d_ =0 = 4zr——=0 Mi1A1l Attempt differentiation & set =0
r ¥
r==54 DM1 Al | Reasonable attempt to solve to »°=
d*4 4000
—=4r
df"z 3
>0 hence MIN hence MOST EFFICIENT AG B1 Or convincing alternative method
I51
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413. 9709 ml6_ms 12 Q: 7
Answer Mark Partial Marks
(i) CP= %CA soi M1
CP=E(4if3k) = 24i- 1.8k AG Al
5
2]
(i) OP =24i +1.2k Bl
BP =24i-24j+ 1.2k B1
2]
(iii) BP.CP=5.76-2.16 =3.6 M1 Use of x,x, + 3, + 2,2,
|BP| |CP|= V24 +24 412224418 | M1 Product of moduli
3.6 | .
cos BPC = ——— | =— M1 All linked correctl
V12969 [ 3] Y
Angle BPC =70.5° (or 1.23 rads) cao Al
[4]
414. 9709 s16_ms 11 Q: 5
Answer Mark Partial Marks
(@ A=2yx4x(=8xy) B1
10y +12x =480 Bl .
B1 answer given
— A =384x - 9.6x*
[3]
(i) % =384-19.2x B1
=0 when x = 20 M1 Sets to 0 and attempt to solve oe
Might see completion of square
S x=20 y:24 Al Needs bothxandy
b 384 [3] | Trial and improvement B3.
Uses x=——=—-=20, M1, Al
2a -19.2
y=24,Al

From graph: B1 for x =20, M1, A1 for
y=24
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415.9709_s16_ms_11 Q: 8

APPENDIX A. ANSWERS

Answer Mark Partial Marks
y=3x—-—
X
b 5,4 B1
dx x2
mof AB =4 B1
Equate —x =42
— C(2,4)and D (-2, -4) M1 Al Equating + solution.
— M (0, 0) or stating M is the origin Bl +* on their C and D
mof CD =2
. . 1
Perpendicular gradient (= ——) M1 Use of mymy=—1, must use mep
2 Al (not m = 4)
1
y=-3 [7]
416. 9709 s16 _ms 11 Q: 10
Answer Mark Partial Marks
2 5
@ OA=| 1|, 0B=|-1|,0C=
-2 k -3
1
10-1-2k=0—>k=4— M1 Al Use of scalar product = 0.
2 2]
3
(i) AB=| -2 |, Bl
k+2
’O—C‘ =7 (seen or implied) B1
34 (2P + (k +2)2 =49 M1 Al Correct me.thod. Bo'fh correct.
—k=4or-8 [4] Condone sign error in AB
(iii) @\ =3
6
OD =304=| 3 | and OE =2 M1 A1l Scaling from magnitudes/unit vector
-6 —oe.
4
oC=|12
-6
-2
DE=0E -0D =| 9 |, M1 Correct vector subtraction.
0
— Magnitude of V85. Al

[4]
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417.9709_s16_ms_12 Q: 3

Answer Mark Partial Marks

04 =2i-5j-2kand OB =4i—4j +2k.

AB =2i+j+4k or AC =4i+2j+8k B1
OC = O4+AC =6i —3j + 6k M1 correct method for OC
OR
2 x—4 Bl
1i=|y+4],
4 z—-2
o X 6 M1
oC=|y|=|-3
z 6
OR
OB ~0ii - 0C - OF .
..0C =20B - 04
8 2 6
M1
= -8 |-|-5|=|-3
4 -2 6
_ — — M1 Divides by their mod of their OC
Unit vector = (Their OC ) + (Mod their OC')
Al Correct unsimplified expression
418. 9709 s16_ms_13 Q: 5
Answer Mark Partial Marks
LA [(2x-1)7] B2,1,0
dx
=0 —>4(2x- 1)2 =1 oe eg 16x* —16x+3=0 M1 Set to zero, simplify and attempt to
solve soi
x= 1 and 3 Al Needs both x values. Ignore
, 4 4 y values
L7 _g(ax-1y? Bl | ftto k(2x~1)" where k>0
dx
1 d*y .
When x=—, —(=-64) and/or <0 MAX DB1 Alt. methods for last 3 marks
4 d); (values either side of 1/4 & 3/4)
3 dy, must indicate which x-values and
When X=1or (=64) and/or >0 MIN DB1 o cannot use x — 112, (MIAIAL)
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419. 9709 _s16_ms_13 Q: 7

APPENDIX A. ANSWERS

Answer Mark Partial Marks
NP Y Bl
dx
d
Y _ 5 B1
dx
2x—5x"2+5=2 M1 Equate their dy/dx to their 2 or Y.
2x-5x"2+3(=0) or equivalent 3-term
quadratic Al
Attempt to solve for X2 e.g.
(2)c”2 —3)(x”2 - 1) =0 DM1 Dep. on 3-term quadratic
x"?=3/2and 1 Al ALT
x=9/4and 1 Al - 5x* =2x+3—25x=(2x+3)
4x* ~13x+9(=0)
x=9/4and 1
420. 9709 s16_ms 13 Q: 9
Answer Mark Partial Marks
-1
(i) AB=0B-0A=| 2 B1 Ignore labels. Allow BA or BC
p+4
-4
CB=0B-0C=| 5 B1
p-2
1+4+(p+4) =16+25+(p-2) M1
p=2 Al
[4]
(i) AB.CB =4+10-5=9 M1 Use of x,x, + ¥, ¥, + 2,2,
| AB|=v1+4+25=30, |CB| =+/16+25+1
=42 M1 Product of moduli
9 9 .
cos ABC = or M1 Allow one of AB, CB reversed - but
30+/42 635 award A0
ABC =175.3" or 1.31rads (ignore reflex angle
285°%) Al
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Answer Mark Partial Marks
@A) [ XP=-4i+(p-5)j)+2k B1 Or PX
[-4i+ (@ -5)j+2k].(pj+2k) =0 M1 Attempt scalar prod with OP/PO
and set =0
pP—5p+4=0 Al (=0 could be implied)
p=1lor4d Al
(4]
(i) | XP= —di+4j+2k — |XP|=116+16+4 M1 Expect 6
Unit vector =1/6(—4i+4j+2k) oe Al
(2]
(iii) | AG =—4i +15j+2k B1
XQ = 1AG soi M1
8 4
A=23 - XQ=—=i+10j+-k Al
3 3
(31
422. 9709 w16 _ms_11 Q: 11
Answer Mark Partial Marks
. dy 2 -2 . ..
(i) a=—(x—l) +9(x—5) MI1A1 May be seen in part (ii)
1 9
mtangent =_Z+Z = 2 B1
Equation of normal is y—5=-%(x-3) M1 Through (3, 5) and with
m=-1/ mfangent
x=13 Al
(51
S I ST B1 Set %=0and simplify
x—=5=(£)3(x—1) or (8)(x fxfz):O M1 Simplify further and attempt
solution
x=-1 or 2 Al
d’y 3 .
—Z:Z(xfl) -18(x-5) B1 If change of sign used, x values
dx
close to the roots must be used
) and all must be correct
When x= 1, d—f}l <0 MAX B1
y 8
When x =2, —5 75 >0 MIN B1
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423.9709 w16 _ms 12 Q: 7

Answer Mark Partial Marks
. dy _ -3 . N
@) == ——QF %2 B1 Blfor a single correct term (unsimplified)
dr - (2x-1) without x2.
B1
[2]
(i) e.g. Solve for — = 0 is impossible. B1 Satisfactory explanation.
[1]
dy -6
(iii) Ifx=2, o = ry andy =3 M1+ Attempt at both needed.
Perpendicular has m = % Mi1* Use of mm, = —1 numerically.
— y-3= %(x -2) DM1 Line equation using (2, their 3) and their m.
Shows when x=0 then y=0 AG | Al
[4]
dx
iv — =-0.06
(iv) Y
b _ Qx dx — 72><70.06:O>04 M1 Al
dr dx dt 3 2]
424. 9709 _wl6_ms 12 Q: 9
Answer Mark Partial Marks
5 4-6-6=-16 M1 Use of x,x; + ¥, . 2,2, on their OA4 & OB
\/ xt+yivzoor \/ X+ yitzl M1 Modulus once on either their 04 or OB
3x7xcosf=-16 M1 All linked using their 04 &OB
— §=139.6°0r 2.44° or 0.7767 Al
[4]
0
(i) AC=c—a=|8 B1
6
Magnitude = 10
15 0 0
Scaling — x|8|=|12 M1 For 15 x their unit vector.
theirlQ Al
6 9
[3]
2+42p
(iii) 6-2p B1 Single vector soi by scalar product.
5-p
— 22 +2p) +3(6—2p) +6(5—p)=0 M1 Dot product of (» 04 + OC) and OB=0.
— p=2% Al
[3]
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Answer Mark Partial Marks
f'(x)=3x*—6x-9 soi B1
Attempt to solve f'(x)=0 or f'(x)>0or f'(x)>0 soi M1
(3)(x —3)(x + 1) or 3,—1 seen or 3 only seen Al With or without
equality/inequality signs
Least possible value of n is 3. Acceptn =3. Accept n>3 Al Must be in terms of »
[4]
426. 9709 _wl6_ms 13 Q: 7
Answer Mark Partial Marks
(i) | AB.AC =3-2-1=0 hence perpendicular or 90° B1 3 — 2 -1 or sum of prods etc
must be seen
AB.AD =3+4-7=0 hence perpendicular or 90° B1 Or single statement: mutually
AC.AD =1-8+7=0 hence perpendicular or 90° B1 perpendicular or 90° seen at least
[3]| once .
(i) | Area ABC=(%)V3* + 12 +1% x /1 +(=2)" +(-1)’ M1
=vi11x6 Al Expect Y2 J66
Vol. = %x their AABC x \[I* + 4% + (-7)* M1
1
— =66 x~/66 = 11 Al Not 11.0
6
[4]
427. 9709 s15 ms 11 Q: 2
Answer Mark Partial Marks
y=2x*, X(-2,0) and P(p, 0)
(0] 1 M1 Al Attempt at base and height in terms
A= —x@2+p)x2p* (=2p*+p) 2] bh
2 of p and use of —
2
d4
(ii) — =4p+3p Bl cao
dp
dd d4 dp
—=—x—=0.02x20 = 04 M1 Al t meth
iy dl any correct method, cao
or %=4pd—p+3p2d—p
dt dt dt [3]
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428. 9709 _s15_ms_11 Q: 4

APPENDIX A. ANSWERS

[4]

Answer Mark Partial Marks
3 6 k
OA=| 0 |,OB=|-3|,0C=| -2k
-4 2 2k -3
(i) OA-OB=18-8=10 Ml Use 0fx1x2+y1y2+ Z1Zy
Modulus of 04 =5, 0of OB="7
Angle AOB = cos ™' (EJ aef M1 All linked with modulus
35 cao, (ifangle given, no penalty),
% or % Al correct angle implies correct cosine
(3]
3
(ii) AB=b-a=|-3 Bl allow fora—b
6
RP+4kr+ (2k-3P=9+9+36 Ml Correct use of moduli using their
AB
— 92 —12k—45(=0) DM obtains 3 term quadratic.
5 cao
— k=3 ork= "3 Al
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Answer Mark Partial Marks
y=x + px*
dy
i — =3x*+2px Bl cao
( & P
2p . .
Setsto0 — x=0 or — 3 M1 Sets differential to 0
3
— (0,0) or (_2_}9 4p j Al Al | cao cao, first Al for any correct
327 [4] | turning point or any correct pair of
x values. 2nd A1 for 2 complete
TPs
2
(ii) —{ =6x+2p M1 Other methods include; clear
demonstration of sign change of
gradient, clear reference to the
shape of the curve
At (0,0) —» 2p +ve Minimum Al WWW
2p 4p° ; Al
At | ———,—— | — —2p —ve Maximum
327 [3]
(iii) y=x+px*+px —»3x2+2px+p(=0) | Bl
Uses b —4dac Ml Any correct use of discriminant
—4p>—12p<0
— 0<p<3 aef Al cao (condone <)
(3]
430. 9709 s15 ms_12 Q: 2
Answer Mark Partial Marks
Radius of semicircle = 4B = rsind Bl aef
f 1 =
Area of semicircle = 1 mr3sin’0 = 4, BIY Uses 5 ar” with r = £(0)
Shaded area = semicircle — segment BI1B1 .
B1 (—sect B1 for + (t 1
=4y~ L7220+ Lpsin20 a7 | B (sector). Bl for = (triangle)
431.9709_s15_ms_12 Q: 4
Answer Mark Partial Marks
u=2x(y-x) and x+3y =12,
12-x .
u=2x 3 -x M1 Al Expresses u in terms of x
gy 8x2
=8x -3
d_” =8— @ M1 Differentiate candidate’s quadratic,
dx 3 sets to 0 + attempt to find x, or
) Al other valid method
=0whenx=13
—(y=3%) Al Complete method that leads to u

—>u=0

[5]

Co
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432. 9709 _s15_ms_12 Q: 9

Answer Mark Partial Marks
OA =2i+4j+ 4k and OB =3i+j + 4k
(i) OA.OB=6+4+16=26 M1 Must be numerical at some stage
|E4| = \/ﬁ, @’ = \/% Ml Product of 2 moduli
Cos AOB = 26 Ml All linked correctly
626
L, 3180 Al co
' [4]
1
(ii) AB =b-a=|-3 B1
0
2 3
OC=|4|+24B or |1 |+ AB Ml Correct link
4 4
4
oc=|-2
4
4
Unit vector ~modulus — % -2 M1 AL | + by modulus. co
[4]
4
(iif) ‘%‘ -6, ‘&‘ -6 Bl co
[1]

433.9709 s15 ms 13 Q: 5

Answer Mark Partial Marks
5 3 2
(i) AB=| -1|-| 2|=|-3 B1 Or BA,CB. Allow any combination. Ignore
-2 -3 1 labels.
6 5 1
BC=|1|-|-1|=|2 B1
2 -2 4
AB.BC=2-6+4 oe mustbe scen =0 M1 Could be part of calculation for angle ABC
hence ABC =90° Al AG Alt methods Pythag, Cosine Rule
[4]
(ii) |ﬂ§’ —14, FC*" =21 oe B1 At least one correct
Area = lﬂ V21 M1 Reasonable attempt at vectors and their
2 magnitudes
8.6 oe Al
[3] | Allow g
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434.9709_s15_ms_13 Q: 8

Answer Mark Partial Marks
(i) —(x+ 1)72 -2(x+ 1)73 MI1Al M1 for recognisable attempt at differentn.
Al —x —4x-3
3] Allow =X-=2%X=2 from Q rule. (A2,1,0)
(x+1)
ii x)< ence decreasing ep. on their (i) < 0 for x >
(ii) f! 0 h d i B1 D h i) <0 ft 1
1]
2
(i) | =l 2 _ger=2"=H=3_ M| sa o
1 dx
(x+1) (+ (x+1)
“OHD=2 g 1—2=00r M1 OR mult by (x+1)*or (x+1)° (i.e.xmult)
(x+1) Dep™ | multn — —(x+1) = 2(x+1)2 =0
—x*—4x-3=0
x=-3 y=-1/4 AlAl (3, —1/4) www scores 4/4
(4]

435.9709 w15 ms 11 Q: 5

Answer Mark Partial Marks
. dy 8
i) | —=——+2 cao B1B1
(i & 2
2
d—J; = % cao B1
dx®  x
(3]
8
(i) | ——+2=0-> 2x2 —8=0 M1 Set = 0 and rearrange to quadratic form
x
x=%2 Al
y=18 Al If AOAO scored, SCA1 for just (2, 8)
a2y \ Ft for"correct" conclusionif
W >0when x =2 hence MINIMUM B1+ &
£ Yincorrector
% owh 2 hence MAXIMUM B1 d?
A <@when x=-2 hence (5| |any validmethod inc.a good sketch
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436. 9709 w15 _ms_11 Q: 10

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(i) | PM=2i-10k + % (6j + 8Kk) oe M1 Any valid method
PM =2i+3j— 6k Al
+4/4+9+36 M1
1
Unit vector = —(2i + 3j — 6k) Al
7
(4]
(ii) | AT =6j + 8k, PT = ai + 6j — 2k soi B1 Allow 1 vector reversed at this stage.
(or TA and TP) (AM or MT could be used for AT)
(6j+8k).(ai + 6j— 2k)
(cos ATP) = M1
36+ 64Va’ +36+4
B 36-16
V36 + 64+/a® +36+4
20 Al Ft from their AT and PT
10va® + 40
2 2
————=— oe and attempt to solve M1
Va® +40
a=3 Al Withheld if only 1 vector reversed
(5]
ALT
Alt (Cosine Rule) Vectors (AT, PT etc.) B1
2 2
a” +36+4+36+64—-(100+a")
cos ATP = M1A1
2./(a* +40)4/100
then as above
437.9709 w15 ms 12 Q: 3
Answer Mark Partial Marks
(i) | tan 60 = % — x = h tan60 B1 Any correct unsimplified length
A=hxx M1 Correct method for area
V =40,/(3h*) Al ag
(3]
(ii) C(ii_: =80,/(3h) B1
a1 Bl
Ifh=5 —=—— or 0.289 M1Al M1 (must be +, not x).
dr 243 [3]
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Answer Mark Partial Marks
0 2 3
ﬁ =/ 21, O_B. = 5 |, &:’ = pl.
-3 -2 q
2 3 1
(i) AB=|3| AC p—-2 BC p-5 B1B1 Any 2 of 3 relevant vectors
1 g+3 qg+2
— p=6% and g=-1% B1 B1
[4]
(i) | 6+3p—-6+g+3=0 M1 Use of x1x3 +y 1242122 =0
— qg=-3p—3 Al
[2]
(iii) | AB>=4+9+1 AC*=9+1+(qg+3) M1 For attempt at either
— (g +3y=4
—g=—lor—5 Al Al
[3]
439. 9709 w15 ms 12 Q: 9
Answer Mark Partial Marks
" 12
f (x) = —
X
o | e 6 . .
O | F'x)=—— (+0) B1 Correct integration
X
3 .
:OWhenx:2—>c:5 M1 Al Usesx=2,f'(x=0)
6 3x . 3 .
fix)= — +7 (+4) B1¥'B1Y | For each integral
X
=10whenx=2 — 4=4 Al
[6]
" 6 3 . .
(i) | —— 5=0 — x=%2 M1 Sets their 2 term f '(x) to 0.
X
Other point is (-2, —2) Al
[2]
(iii) | Atx=2,f"(x)=1.5 Min B1
Atx=-2,f"(x)=—-1.5 Max B1
[2]
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440. 9709 w15 _ms_13 Q: 5

Answer

APPENDIX A. ANSWERS

Mark Partial Marks

@

(i)

—2p* +16p—24+2p* —6p+2
Set scalar product = 0 and attempt solution
p=2.2

4-2p=2(p—6) or p=2(2p—06)
-2 -4
p=4->04=| 2 OB=| 4
| 2

—— 2
‘OA‘ (22 +22 11 =3

ALT 1
Compare AB with 04 —10-3p=p—6or

6 — p=2p—6. Similarly cf AB with OB

ALT 2
(OA.0BY(|OA|X|OB]) = 1 or —1 —

10p—-22=4/5p*-36p +
7345 =16 p +20

—125p* —260p> +941p” —1448p +
976 =0— p =4
with O4.AB or OB.AB.

. Similarly

ALT 3
04 & OB have equal unit vectors. (Similarly
with 04 & AB or OB & AB.)
Hence
p—6
! 2p—=6

J5p* —36p+73 1

4-2p
1

T P
\SpT—=16p+20 2

N 1 _ 2
J5p7—36p+73  \[3p*~16p+20

—>15p* -128p+272=0
> (p—-4(15p-68)=0
— p=4(or68/15)

M1 Good attempt at scalar product

DM1
Al

[3]
M1

Al At least one of OA and OB correct

MI1AL
[4]

For M1 accept a numerical p

M1

M1

M1
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1 3 3
9(x_5—4x_1J=0 leading to 9x 2(Jc—4)=0

Question Answer Marks Guidance
2 s B1BI1
2%3 3 % d % may be seen as sums of 1 and a fraction.
[f(x) :JT_? [+¢]
3 3
5=12—-12+¢ M1 | Substituting (8,5) into an integral.
2 4 Al | Fractions in the denominators scores A0.
[f(x)=]3x3-2x3+5
4
442. 9709 _m21_ms_12 Q: 6
Question Answer Marks Guidance
@ a=1, &g B1
dx
de (de_dy) 1 1 M1 A1 | Chain rule used correctly.
—=[ —X—|=—X3=— Allow alternative and minimal notation.
dt \dy dt) 6 2
3
Question Answer Marks Guidance
(b) 6(3;\:72)72 B1B1
[v=] 5 +(3) [#e]
-3=-1+¢ M1 | Substitute x =1, ¥ = —3. ¢ must be present.
y= —(3x—2)’2 _n Al | OE. Allow f(x)=
4
443. 9709 m21_ms_12 Q: 11
Question Answer Marks Guidance
(@) 3

M1 | OE. Set y to zero and attempt to solve.

x=4 only

Al | From use of a correct method.

2

® d—y=9[—lx_% +6x_§J
2

3 3

1 - -
B2,1,0 | B2; all 3 terms correct: 9, *Ex *and 6x 2

B1; 2 of the 3 terms correct

()
9x 2| ——x+6[=0
2

i 1 6 9 M1 | Using their x = 4 in their differentiated expression
Atx=4 gradient= 9 7E+§ = g and attempt to find equation of the tangent.
Equation is y:g(x—zt) Al oryzgl_goE
8 8 2
4
M1

Set their dy to zero and an attempt to solve.
dx

Al | condone (i) 12 from use of a correct method.
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Question Answer Marks Guidance
(@ 1 1 B2,1,0 1 L
1 3 1 4y 2 4y 2
j’g x2—d4x 2 Y B2;allStermsc0rrect:9,T,7l
1 1 -2
B1; 2 of the 3 terms correct
8 M1 | Apply limits their 4 — 9 to an integrated
9 (6 + gj - (4 + 4) expression with no consideration of other areas.
6 Al | Use of w scores A0
4
444.9709_s21_ms_11 Q: 1
] Question Answer Marks \ Guidance
[y :] _i! 18 [+ c] B1 B1 | OE. Accept unsimplified.
X
1 M1 o 1 . . .
=8+ 3 +e Substituting 5,4 into an integrated expression
y= 1 +8x + 2 Al | OE. Accept —x~; must be 8; y = must be seen in
3 2 working.
4
445. 9709 s21 ms 11 Q: 11
] Question Answer Marks \ Guidance
(a) d_y =3 (3]{ N 4)79_5 -1 B1 B1 | Bl All correct with 1 error, B2 if all correct
dx
*MI1 | Substituti =4 nto a differentiated 1 d
Gradient of tangent = . and Gradient of normal = 4 u s ne 1o a ditlereihiated expression an
4 using mym, =-1
Equation of line is (v — 4) = 4(x — 4) or evaluate ¢ DM1 | With (4, 4) and their gradient of normal
Soy=4x-12 Al
5
o5 M1 d
® 3(3x+4) 1=0 Setting their L)
dx
Solvi fe = M1
olviig as latas x ‘Where % contains a(bx + .:’)m * a, b, c any values
0.5 Al
x==, y:2(3x£+4) —E:E
3 3
3
2 M1
© d_l; =—(3x 4.4)“'5 Differentiating their % OR checking %‘; to find +ve
dx
and -ve either side of their x= %
5 dy Al
At x= 3 F is negative so the point is a maximum
2
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] Question

Answer

Marks \ Guidance

(d)

Area=|[2(3x+4 * xde= 4 3x+41571x1
[ 5 2

B1 B1 | Bl for each correct term (unsimplified)

M1 | Substituting limits 0 and 4 into an expression obtained

4, s 1,0 4,5 256 _ 32
(5(16) -=(4) J—;(4) -5 by integrating y
16> Allg, 132
9
4

446. 9709 s21 ms 12 Q: 9

Question Answer Marks Guidance
Curve intersects y =1 at (3, 1) B1 | Throughout Question 9: 1 < their3 <5
Sight of x=3
Volume =[x (x -2)[dx] MI | M1 for showing the intention to integrate (x —2).
Condone missing = or using 2 m.
1., 1 2 Al | Correct integral. Condone missing n or using 2 z.
[m]| —=** —2x | or [x]| =(x-2)
2 2
52 their3? ) M1 | Correct use _of_‘the;r'r 37 and 5 in an integrated expression.
=[n] el 2x5 |- T 2% their3 Condone missing = or using 2 x. Condone +c.
Can be obtained by integrating and substituting between 5 and 2
5 3 .. . . and then 3 and 2 then subtracting.
= [Jt] 3 + 5 as a minimum requirement for their values
Volume of cylinder = mx12 x(5~their3)[=2m) B1FT | Or by integrating 1 to obtain x (condone y if 5 and their 3 used).
[Volume of solid=4n—2n=]2xn or 6.28 Al | AWRT
Question Answer Marks ‘ Guidance
Alternative method for Question 9
Curve intersects y =1 at (3, 1) B1 | Sightofx=3
Volume of solid = n[(x-2)-1[dx] M1 B1 | M1 for showing the intention to integrate (x —2)
B1 for correct integration of —1.
Condone missing = or 2z for M1 but not for B1.
1, 1 5 Al | Correct integral, allow as two integrals.
[7[] Ex —3x| or [“] E(I*S) Condone missing © or using 2 7.
52 their3? ] M1 | Correct use _of_‘the:r'r 3" and 5 in an integrated expression.
=[n] 7 3x5 |- — - 3Xtheir3 Condone missing n or using 2. Condone +c.
Can be obtained by integrating and substituting between 5 and 2
and then 3 and 2 then subtracting.
[Volume of solid =4 m - 2r=]2n or 6.28 Al | AWRT
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447.9709 21 ms_12 Q: 11

Question | Answer | Marks | Guidance
a, Ml
@ At stationary point % =0 so 6(3x2 —5)] -kx2* =0 Setting given % =0 and substituting x = 2 into it.
k=] 3 Al | OE
2
2
(b 6 4 1,3 Ml P - L
=|—(3x-3) —=kx" [+c]. Integrating (increase of power by 1 in at least one term) given —
[» 4)(3( ) Sk [l ALFT grating ( P ¥ ) given -
1 4 1 3
. Expect —(3x-5) ——x".
xpect _(3x-5) —-
FT their non zero k.
7 1 s 1.3 5 . DM1 | Using (2.-3.5) in an integrated expression. + ¢ needed.
-5 E(SXZ -5) _EXEX 2" +¢ [leading to -3.5+c¢=-3.5] Substitution needs to be seen, simply stating ¢ = 0 is DMO.
1 I Al | y = or f{x)= must be seen somewhere in solution.
y= —(3x— 5) —-—X
2 2
Question Answer ‘ Marks ‘ Guidance

(b) Alternative method for Question 11(b)

3 *M1 d )
[v :]%x‘ 7%x3 +675x” —750x(+¢) or-270x° 4% A1 FT | From ayzlézxa -810x* —kx? —1350x— 750 . FT their k

_T_ ﬂx 4 —ﬂx 2 L 6T5%2? —T50%2 4c DMI | Using (2, -3.5) in an integrated expression. + ¢ needed
2 2 2
y= Ef 54 B L6755 —TS0x 4+ 625 Al | y = or f{x)= must be seen somewhere in solution.
2 2 2
4
© [3X][18(3x, 5)2][,2;“] B2.1.0FT | FT their k.

Square brackets indicate each required component.
B2 for fully correct, B1 for one error or one missing component,
BO for 2 or more errors.

Alternative method for Question 11(c)

486x" —1623x+1350 or —1620x — 2kx B2.LOFT | FT their k.
B2 for fully correct, B1 for one error, BO for 2 or more errors.
2
(d) &y 5 M1 | OE. Substituting x = 2 into their second differential or other valid
[Ate=2] | == 54(3x2-5) 4k or 48 method.
[> 0] Minimum Al | WWW
2

448. 9709 21 _ms_ 13 Q: 1

] Question Answer Marks Guidance

[f(x) :] 2%3 +§ [+¢] B1 | Allow any correct form
x

7=16+4+¢ M1 | Substitute f{2) = 7 into an integral.
¢ must be present. Expect c =-13
Al = jeri
£(x)= 2348 13 Allow y=, f(x) ory can appear carlier in
x answer
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| Question Answer Marks Guidance
(a) dv 1 _4p 1 RN B1 B1 | Allow any correct unsimplified form
=X —okx
dx 2
1 0 1,5 30 . 1 9 1.5 3n M1 | OE. Set to zero and one correct algebraic step
Ex 7515 x77=0 leading to Ex :Ek X towards the solutions.
L must only have 2 terms.
dx
( &2 2 k) Al
4
B1 | OE
® Whenx:‘ikz,ﬂ: o1 |3
dx |4k 16k |16k
B1 k
y= YW IR OE. Accept 2k +—
2k 2 2
5k 3 5k 3 M1 | Use of line equation with their gradient and
Equation of tangentis y—— =——(x—4k?) or y=mx+c - —=—"—(4k?)+c
q gentis 77 16k( Jory 2 lék( ) (4k” their ) .
7k Al | OE
When x=0, y= ﬁ—iz E or from y=mx+c, c=—
2 4 |4 4
4
] Question Answer Marks Guidance
(c) ' . 3 . B1 | Any unsimplified form
— _ 2 —
.[[xl +kx 2 de:z%+ 2k x2
3 3 M1 9
[ﬂ + 413 J _ [&4, 35° J Apply limits ZkZ —4k? 1o an integration of y.
3 4
MO if volume attempted.
49%3 Al | OE. Accept 4.08 k*
12
3
450. 9709 w21 _ms_ 11 Q: 9
Question Answer | Marks Guidance
(a) f(x)=2x" ~Tx+4x [+c] B2, 1,0 | Allow terms on different lines; allow unsimplified.
—-1=2-7+4+c leadingto c=[2] M1 | substitute f{1) = —1 into an integrated expression and
evaluate c.
f(x)=2x" -Tx+4x7"+2 Al | OE.
4




966 APPENDIX A. ANSWERS
Question Answer | Marks Guidance
(b) 26 75 —4 [=0] M1 | Forms 3-term quadratic in x* with all terms on one side.
Accept use of substitution e.g. 2y —7y—4[=0].
(2x2 + 1)( - 4) [: 0] M1 | Attempt factors or use formula or complete the square.
Allow = sign errors. Factors must expand to give their
coefficient of x? or e.g. y. Must be quartic equation.
Accept use of substitution e.g. (2y+1)(y—4).
x= [i]Z A1 | If MO for solving quadratic, SC B1 can be awarded for
[£]2.
2.5 4 ) 14 B1 B1 | Bl Bl for correct coordinates clearly paired; B1 for each
5(2) -7(2)+ 3 +2  leading to [2’ 3 correct point; B1 B0 if additional point.
2 3 4 . 26
=(=2) -7(-2)+—+2 leading to -2, —
[Se2r-n00+ so] (-2.%)
5
© | £ (x)=4x+8x7 Bl | OE
1
Question Answer | Marks Guidance
(@ £7(2)=9>0 MINIMUM at x = their2 B1FT | FT on their x = [%]2 provided £”(x) is correct.
Must have correct value of £”(x)if x=2.
£'(—2)=—9<0 MAXIMUM at x = their —2 B1FT | FT on their x =[+]2 provided £"(x) is correct.
Must have correct value of £(x)if x=-2.
Special case: If values not shown and BOBO scored, SC B1
for £(2)>0 MIN and £"(-2) <0 MAX
Alternative method for question 9(d)
Evaluate f'(x) for x-values either side of 2 and —2 M1 | FT on their x = [*]2
MINIMUM at x = their 2, MAXIMUM at x = their2 ALFT | FT on their x = [£]2 . Must have correct values of f'(x) if
shown.
Special case: If values not shown and MOAO scored SC B1
f'(2) —/0/+ MIN and f'(=2) +0/— MAX
Alternative method for question 9(d)
Justify maximum and minimum using correct sketch graph B1 B1 | Need correct coordinates in (b) for this method.
2
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451. 9709 _w21 ms 11 Q: 10
Question Answer Marks Guidance
(@) (3x— 2)% B2, 1,0 | Attempt to integrate
— 1+ {3
-1/2 3
_%[0 _1] M1 | M1 for applying limits 1 — < to an integrated expression
(either correct power or dividing by their power).
2 Al
3
4
(b) o (3x— 2)*1 *M1 A1 | M1 for attempt to integrate 1* (power increases): allow 1
[m]ly?de =[x]](3x-2) dx:[n]? error. Al for correct result in any form.
1M1 DM1 | Apply limits 1 and 2 to an integrated expression and
[a]| | -1 subtract correctly; allow 1 error
6] 16 Y :
St Al | OE
32
4
Question Answer Marks Guidance
() dy 3 M1 | M1 for attempt to differentiate (power decreases); allow 1
—=-=x3(3x-2)2 error.
dy 9 *M1 | Substitute x = 1 into their differentiated expression; allow 1
Atx=1, —=-=
& 2 erTor.
DMI1 | F tion of li aluat ing (1, 1) and
[Equation of normal is] y—1 :E(x— 1) OR evaluates ¢ orms equation of line or evaluates ¢ using (1, 1) an
9 gradient -
their <
dx
AtA 7 Al | OE e.g. AWRT 0.778; must clearly identify y-intercept
. V= 9
4
452.9709_w21 _ms_12 Q: 4
Question Answer Marks Guidance
8 "Bl | For (3x+2)7
3
y=- [+€]
(3x+2) DB1 8
For ——
3
8 M1 o 23 . . .
3 Substituting | 2, 55 into their integrated expression —
3 (3X 2+ 2) defined by power = -1, or dividing by their power. + ¢ needed
8 Al 8 =
=— +6 OEeg y=—=(3x+2) +6
Y77 (3x+2) =73 ( )
4
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453.9709_w21_ms_12 Q: 11

APPENDIX A. ANSWERS

| Question Answer Marks Guidance
(a) dv 1 + 1 B1 | OE. Allow unsimplified.
B
&2 5 )
*M1 | Substituting x = 3 into their differentiated expression —
Attempt at evaluating their ﬂ atx=3| —+ 1 — El defined by one of 3 original terms with correct power of x.
dx 6
3(3-2)5
*
Gradient of normal = i [: 75] DM1 Negative reciprocal of their evaluated b .
their® 5 dx
eir—
dx
. . DM1 | Using theii al gradient and A in the tion of
Equation of normal y — g = (their normal gradient )(x -3) strsal;lgght E;?:lorm gradient and 4 i the equation ol a
6 Dependent on *M1 and *DM1.
[y = —Ex+ 48=>5y=-6x+ 24}
[Wheny=0,]x=4 Al |or (4,0)
5
] Question Answer Marks Guidance
(b) M1 | For intention to integrate the curve (no need for limits).
Area under curve = | l T+ l _ 1 [dr] Condone inclusion of « for this mark.
1
210 oy
2 Al | For correct integral. Allow unsimplified.
lxz + lx _ 3(" - 2)3 Condone inclusion of « for this mark.
4 10 2
2 M1 | Clear substitution of 3 and 2.5 into their integrated
2+ 2 173 | 625 +175- 3x0.5% expression (with at least one correct term) and subtracting.
4 2 4 2
0.48[24] Al | If M1AIMO scored then SC B1 can be awarded for correct
answer.
[Area of triangle =] 0.6 B1 | OE
[Total area =] 1.08 Al | Dependent on the first M1 and WWW.
6
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f’(lO)[:—(S -3)? %J <0 - MAXIMUM

Question Answer Marks Guidance
a 1 1 M1
@ J'[E _y2_ x’EJ dx OR as 2 separate integrals I[%—xm )dx —I(x’m)dx
2
5 5 3 1 Al Al A1 | If two separate integrals with no subtraction SC B1 for
Ex —gxz {-H2x2 each correct integral.
DM1
(10 16 _4) _[E L _1] Substitute limits% — 4 at least once, must be seen.
3 8 12
1125 Al | WWW. Cannot be awarded if m appears in any integral.
= orl.
6
() dy 1 —; B1
= =|-=x
dx 2
Whenx= 1= % M1 | Substitute x =1 into a differential.
i i —1= - M1 —
[Equation of normal is] y ~1=2(x~1) Through (1, 1) with gradient L or 1-r lp =2
m
[Whenx=0]p=-1 Al | WWW
4
455.9709_w21_ms_13 Q: 10
Question Answer Marks Guidance
@ f'(:\:):f(%erk)_3 B1
£(2)>0 = ~(1+&)7 >0 M1 | Allow for solving their £"(2)>0
k<—1 Al | WWW
3
(b) 1.2yt B1 B1 -1 ~
[f(x) :J-((%x_g,)—z _(_2)—1) dx:} (3x-3) {_i} Allow —2(%x+k] OE for 1Bl and —(1+k)” x OF
-1x1 4
for 2* Bl
31=1-1+c M1 | Substitute x=2, y = 31 into their integral with ¢ present.
-~ Al | OE
f(x) =2 —Fy3
0e-3)
4
(c) (lx _ 3)*2 _ (_2)72 -0 M1 | Substitute & =—3 and set to zero.
2
i Ly 3V =4 [Ly_3= i — Al
leading to (1x-3) =4 [zx 37(i)2] leading to x=10
(10,-1) Al | Orwhenx=10,y=-1-24 +3=-1
Al | WWW
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456. 9709 _m20 ms_12 Q: 3

APPENDIX A. ANSWERS

Answer Mark Partial Marks
(m)(y-1)dv *Ml1 | SOI
Attempt to integrate x* or (y—1)
2 Al
y
)| ——
(0] 5]
25 1 DM1 | Apply limits 1 — 5 to an integrated expression
(m)|| ==5]-|=-1
2 2
8mor AWRT 25.1 Al
4
457.9709_m20_ms_12 Q: 10
Answer Mark Partial Marks
a, 1 M1 | SOL
@ 2(a+3)2-a=0 v
Set & =0 when x = a. Can be implied by an answer in terms of a
4(a+3)=a® 5a® —4a-12=0 M1 | Take a to RHS and square. Form 3-term quadratic
(a — 5) (a + 2) S a=6 A1 | Must show factors, or formula or completing square. Ignore a =2
SC If a is never used maximum of M1A1 for x=6 ,with visible
solution
3
® | g 4 Bl
y 2
e (x+3) -1
2 MI1A1 | A mark only if completely correct
Subtheira—>d—f:l—lz—g(ors’.o)aMAX 2
d= 3 3 If the second differential is not -3 correct conclusion must be
drawn to award the M1
3
© 2xt3) B1B1
(92 Lo (v
2
. 4, 3 M1 | Substitute into an integrated expression. ¢ must be present.
Sub x = their aand y = 14 ﬂ14:§(9)2 —18+¢ Expect c =—4
3 Al =
y:i(x+3)571x274 Allow f(x)=....
3 2
4
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(2 . . 8 M1
Sunultaneous equations =4 - Yx
x+2
x=0 orx=6—4(0,4)and B (6, 1) B1Al
= Bl
AtC 8§ _ L —-C(2,2)
(x+2)2 2
. . . . MiAl
(B1 for the differentiation. M1 for equating and solving)
6
M1
® Volume under line:n_[(f§x+4)ldx :n|:372x3+16x} =(42m) A21
(M1 for volume formula. A2,1 for integration)
2 Al
8 -64
Volume under curve = TI:I dr =x = (24m)
x+2 x+2
Subtracts and uses 0 to 6 — 187 MI1A1l
6
459. 9709 _s20_ms_12 Q: 8
a 36 *M1
® Volmne:n]xzdy:n[—zdy
¥y
[—36} Al
=gl =22
¥
Uses limits 2 to 6 correctly — (121) DM1
Vol of cylinder = m.12.4 or Ill.dy =[y]from2to6 M1
Vol=12n—4n=28n Al
5
® |- B1
dx  x?
-6 M1
—=2-x=3
x2
6 . Al
y=—== 23 Liesony=2x
NG
3
460. 9709 520 ms_ 13 Q: 2
i 3 B1B1
3x*  3x?
(%)== (+)
2 2
7=16-12+c¢ M1
(M1 for subsituting x = 4, y = 7 into their integrated expansion)
Al

y=2x1—6x 43
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APPENDIX A. ANSWERS

. B1
@ d—y:3x2 —dbx+b*
dx
3x7 —dbx+b7 =0 = (3x-b)(x-b) (=0) M1
x= é or b Al
3
Al
a :g — b=3a AG
Alternative method for question 11(a)
B1
_ 3x% —dbx+b”
dx
M1
Sub b = 3a & obtain % =0 when x = a and when x = 3a
2 Al
‘;x—f =6x—12a
<0 Max atx =a and > 0 Min at x = 3a. Hence b = 3a AG Al
4
(®) Area under curve = I(x3 —6ax” + 9a2x)dx M1
4 2.2 B2,1,0
PN L
4
4 4 f 4 M1
PR
4 2 |4
(M1 for applying limits 0 — «)
When x = a, y=ai—6a3+9a3=4aj B1
. 1 L3 M1
Area under line = 3 axtheir 4a
4 Al
Shaded area = 29 _24* = 34
4 4
7

462. 9709 w20 ms_ 11 Q: 2

Answer Mark Partial Marks
_ B1B1
(y=) [—(x—S) 1}[4—%352} (+c)
_ M1 | Substitute x =2, y =7 into an integrated expansion (¢ present).
T=1+2+c =
Expectc=4
a1, Al | OE

y=—(x-3) o +4
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463. 9709 w20 _ms_11 Q: 12

Answer Mark Partial Marks
(@ L B *M1 ) s
4x? —2x=3-x —>x—4x? +3(=0) 3-term quadratic. Can be expressed as e.g. u” —4u+3 (=0)
L 1 DM1
x?=1| x2 =3 |(=0) or (u—1)(u—-3)(=0) Or quadratic formula or completing square
L Al
x2=13 SOI
x=19 Al

Alternative method for question 12(a)

e =M1 :
1 5 1
{4“"2 } =(3+x) Tsolate x?
l6x=9+6x+x> — x’-10x+9 (=0) Al 3.term quadratic
(x ~1)(x- 9) (= U) DM1 | Or formula or completing square on a quadratic obtained by a
correct method
x=19 Al
4
d *B1
(b) Y _ 222
dx
d DB1
ay or 2x""? =2 =0when x =1 hence B is a stationary point
2
© 1 M1 h 1
Area of correct triangle = 5 ©9-3)x6 or I(S —x)(dx) :{sxfaxz}a ~18
3
3 B1B1
. 3
= 4 2
[(4x2 - 2x)(dx) = % —x*
2
64 M1 o . .
(72 - 81) - ( 5 16 Apply limits 4 — their 9 to an integrated expression
_14% Al | OE
Shaded region = 18-144=32 Al | OE
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APPENDIX A. ANSWERS

Answer Mark Partial Marks
(a) £1(4) 5 *ML | Substituting 4 into £'(x)
2
(Q7QXE [dl -3 om DML | Multiplies their £'(4)by 0.12
dr de dr dr 2
Al | OE
[d_v =103
dr
3
(b) 1 1 B1B1 | Bl for each unsimplified integral.
2 2
L L )
1
2 2
Uses (4, 7) leading to ¢ = (-21) M1 | Uses (4, 7) to find a ¢ value
1 _t g Al | Need to see y or f(x) = somewhere in their solution and 12
yor f(x) =12x2 +8x 2 =21 or 12&4—@—21 and 8
4
465. 9709 w20 ms_12 Q: 10
Answer Mark Partial Marks
(a) dy 8 B2, 1, 0 | B2 for all three elements correct, B1 for two elements
(a) =18] ><[(3 - 23’)_3]+ [—1] ZW*I correct, BO for only one or no elements correct.
&y 48 B1 FT | FT providing their bracket is to a negative power
— =-3x8x(3-2x)""x(-2) =—
® (3-2x)
fde = [G- 207 2 = (1 [ %] (+0) ( 1 1, J B1 B1 B1 | Simplification not needed, B1 for each correct element
=[(3— =(-1x — - =——=X +C
u 3-2x 2
6
() d M1 | Setting their 2-term differential to 0 and attempts to solve
EyZO—>G—2x3=8—>3—2x=k—>x= e far a5 1=
1 Al
2
Alternative method for question 10(b)
2 5 M1 | Setting v to 0 and attempts to solve a cubic as far as x =
(G- 2x) —x=0-(x=2)(2x=1)’ =0 x= (3 factors needed)
1 Al
2
2
(c) 1), M1 | Using their integral, their positive x limit from part (b) and
o 1 2 1 0 correctly.
Area under curve = their . > | 71322%0 -0
3-2x [ 7J B
2
1 Al
24
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975

Answer Mark Partial Marks
(@) -2 B1 | mtegrate f(x). Accept -2(x +2)71 . Can be unsimplified.
x+2
0 2 2 M1 A1l | Apply limit(s) to an integrated expansion. CAO for A1l
3) 3
3
(b) -l=-2+c¢ M1 | Substitute x=-1,y=-1 into their integrated expression (c
present)
y= -2 +1 Al | Accept y= —2(x+ 2)’1 +1. -2 must be resolved.
x+2
2
467. 9709 w20 ms_13 Q: 10
Answer Mark Partial Marks
(a) dy [« P +([0D B2,1,0 ([0]) implies that more than 2 terms counts as an error
dv | 2k 2
M1
Sub g:3 when Jc:l Expect 3:1—4
dx 4 k
Al
k= 1 (or 0.143)
7
4
(b) 302 B2,1,0 | OE
(1302 gy +i2 - | +[2x“]+ iz
k k 3k k
2 2 M1 2
[%.;. 2%+ 1} _[f_z.;. k+ %) Apply limits %% k* to an integrated expression.
Expect lkz +hk+ 3
12 4
7 3 13 M1 13 N .
B tk+s=" Equate to — and simplify to quadratic.
12 4 12 4 12 plify o q
OE, expect 7k” +12k -4 (=0)
Al - = i
=2 only (or 0.286) Dependent on (7k —2)(k+2) (=0) or formula or completing
7 square.
5

468. 9709 _m19 ms 12 Q: 2

Answer

Mark Partial Marks

v=Yk' -2 (+c)

M1A1 | Attempt integration for M mark

Sub (0, 2) DM1 | Dep on ¢ present. Expect c=2
Sub (3,-1) — —1=9k -9+ theirc¢ DM1
k=2/3 Al
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469. 9709 _m19 ms_12 Q: 9

APPENDIX A. ANSWERS

Answer Mark Partial Marks
® V:(;r)[(x3+x2)(dr) M1 | Attempt [ y*dx
4 33 Al
] 50
4 3]
DM1 | May be implied by a correct answer
(ﬁ){ﬁw (4;)] v e IpRea Y
4
1177 Al | Accept91.9
4 oe If additional areas rotated about x-axis, maximum of
MIAODMI1AO
4
(@i dv :l(xs g ]-“2 x(3x1 4 Zx) B2,1,0 | Omission of 3x* + 2x is one error
dx 2
(Atx=3)y=6 Bl
11 11, DBL1ft | Fton their dy/dx providing differentiation attempted
Atx=3, m=—x—x33= — soi
26 4
. . 4 DMI1 | Equation through (3, their 6) and with gradient —1/their
Equation of normal is y76:7ﬁ(x—3) mq eh ( ) g
1 Al
Whenx=0,y=7— oe
11
6
470. 9709 _s19 ms 11 Q: 10
Answer Mark Partial Marks
i d: B1
@ integrating — i =x2—5x (+¢)
dx
=0whenx=3 M1 | Uses the point to find ¢ after f=0.
c=6 Al
. . . 3 5x2 B1 | FT Integration again FT if a numerical constant term is
integrating again — y = I 5 6x (+d) present.
use of (3, 6) M1 | Uses the point to find d after [ = 0.
d=1% Al
6
ii B1
@ & sei6-0or=2
dx
1
1ii 2 Bl | www
(i) x=3, d—y:I and/or +ve Minimum.
dxz
2
x=2, d—y =-1 and/or —ve Maximum
de
PR Y i dy Bl | www
May use shape of “ +x° * curve or change in sign of o SC: x=3. minimum, x = 2 , maximum, B
2
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Answer Mark Partial Marks
i 3 B1
@ 3x—Yax (1+4x)2
d 3 B1 | Must have “x 4°
D o3 (1+4x) 2 x4
dx
2 . . 9 M1 | Use of mymy =—1
Ifx=2,m= e Perpendicular gradient = 3 se ot
. . 9 M1 | Correct use of line eqn (could use y=0 here
Equation of normal is yflza(x72) ean ( i )
Al | AG
Put y = 0 or on the line before — %
5
(if) 2 f B1 B1 | Correct without “+4°. For 2nd B1, +4°.
Areaunderthecurve:_[ 3 de= M+4
S 1+4x 1
2
Use of limits 0 to 2 — 4% — 1% M1 | Use of correct limits in an integral.
3 Al
2 1 279 M1 | Any correct method.
Area of the triangle =% x 1 x = = = or attempt to find j [7xfsjdr
9 9 16/9 2
1 g Al
Shaded area=3 — — =2—
9 9
6
472.9709 s19 ms 12 Q: 3
Answer Mark Partial Marks
6] dy 7@)(9 7005 M1 | Multiply numerical gradient at x = 2 by +£0.05.
dr de dt ’

—0.35 (units/s) or Decreasing at a rate of (+) 0.35

Al | Ignore notation and omission of units

(ii) ()= % . ix (+) 0e

Bl | Accept unsimplified

Uses (2, 9) in an integral to find c.

M1 | The power of at least one term increase by 1.

4
c=3o0r(y=)—+— +30e
(y )4 X

Al | A0 if candidate continues to a final equation that is
a straight line.
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473.9709_s19_ms_12 Q: 11

APPENDIX A. ANSWERS

Answer Mark Partial Marks
i 1 3 B1B1B1 | Bl B1 for each, without x 4. B1 for x4 twice.
® &_ l(4x+1) 2 | [x 4] —2(4x+1) 2 | [x4]
de |2 2
SC If no other marks awarded award B1 for both
2 18 8x—-16 powers of (4x +1) correct.
el Sor 3
vax (\)4x+l) (4x+1)2
3 1 B1B1B1 | Bl B1 for each, without + 4. B1 for +4 twice.
4x+1)2 9(4x+1)2 + C not required.
fte= | LR gy | 2O !
2 2
3 SC If no other marks awarded , B1 for both powers
Jax+1 ’
¥+§( f4x+1)(+C) of (4x +1) correct.
6
ii M1
& % =0 — Jz_ - L} =0 Sets their % to 0 (and attempts to solve
4x+1 (4x+1)2
4x+1=9or(4x+1)>=81 Al | Must be from correct differential.
x=2,y=6o0rMis (2, 6) only. Al | Both values required.
Must be from correct differential.
3
(iii) Realises area is [y dx and attempt to use their 2 and sight of 0. *M1 | Needs to use their integral and to see ‘their 2°
substituted.
o 1 DMI1 | Uses both 0 and ‘their 2° and subtracts. Condone
Uses limits 0 to 2 correctly — [4.5 + 13.5] — [g +4.5](=13%) wrong way round.
(Area=) 1% or 1.33 Al | Must be from a correct differential and integral.
3 | 13% or 1% with little or no working scores
MI1DMOAQ.
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Answer Mark Partial Marks
i 1 1 Bl | oe
® [f(Sx +4)2 }
2
d 1 1 B1 | Must have ¢x3°
D a4y | x3 ust have
dv |2
d B1
Atx=4, e :E soi
de 8
M1 | Ify#4i d then cl ide f substitution of x=4 i ded
Line through (4, theird) with gradient theirg y# 4 is used then clear evidence of subs on of x=4 is neede:
Al
Equation of tangent is y—4:§(x—4) 0ry:§x+% ¢
5
ii B1 4
@ Area under line :l{4+zjx4:13 OR J‘EJH—E: 30,5, =[3+10]=13
EAN 282 160 2
1 (3x+ 4)3/1 B1B1 | Allow if seen as part of the difference of 2 integrals
Area under curve: [(3x+4)2 = 3o [+3] First B1 for integral without [+3]
Second B1 must have [+3]
128 16 112 124 M1 | Apply limits 0 — 4 to an integrated expression
9 9 9 9
Al
Area=13— 12i =3 (or 0.556)
9 9
Alternative method for question 10(ii)
Area for line=1/2 x4 x3/2=3 B1 E 1 , 1
OR | —(8y—-20)=—| 4y -20|=2|-16+25|=3
5!23(:1 )=[ 47 -20]=] ]
3 B1B1
Area for curve = [ 24y? —4) = {%} - ‘:%}
64 16 8 8) 32 M1 | Apply limits 2 — 4 to an integrated expression for curve
9 3 {9 3)7 9
Al
Area= 273 =3 (or 0.556)
9 9
5
(iii) dy 1 B1
de 2
1 M1 _1
E(3x+4) :=1 Allow M1 for 3(33:+4) 2=12.
2 2 2
1 5 Al
(3x+4)2=3 — 3x+4=9 — x=7oe
3
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475.9709_ w19 ms 11 Q: 9

APPENDIX A. ANSWERS

Answer Mark Partial Marks
@ y=[(5x-1)"2 =2 =5] [-2x Bl
y=tsx-y? 53 o] [-20 B1
27 M1 | Substitutex=2,y=3
3=———-4+c
(3/2)x5
2(5x—1 3 Al
—-1)2
_, 1817 e Chind) RPN 14
5 15
ii 2 2 -2 B1
@ @yrae [u(se-1"] [x] o
iii 112 _ _ MI1A1 d i
(i) (5x-1)"-2=0 — 5x-1=4 Setl:(]andattemptsolutlon(Ml)
x=1 dx
Al
pot , 173 012.47or(1,£J
25 5 15 15
2 Al | OE
dy = 3 ><l :E (> 0) hence minimum
dx® 2 2 4
476. 9709 w19 ms 11 Q: 11
Answer Mark Partial Marks
(i) (y=) (x+ 2)1 1 B1 | 2nd B1 dependent on 2 in bracket
DB1
x+2=(+)(p+1)"? M1
.)5:72+(y+1)v2 Al
(ii) < :4+(y+1)_/+4(y+1)5 *M1AL | gor. Attempt to find x* The last term can be — or + at this
stage
) A2,1,0
2 4(y+1)
(@)1 (@)~ sy 220
2
DM1 | Apply y limits
(m) 15+2—ﬁ—(—5+l)
2 3 2
Al
8—“ or 8.38
3
477.9709 w19 ms 12 Q: 3
Answer Mark Partial Marks
) Bl | OE
ke kx
@9 S-S | ¢
——+1 -
2 2
Substitutes both points into an integrated expression with a ‘+¢” and M1 | Expecttosee—1=2k+cand4=4k+c
solve as far as a value for one variable.
k=2%andc=-6 Al | WWW
Al | OE

y=5Jx-6

From correct values of both k & ¢ and correct integral.




478.9709_w19 ms_12 Q: 10

Answer

Mark

981

Partial Marks

%: [o]+ [(2x+1)”] % [+ 16]

B2,1,0

OE. Full marks for 3 correct components. Withhold one mark
for each error or omission.

[ ydy = [x] +[ (2x+ 1)71}< [ +2] 0 B2,1,0 | OE. Full marks for 3 correct components. Withhold one mark
for each error or omission.
4
(i) |Atd x="'%. B1 | Ignore extra answer x = —1.5

:x_y = 2 —» Gradient of normal (=-%:)

*M1

. .- dh
With their positive value of x at 4 and their Ey , uses

mym; =—1

Equation of normal:
y-0=—"Y(x-")ory-0=-"2(0-"5)or0=—1x%a+c

DM1

Use of their x at A and their normal gradient.

B(0,4)

Al

(i) | !

fl,%
o (2x+1)

*M1

) vdx SOI with 0 and their positive x coordinate of 4.

9
Total area of shaded region = e

[Y2+1]-[0+2]=(-%) DMI1 | Substitutes both 0 and their % into their [ydx and subtracts.
. . 1 B1
Area of triangle above x-axis =% x ¥ = ¥ [ E]
Al | OE (including AWRT 0.563)

Alternative method for question 10(iii)

[ @)
2y

*M1

1
[ xdy SOL Where x is of the form k[l—y} 2 +CJ with 0 and

their negative y intercept of curve.

[-2] {AH ﬂ = (%)

DM1

Substitutes both 0 and their —3 1nto their dey and subtracts.

11
——x+——ydx
2T

© eyt

1 B1
Area of triangle above x-axis = %2 x ¥ x % [_E]
. 9 Al | OE (including AWRT 0.563)
Total area of shaded region = 6
Alternative method for question 10(iii)
*M1 | J(their normal curve) with 0 and their positive x coordinate

of A.

Curve [% + 1] - [0+ 2] = (-%)

DM1

Substitutes both 0 and their ¥: into their [ydx and subtracts.

© ey [

— 2 —
L Ly xS g (:L
2 4 4 4 16 8 16

Bl

Substitutes both 0 and %: into the correct integral and subtracts.

Total area of shaded region = %

Al

OE (including AWRT 0.563)
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479. 9709 w19 ms_13 Q: 8

APPENDIX A. ANSWERS

Answer Mark Partial Marks
@ 1 (2x-1) <2 0r 3(2x-1) <6 M1 | sol
2x-1<4 Al | SOI
1 5 Al Al | Allow 2 separate statements
—<x<=
2 2
4
(ii) 32 (3 B1B1
fx)=[3(2x-1)"" = 3 +(2)] [-6x] (+©)
Subsitute x = 1, ¥ = -3 into an integrated expression. M1 | Dependent on ¢ being present (¢ = 2)
fv) = (2x—1)f —6x+2 Al
4
480. 9709 w19 ms_ 13 Q: 11
Answer Mark Partial Marks
i _ B1
® d—y:—z(x—l) :
dx
. 1 M1 | m must come from differentiation
When x = 2, m = -2 — gradient of normal = ——
m
. . Al 1
Equation of normal is y—3="2(x-2)— y=tax+2 AG Through (2, 3) with gradient — . Simplify to AG
m
3
(i) (m)] 32 (dx). ()] v, (dx) *M1 | Attempt to integrate y* for at least one of the functions
o) f(Ax+2) or (1x?+2x+4 ALAL | A} for (1x42Y depends on an attempt to integrate this
2 4 2
~ form lat
(m)f((x-1)* +a(x-1)"+4) orm fater
(n)[ 2 ( 1y +2)3 or Lod sty 4\7} AlA1 | Must have at least 2 terms correct for each integral
3\2” 12 - -
1) a(x-1)"
m{u Rl }
-3 -1
- — DM1 | Apply limits to at least 1 integrated expansion
(n){18—20r3+4+8—(l+1+4]} {—1—2+12—(—1—4+8J} PPy & P
12 3 12 24 3
Attempt to add 2 volume integrals (or 1 volume integral + frustum) DM1
b4 { 71 +61}
12 24
7 111 Al | 2 1 -1 -1
13—mor —m or 13.9mor 43.6 7+4+8—[—+1+4) ——2+12—(——4+8J
8 8 3 12 24 3
8
481.9709_ml18 ms_12 Q:1
Answer Mark Partial Marks
B1B1

(»= % —3x (+c)

Sub (4,—6) -6=4-12+c — c=2

MI1A1 | Expect (y)=2x" —3x+2




482. 9709 ml18 ms 12 Q: 11

983

Answer Mark Partial Marks
1) dy/dx= [72] 7[3(1 B 2x)2]x[72] (=4-24x+24x%) B2,1,0 | Award for the accuracy within each set of square brackets
Atx=' dv/dx =-2 B1
Gradient of line ¥ =1—2x is -2 (hence 4B is a tangent) AG Bl
4
Answer Mark Partial Marks
(if) . “ 4 3 M1 | Note: If area triangle OAB — area under the curve is used the first
Shaded region = j(l —-2x)- I[l— 2x—(1-2x)"] oe part of the integral for the area under the curve must be evaluated
0 o
% , Al
= [(1-20)dx AG
o
2
(iii) 1-2x) *B1B1
Area= —( ) [7:72]
4
0-(-1/8)=1/8 DB1 | OR [1-6x+12x> —8x° =x—3x? +4x* —2x* (B2,1,0)
Applying limits 0 — %%
3

483. 9709 s18 ms 11 Q: 3

Answer

Mark Partial Marks

dy 12 -12
— M
2x+1

=2 (+0)

dr (2c+1)

B1 B1 | Correct without “ + 2. For “ +2". Ignore “c”.

Uses(1,1) — ¢=3 (— y= =6 +3)
2x+1

M1 A1 | Finding “c” following integration. CAO

Sets y to 0 and attempts to solve for x — x :% — ((% ,0)

DM1 A1
Setsyto 0. x= % is sufficient for Al.
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484. 9709 _s18_ms_11 Q: 10

APPENDIX A. ANSWERS

Answer Mark Partial Marks
y=x—2x+5x
i B1 | CAO
® Yoo acts
Using b2 —4ac — 16— 60 — negative — some explanation M1 Al | Uses discriminant on equation (set to 0).
or completed square and explanation CAO
3
(ii) m=3x*—4x+5 B1FT | FT providing differentiation is equivalent
dmn Sy dm
— =6x—4(=0) (must identify as —
™ =0 ¢ fy = )
_ 2 11 dy 11 M1 Al | Sets to 0 and solves. Al for correct m.
—Xx=Z,m==o —=—
3 3 dx 3
2V 11 11
Altl: m :3[;;__) =, m=— Altl: B1 for completing square, M1A1 for ans
3 3 3
Al 36 —4x+5-m=0. 5 —dac=0, m="1
23Xt —ax+o—m=0, 6" —4ac=0, m—? Alt2: B1 for coefficients, M1A1 for ans
2 M1 Al | M1 t method. Al h
ix—rf =6 +ve — Minimum value or refer to sketch of curve or correct metho (no errors anywhere)
check values of i either side of x = 2 .
5
Answer Mark Partial Marks
(iif) ¥ 2y 5y B2,1 | Loses a mark for each incorrect term
Integrate — ? - 3 + 2

Uses limits 0to 6 — 270 (may not see use of lower limit)

M1 A1 | Use of limits on an integral. CAO
Answer only 0/4

485. 9709 _s18_ms_12 Q: 9

Answer Mark Partial Marks
) 3 B1 B1 | B1 without + 4. B1 for + 4 oe. Unsimplified OK
2 2 (4x+1)2
y= 3 (4x+1)2 +4(+C) | =—7
Usesx=2,y=5 M1 | Uses (2, 5) in an integral (indicated by an increase in power by 1).
— =Y 0eisw Al | No isw if candidate now goes on to produce a straight line equation
4
@ | _dv ar
dx drdr
dx _ 0.06 = 3 M1 | Ignore notation. Must be 0.06+3 for M1.
da
=0.02 oe Al | Correct answer with no working scores 2/2
2
(iid) 2 ~ B1
‘;x—f =i (4x+1)" x4
BIFT | Must either show the algebraic product and state that it results in a

constant or evaluate it as ‘= 2°. Must not evaluate at x =2.

2

2
ft to apply only if ‘;L—y is of the form k(4x + I)JA
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486. 9709 _s18_ms_12 Q: 11

Answer Mark Partial Marks
[6))] e x +§ 4 v—20r6 B1 B1 | Inspection or guesswork OK
2 x
dv 1 6 B1 | Unsimplified OK
& 2«
Whenx=2,m=—1—x+y=6 M1 | Correct method for either tangent

1 1
Whenx=6,m= — —>y:§x+2

Attempt to solve simultaneous equations DM1 | Could solve BOTH equations separately with ¥ =x and getx=3
both times.

(3,3) Al | Statement about ¥ = x not required.

6
Answer Mark Partial Marks
ii 2 ™1 i 2 ’ i
(i) V=(n) !{x? .6 +ﬁ) () Integrate using 7t y2dx (doesn’t need 7 or cix). Allow incorrect
©
squaring. Not awarded for nf{4 —(%Jré)} dx.
X
Integration indicated by increase in any power by 1.
. x? 36 A2.1 | 3 things wanted —1 each error, allow + C. (Doesn’t need 7)
Integration — — + 6x——
12 X
. . . 1 160 DM1 | Evidence of their values 6 and 2 from (i) substituted into their
Using limits ‘their 2’ to ‘their 6’ (53 —n, — 7, 168 awrt) 16
3 3 integrand and then subtracted. 48 — (—?J is enough.

Vol for line: integration or cylinder (— 647) M1 % 6

Use of 772h or integration of 4° (could be from {4 {E +7J} )
x
Al
Subtracts — 10 % T oe (e.g.?ﬂ',?ﬁjawrt}
Answer Mark Partial Marks
(ii) OR

M1 "M1 | Integrate using 7] 3°dr (doesn’t need 7 or dx)
Integration indicated by increase in any power by 1.

V= (m I4Z—(1+§J (dv)
2 x

-@ _r167(£+ 6+ ﬁ) (o)
4 x>
3 A2.1 3
- [16x—(x—+6x—§ﬂ (@) or {mx—’iJrE}
12 x 12 x
=(n) (48 - 37%) DM1 | Evidence of their values 6 and 2 from (i) substituted

Al
= 10%7: oe (eg%ﬁ,BS.Sawrt)
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487. 9709 _s18_ms_13 Q: 4

APPENDIX A. ANSWERS

Answer Mark Partial Marks
2 B1B1
(3x-1)3 |
10)=| E 2 [43] o)
3
2 M1 | Sub y=1x=3 Dep. on attempt to integrate and ¢ present
3
l:8—+c
2
1 2 Al
c=-1— y:E(Sx—l)S -1 801
2 DMI1A1 | Dep. on previous M1
W'henx:(),y:l(—l}S -1 -1 ponp
2 2
6
488. 9709 s18 ms 13 Q: 11
Answer Mark Partial Marks
@) dy = Bl
—=2(x+1)—(x+1
Y et
Set =0 and obtain 2(x + 1)3 =1 convincingly www B1
& _ B1
E{:2+2(1+1) * www
) 1 M1 | Requires exact method — otherwise scores MO
_ 3
Sub, e.g., (x+1) *=2 OEor x:(EJ -1
&y Al | and exact answer — otherwise scores A0
? =6 CAO www
5
Answer Mark Partial Marks
(1) yzz(x+1)4+(x+l)’2+2(x+l) so1 Bl | or y":(x“+4x;+6x2+4x+1)+(2x+2)+(x+1)72
+17 1y 2(x+1V BIB1BI | Attempt to integrate y*. Last term might appear as (x* + 2x)
()l et = ()| S || G120+ D)
5 -1 2
x 4 3 2 2 1
OR (7)| —+x"+2x" +2x° +x +[x +2x]+{——
5 x+1
(7) 271+47 1 141 ML | gubstitute limits 0 —1 into an attempted integration of y2.
5 2 5 Do not condone omission of value when x =0
9.7r or 30.5 Al

Note: omission of 2(x+1) in first line — 6.7x scores 3/6

Ignore initially an extra volume, e.g. (i) ,[(4‘/2 )2 . Only take into
account for the final answer




489. 9709 w18 ms_11 Q: 6

987

Answer Mark Partial Marks
i — 2 M1
6 0=9a+3a sub ¥ _oandx =3
dr
a=-3 only Al
2
(ii) d 92 MI1AIFT i ; 3,22
aV: 3P 49x > y=—i +% (+c) ;2::1;1)[ integration. ¥ ax’ +%a’x” scores M1. Fton
9 =-27+40% +¢ DMI1 | Sub x =3,y=9%. Dependent on ¢ present
c=—4 Al 2
Expect y=—x° +%74
4
(1i1) d’y M1 | 24x+a® scores M1
W =—6x+9
dzy Al | Requires at least one of —9 or < 0. Other methods possible.
At x=3, ?2—9 <0 MAX www
2
490. 9709 w18 ms 11 Q: 7
Answer Mark Partial Marks
@ 2=K8-28+24) —k=1/2 Bl
1
(@) When v =35,y =[](125-175 + 60) =5 M1 | or solve [‘/z](x;77x2+12x):x:x:5 [x=0.2]
‘Which lies ony = x, oe Al
2
(i) I[l (X —7x% +12x) — x]dx M Expect | L X ’ x* +5x
2 ’ Pt T 2
14 75 5. B2,1,0FT | Fton their &
“xt——x +x
6 2
2-28/3+10 DM1 | Apply limits 0 — 2
8/3 Al
OR lx‘ B zxg L3y B2,1,0FT | Integrate to find area under curve, Ft on their &
8 6
2-28/3+12 M1 | Apply limits 0 — 2. Dep on integration attempted
2 M1
Area A="%x2x2o0r J.xdx:(‘/zxz] =2
[]
8/3 Al
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491. 9709 w18 ms_12 Q: 2

APPENDIX A. ANSWERS

Answer Mark Partial Marks
3 1 B1 B1 | Bl for each term correct — allow unsimplified. C not
2 2 B
Integrate — % +2IT (+C) required.
2 2
5 T M1 | Evidence of 4 and 1 used correctly in their integrand ie at
2 x2 40 14 least one power increased by 1.
3T T3 3
2 2 4
26 Al | Allow 8.67 awrt. No integrand implies use of integration
T3 oe function on calculator 0/4. Beware a correct answer from
wrong working.
4
492. 9709 w18 ms_12 Q: 11
Answer Mark Partial Marks
i _1 B2.,1,0 | Looking for 3 components
® o :{Ex(4x+1) 2 } [x4][-2] ( 6 —2} & P
dx 2 Vax+1
33 2x* B1B1B1 3
[ydy = [3(4“1)2 +5] [+41[- 7"'] +C) B for 3(4x+1) +% BI for +4°. B1 for f%
3 Ignore omission of + C. If included isw any attempt at
:(4x +1)2 2 evaluating.
2
5
ii M1
(i) At M, b 0— 6 =2 Sets their 2 term i to 0 and attempts to solve
dx Vax+1 dx
(as far as x = k)
x=2,y=5 Al Al
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Answer

Mark

Partial Marks

(iif)

3 2
Area under the curve = {% (4x+1)2 — xz]

0

M1 | Uses their integral and their ‘2’ and 0 correctly

(135-4)-0.50r9.5-05=9

Al | No working implies use of integration function on calculator

MOAO.

Area under the chord = trapezium =% x2 x (3+35)=8

B 2
or | +3x| =8
2 []

M1 | Either using the area of a trapezium with their 2, 3 and 5 or

| (their x + 3)dx using their ‘2" and 0 correctly.

(Shaded area=9—-8)=1

A

1 | Dependent on both method marks,

OR Area between the chord and the curve is:

2
[3Vax+T - 2x— (x+3)ax
0
2
= [3Vax+1-3x—3ax
o

M

1 | Subtracts their line from given curve and uses their ‘2° and 0
correctly.

A

1 | All integration correct and limits 2 and 0.

M

1 | Evidence of substituting their ‘2" and 0 into their integral.

Al | No working implies use of a calculator MOAO.

[4]

493. 9709 w18 ms_13 Q: 8

Answer Mark Partial Marks
® v=15 ax’ +1bx” —4x (+c) B1
11=0+0+0+¢ M1 | Subx =0, y=11 into an integrated expression. ¢ must be present
y=Yax’ + jbx’ —4x+11 Al
3
(i1) 4a+2b-4=0 M1 | Sub x=2,dv/dx=0
Y% (8a)+2b-8+11=3 M1 | Sub x=2, y=3 into an integrated expression. Allow if 11
missing
Solve simultaneous equations DM1 | Dep. on both M marks
a=3,b=—4 Al1Al | Allow if no working seen for simultaneous equations
5
494. 9709 w18 ms_13 Q: 10
Answer Mark Partial Marks
@ 3x 1) MI1A1A1 | Recognisable integration of y* (M1) Independent A1, Al
V:4(7r)f(3x—1)72’3dx = 4(7I)|:%:l[—3] for [ ][]
Hm)[2-1] DM1 | gypect 4(7r)[3x—1)’5
47 or12.6 Al | Apply limits % — 3. Some working must be shown.
5
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APPENDIX A. ANSWERS

Answer

Mark

Partial Marks

(if)

dv/de=(-2/3)(3x-1) " x3

Bl | Expect —2(3.1:71)4/3

When x=2/3, y=2 soi dy/dx=-2

B1B1

2nd B1 dep. on correct expression for dy//dx

Equation of normal is y—2="%(x-%)

M1 | Line through (%, their 2) and with grad —1/m. Dep on m from

diffn
Al
y=—X+=
5
495. 9709 ml17 ms 12 Q: 10
Answer Mark Partial Marks
® 2x-2/%*=0 M1 | Set=0.
x*=1=>x=1atAdcao Al | Allow 'spotted' x = 1
Total: 2
(i) f(x)=x>+1/x*(+c) cao B1
M1
% =16+1/16+¢ Sub (4, % ). ¢ must be present. Dep. on integration
c=-17/4 Al
Total: 3
Answer Mark Partial Marks
(iif) P +1/x7-17/4=0 = 4x* —17x7 +4 (=0) M1 | Multiply by 4x* (or similar) to transform into 3-term quartic.
(4xZ - 1)(;5Z — 4) (: 0) M1 | Treat as quadratic in x? and attempt solution or factorisation.
x=%, 2 A1A1 | Not necessary to distinguish. Ignore negative values. No working
scores 0/4
Total: 4
iv 3 B2,1,0" | Mark final integral
R T Y PRl o . &
3 x 4
(8/3-1/2-17/2)—(1/24-2-17/8) M1 | Apply their limits from (iii) (Seen). Dep. on integration of at least 1
term of y
Area= 9/4 Al | Mark final answer. | y* scores 0/4
Total: 4




496. 9709 _s17_ms_11 Q: 7

991

Answer | Mark Partial Marks
dl =7-x>—-6x
dx
i 3 2 B1 | CAO
@ y:?’x—x——6i (+¢)
3 2
Uses 3,—10) = ¢=5 M1 Al | Uses the given point to find ¢
Total: 3
(if) T-x—6x = 16—(x+3)° BiBIi | Bla=16Bl1b=3.
Total: 2
(iif) 16—(x+3)%>0 — (x + 3> < 16. and solve M1 | or factors (x + 7)(x— 1)
End-points x =1 or =7 Al
——7<x<1 A1 | needs <, not <. (SRx <1 only, or x > —7 only B1 i.e. 1/3)
Total: 3
497. 9709 s17_ms 11 Q: 10
Answer | Mark Partial Marks
[6)] dy —4 “3) B1 B1 | B1 without x(—3) B1 For x(—3)
— e —
de  (5-3x)°
Gradient of tangent = 3, Gradient of normal — % *MI1 | Use of mym, = —1 after calculus
1 DM1 | Correct form of equation. with (1, their y), not (1.0)
— equ: y—2=—§(x—l)
1 7 A1l | This mark needs to have come from y = 2, y must be subject
— V=—"Xx+
3 3
Total: 5
(i) Vol -1[ 16 Ml | Useof ¥ =7 y2dx with an attempt at integration
ol=n
0 ( - 3x)2
_16 A1l Al | Al without( + —3), A1 for (= —3)
T +-3
(5-3x)
16 16 87 M1 Al | Use of both correct limits M1
=(n| ——-—| )= — (if limits switched must show —to +)
6 15 5
Total: 5
498. 9709 s17_ms 12 Q: 6
Answer | Mark Partial Marks
R 16 M1~ | Use of volume formula at least once, condone omission of & and limits and
Vol:zj(S—x) dxfzj—dx dx.
x2
DM1 | Subtracting volumes somewhere must be after squaring.
(5-x)® B1B1 | B1 Without ~(—1). B1 for <( —1)
[(5-x)2dx = 1
(or 25x — 10x%/2 +14x%) (B2,1,0) | —1 for each incorrect term
B1
[ de __ 16
x? x
Use of limits 1 and 4 in an integrated expression and subtracted. DMI1 | Must have used*y™” at least once. Need to see values substituted.
— 9mor 28.3 Al
Total: 7




992

499. 9709 _s17_ms_13 Q: 10

APPENDIX A. ANSWERS

| Answer Mark Partial Marks
@) | Attempt to integrate ¥ =(7)[(y+1)dy M1 | Use of Jt in integral e.g. [(h+1)=%h*+h is M0. Use of [ y*dx is MO
2 Al
y
=(7)|—+
i Al | AG. Must be from clear use of limits 0— /& somewhere.
=x|—+h
Total: 3
(i1) J’( ¥ +1)1f1 dy ALT 6-— [( P —l)dx M1 | Correct variable and attempt to integrate
%(J’Jr 1)3’2 oe ALT 6 (% —x)CAO *Al | Result of integration must be shown
\ 8 1 DM]1 | Calculation seen with limits 0—3 for y. For ALT, limits are 1—2 and
7"/[871] ALT 6] 571 - 571 ] rectangle.
14/3 ALT 6-4/3=14/3 Al | 16/3 from % x8 gets DM1AO provided work is correct up to applying
limits.
Total: 4
| Answer Mark Partial Marks
Clear attempt to differentiate wrt 7 M1 dv
® P Expect E:ﬂ(thl).Allowh-*- 1. Allow h.
Derivative = 41 SOI *Al
2 . DM1
—————— . Can be in terms of
their derivative
Al
iorL or 0.159
4r 27
Total: 4
500. 9709 _s17_ms_13 Q: 11
| Answer Mark Partial Marks
@ f '(Jc):[(lchrl)”2 —:‘/z] [—:4] (+¢) B1B1 Expect ¥%(4x +1)1/2 (+c)
B1FT
f'(2)=0 = %Jrc =0 = c= —% (Sufficient) Expect ¥2(4x +1)U2 - % .FT on their f'(x)=k(4x+ 1)“2 +c.(ie.c=-3k)
Total: 3
i) | f7(0)=1 S0l B1
£'(0)=1/2-1%=-1 SOI B1 FT | Substitute x = 0 into their f'(x) but must not involve ¢ otherwise BOB0O
f{0)=-3 B1FT | FT for 3 terms in AP. FT for 3rd B1 dep on 1st B1. Award marks for the AP
method only.
Total: 3
(i) f(x)= [‘/z(4x +1)% 2372 =41 ‘/zx] (+k) gi ::i Expect (1/12) (4x+ I)M —1¥%x (+k).FT from their f'(x) but ¢ numerical.
-3=1/12-0+k = k=-37/12 CAO MI1A1 | Sub x =0,y =their £(0) into their f(x). Dep on cx & k present (¢ numerical)
.. 27 37 23 Al
Minimum value = f(2) = —-3-—=-— or—3.83
12 12 6
Total: 5




501. 9709 w17 ms_11 Q: 10

993

Answer Mark Partial Marks
@ 5 *Bl
Area :!"/z(x4 —l)dx:‘/z[i—x]
5
DM1A1 | Apply limits 0—1
'/{1—1}0 = (—)3 PPl s
5 5
3
(ii) Vol = 7[2dx = %(”) [(Is oyt +l)dr M1 | (If middle term missed out can only gain the M marks)
9 5 *Al
() X 27 +x
9 5
1 2 DM1
U(r)[| - -Z+1|-0
2 2]
Al
3z or 0.559
15
4
Answer Mark Partial Marks
(1ii) Vol =z[x’dy = (n')f(Zy + 1)”2 dy M1 | Condone use of x if integral is correct
372 *A1A1 3r2
2y+1 2v+1
(n)[%][—z] Expect (ﬁ){%il
1 DM1
-0
(=)]5-9]
T or1.05 AT apply ~2 50
3 oL pply —
5
502. 9709 w17 _ms_12 Q: 8
Answer Mark Partial Marks
@ dl =0 M Sets d—y to 0 and attempts to solve leading to two values for x.
dx dx
x=1,x=4 Al | Both values needed
2
Answer Mark Partial Marks
(i) Y oess B1
dx?
Using both of their x values in their ill 1: M1 | Evidence of any valid method for both points.
e
x=1—(3) — Minimum, x = 4 —(-3) — Maximum Al
3
(1i1) £ 5yl B2, 1,0 | +c not needed. —1 each error or omission.
y=—"—+"——4x (+c)
3 2
Uses x =6, y=2 in an integrand to findc — ¢ =8 M1 Al | Statement of the final equation not required.
4
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503. 9709 w17 ms_12 Q: 10

APPENDIX A. ANSWERS

Shaded area = »_ 12 =7.35,—OE
4 5 20

Answer Mark Partial Marks
(i) dy 1 _! 5 B1B1 | Bl Withoutx 5 B1 x 5 of an attempt at differentiation
—=—x(5x-1)2 x5 (=)
de 2 6
6 M1 | Uses mym, =—1 with their numeric value from their dy/dx
m of normal= ——
5
Al | Unsimplified. C =mx+c toget c=54 ISW
Equationofnom]aly—Szfg(x—Z) OE nsumpliiie anuse y=mx+c to get ¢
or 5y +6x=27or y:;6x+£
5 5
Answer Mark Partial Marks
(ii) EITHER: (B1 | Correct expression without +5
3
For the curve (f)mm: _ (5x;1)2 =5 B1 | For dividing an attempt at integration of y by 5
2
M1 Al
Limits from % to 2 used — 3.6 or % OE Using % and 2 to evaluate an integrand (may be | yz)
Normal crosses x-axis when y =0, — x= (4%) M1 | Uses their equation of normal, NOT tangent
. Al | Thi be obtained by integrati
Area of triangle = 3.75 or %0]52 s can be obtained by ntegration
Al
Total area=3.6 + 3.75 = 7.35, ﬂ OE )
20
OR: (B2,1,0 | —1 each error or omission.
For the curve:
1 1
N=(p+1)dy =2 =+
(307 +ar = S+»
M1 Al | Using 0 and 3 t luat ints d
Limits from 0 to 3 used — 2.4 or % OE sHig b an © evaluate an wmtegran
Uses their equation of normal, NOT tangent. M1 | Either to find side length for trapezium or attempt at integrating
between 0 and 3
Al | Thi be obtained by integrati
Area of trapezium = l(2+4‘/2)><3 :gowé S can be oblamed by mfegration
2 4 4
9 12 147 Al)
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995

Answer | Mark Partial Marks
1) EITHER: (M1 | Form 3-term quad & attempt to solve for vx.
4-33x=3-2x — 2x—3Vx+ 1 (=0) ore.g 2K-3k+1(=0)
Jr=11 Al | Or k=% or 1 (where k = Vx).
x=¥, 1 A1)
ORI: ™1
Gy =(1+2x)
4% —5x+1 (=0) Al
x=Y 1 Al
OR2: (M1 | Eliminate x
3y (4-yY > _
T,[T] (aly —7y+5(70))
5 Al
=1
v 2
x=t%, 1 Al
3
Answer | Mark Partial Marks
(ii) EITHER: ®1
Area under line = [(3—2x)dv =3x—x?
1 3 01 M1 | Apply their limits (e.g. ¥4 — 1) after integn.
=/ G-1) (4 16]
Area under curve = 1(4— 3x12 )(hr = 4x—2x"7 B1
[(4, 2),(1, %)] M1 | Apply their limits (e.g. ¥4 — 1) after integration.
Al
Required area = A 5.1 (or 0.0625) )
16 4 16
OR: (*M1 | Subtract functions and then attempt integration
1 1
+/—f(3—2x)—[4—3x2 ]:+/—!(—1—21+3x2)
, 307 A2,1, 0 FT | FT on their subtraction. Deduct 1 mark for each term incorrect
e R R
{ Y }
DM1 Al) | Apply their limits %4 — 1
we|c-re2-{ L LD L oro.0629) ) | Acely *
4 16 8 16
5
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505. 9709_wl7_ms_13 Q: 10

APPENDIX A. ANSWERS

Answer | Mark Partial Marks
@ ax2+bx:0—>x(ax+b):0—>x:%b B1
Find f”(x) and attempt sub their 2 into their f"(x] M1
a
When x:_—b,f"(x):ZG[_—b]+b:—b MAX Al
a a
3
(| subf'(-2) =0 M1
Sub f'(1) =9 M1
a=3 b=6 *Al | Solve simultaneously to give both results.
f'(x)=3x" +6x - f(x)=x"+3x" (+c) *M1 | Sub their a, b into f'(x) and integrate ‘correctly’. Allow
a’ + E(‘FC)
3 2
—3=-=8+12+¢ DM1 | Sub x=-2, y=-3. Dependent on ¢ present. Dependent also on a,
b substituted.
f(x)=x"+3x* -7 Al
6
506. 9709 _ml16_ms_ 12 Q: 2
Answer Mark Partial Marks
3x° 2x7?
- (+¢) B1B1
3 -2
3=—l+1+c M1 Sub x =—1,y=3. ¢ must be present
y=x"+x7+3 Al Accept ¢ =3 www
[4]
507. 9709 _ml16 ms 12 Q: 10
Answer Mark Partial Marks
(i) x=1/3 B1
1]
dy | 2
ii = —(3x-1)||3 B1B1
@ | L ieen|
dy .
Whenx =3 — =3 soi M1
dx
Equation of QR is y —4=3(x-3) M1
When y=0 x=5/3 Al
I51
1 3 1
(iii) Area under curve = (Bx=1)" || x= B1B1
16x3 3
1 32 1
—— (8 -0 == M1A1 Apply limits: their — and 3
oot 0 =3 PPy 3
Area of A=8/3 B1
Shaded area = 2.8 = 8 (or 0.889) Al
9 3 9 [6]
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508. 9709 _s16_ms_11 Q: 3

Answer Mark Partial Marks

x= 1—22 -2.

y
Vol = () x [ x* dy
N —144 +4y +ﬁ M1 Ignore omission of « at this stage

3y3 y 3 xAl Attempt at integration

Un-simplified
Limits 1 to 2 used Al only from correct integration
— 221
[3]

509. 9709 _s16_ms_11 Q: 4

Answer Mark Partial Marks
dy %
i —=2-8(3x+4
(@ =280+
dy
x=0,—» —=-2
( & )
Y =d—y><E — 0.6 M1A1 Ignore notation. Must be Y x 0.3
dr dx df 2] dx
8v3x+4
(i) y=1{2x} 1 +3: (+c) B1 B1 No need for +c.
2
x=0,y= 4 —c=12, M1 Al Uses x, y values after [ with ¢
3 [4]
510. 9709 _s16_ms_12 Q: 2
Answer Mark Partial Marks
" 8
S )=
(5 - 2x)
8(5-2x)" _
fx) = ———— + -2 (+¢) B1 Correct without (+ by —2)
-1 B1 An attempt at integration (+ by—2)
Usesx=2,y=7, M1 Substitution of correct values into
an integral to find ¢
c=3 Al
[4]
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511.9709_s16_ms_12 Q: 10

APPENDIX A. ANSWERS

Answer Mark Partial Marks
y= 8 +2x.
X
s dy -2 . .
(i) & =—8x"+2 B1 unsimplified ok
2
ixf — 16x73 Bl unsimplified ok

_ 4x3
[y2dx = —64x ' oet 32x oe + Tx oe (+¢)

3xB1 B1 for each term — unsimplified ok

[5]

(ii) sets % to 0 > x=42 M1 Sets to 0 and attempts to solve
—M(2, 8) Al Any pair of correct values Al
Other turning point is (=2, —8) Al Second pair of values Al
2 2
ix=—2, Y < M1 Using their S if k™ and x< 0
d-xz dx2
~Maximum Al
[5]
(iii) Vol=x x [ part (i) ] from 1 to 2 M1 Evidence of using limits 1&2 in
their integral of )* (ignore )
%,73.37:,230 Al
[2]
512. 9709 _s16_ms_13 Q: 2
Answer Mark Partial Marks
() f(x3 +1) dx M1 Attempt to resolve y* and attempt
4 to integrate
() {x— + x} Al
4
67 or18.8 DM1A1 | Applying limits 0 and 2.

[4] | (Limits reversed: Allow M mark
and allow A mark if final answer is
6m)

513.9709_s16_ms_13 Q: 3
Answer Mark Partial Marks
(i) 6+k=2 — k=-4 B1
(1]
3

() | )= % - izx*Z (+c) B1B1Y' | fton their k. Accept +i2x*2

9=2+2+¢ ¢ must be present M1 Sub (1,9) with numerical k. Dep on

attempt |
(»)=2x" +2x7 +5 Al Equation needs to be seen

[4] | Sub (2, 3) —c =-13% scores M1AQ
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514. 9709 w16 _ms 11 Q:7
Answer Mark Partial Marks
G |4=(_%0) B1 Accept x=0aty=0
(1]
B 1= 25}
(ii) j(l —2x)2dx = (1-21) [+(72)] B1B1 May be seen in a single
3/2 expression
3 1
2x -1
J(Zx—l)zdx = l( 3 ) } [+2] B1B1 May use jx dy , may expand
[0-(-1/3)]-[0-(-1/6)] M1 (2x-1)’
1/6 Al Correct use of their limits
(6]
515. 9709 w16 _ms 11 Q: 10
Answer Mark Partial Marks
2
G | 3z-==-1 = 322+z-2=0 M1 Express as 3-term quad. Accept
z x'? forz
xl/z(orz):2/30rfl Al (OR
x=4/9 only Al 3x—1=—x, 9 =13x+4=0
B1| M1, ALAL x=4/9)
3552 242
ii f(x)=—-—— (+c B1B1
@) ( ) 3/2 1/2 ( )
Sub x=4,y=10 10=16-8+c = c¢=2 M1A1 ¢ must be present
4 42 NG
When x=—, y=2 —] -4 —] +2 M1 Substituting x value from part
9 9 9 @)
—2/27 Al
[6]
516. 9709 _wl6 _ms 12 Q:1
Answer Mark Partial Marks
1 B1 Correct integrand (unsimplified) without —4
=83 1)i a0 b e rand (simplfied
Usesx=2and y=5 M1 Substitution of correct values into an integrand
to find c.
e==7 Al y=daxt1-7
[4]
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517.9709_wl6_ms_13 Q: 10

Answer Mark Partial Marks
2 1
() | at x=a?, d—y:£+ior2a"z+a'2(:ior3a'2J B1 —+— or2a”’+a’ seen
dx 4 4* 2 a a
anywhere in (i)
3 2 3 3, 2 . .
y73:—2(x7a )or y=—Fxtc3=—a +c M1 Through (a°,3) & with their
“ “ “ grad as f(a)
y=—x or 3a7%x cao Al
a [3]
2x% ax™
il =——+ +c B1B1
@) | (V)==T-r—- (9
sub x=a’, y=3 into Jdy/dx M1 ¢ must be present. Expect
4x" 3=4-2+c¢
c=1(y= —2ax7* +1) Al
a [4]
4 1 . :
(iii) | sub x=16, y=8 — 8:—x472axz+1 *M1 Sub into their y
a
a’ +14a-32(=0) Al
a=2 Al Allow -16 in addition
4=(4,3), B=(16,8) AB*=12"+5" - 4B=13 DMI1A1
[51
518. 9709 _wl6 _ms 13 Q: 11
Answer Mark Partial Marks
(i) | Attempt diffn. and equate to 0 % =—k (x— 3)72 +k=0 *M1 Must contain ( kx —3»)72 + other
term(s)
(fox 73)2 =1 or K’x* —6k*x+8k(=0) DM1 Simplify to a quadratic
x :% or % *Al*Al Legitimately obtained
dzy 2 -3 A
o 2k° (kx - 3) BIY Ft must contain Ak” (fx— 3)73
2 dy where 4>0
When x= Rl (—2/»’2 )< 0 MAX All previous DB1 Convincing alt. methods (values
X either side) must show which
When x= %, d—i} = (Zkz )> 0 MIN working correct DB1 \;aiu:?j zsed & cannot use
[71
2
(ii) V:(ﬂ)f[(x73)7l +(x73)} dx *M1 Attempt to expand 3 and then
integrate
=(7)[(x-3)" +(x-3) +2]dx Al
1 (JC*3)3 R
= (71') ,(x, 3) + f(Jer) Condone missing 2x Al Or
3
7(x73)71 er?fiix2 +9x+2x
(z)[l;+4[;9+0ﬂ DM1 Apply limits 0—2
=407 /3 oe or4l.9 Al 2 missing — 287 /3 scores
[5] | MIAOAIM1AO
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1001

Answer Mark Partial Marks
_ 8
Y 3x+4
@) L, ST W, BI Without the x3”
X (3x+4) Bl For “x3” even if 1st B mark lost.
3 . 2 .
— M=) = — 5 Perpendicular my—g = 3 M1 Use of mym, = —1 after attempting
d
to find Ey(xﬂ)}
2
Eqnofnormal y—-4= 3 (x-0) M1 Unsimplified line equation
20
Meetsx =4 at B (4,?J Al cao
(5]
J(3x+4 .
(ii) I 8 dx = 8JBx+4)) +3 B1 B1 Without “+3”, For “+3”
J(Bx+4) 1
2
L. 32 L.
Limits from0to4 — AreaP = 3 M1 Al Correct use of correct limits. cao
Area Q = Trapezium — P
Area of Trapezium =
Ml Correct method for area of
1 20 64 .
| 4+== |x4=— trapezium
2 3 3
Al All correct.

32
— Areas of P and Q are both 3
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520. 9709 s15_ms 12 Q: 10

Answer Mark Partial Marks
y= 4 . Bl Correct without the +2
2x—1
(i) J‘ 16 S de= -6, Bl For the +2 even if first B1 is lost
(2x-1) 2x -1 .
. M1 Use of limits in a changed
Vol = 7{_—} with limits 1 and 2 expression.
2x—1
Al co
167 [4]
_, or
3
ii =dmoft t=-2
@ 7T motiangen Mi Use of mym, =1
Y A 0
dr  (2x-1)2 B1 Correct without the x2
Bl For the x2 even if first B1 is lost
Equating their % to —2
R ) DM1
— Xx=50r —5
: : Al co
y=2o0r-2)
— c= % or*%
Al co
[6]
521. 9709 _s15_ms_13 Q: 2
Answer Mark Partial Marks
3
2x +1)2
% [£2]  (+0) B1B1
2
7=9+c¢ M1 Attempt subst x =4, y=7. ¢ must be there.
3 Dep. on attempt at integration.
2x+1)? L .
y= — 2 or unsimplified Al ¢ =-2 sufficient
[4]




522. 9709 _s15_ms_13 Q: 10

Answer

1003

Mark Partial Marks
@ 3—: =6-6x B1
Atx =2, gradient =-6  soi B1/
y-9=-6(x-2) oe Expect y=-6x+21 M1 Line through (2, 9) and with gradient their
=6
Wheny =0, x=31 cao Al
[4]
(ii) | Area under curve: [9+6x-3x"dx=9x+3x> -x* | B2,1,0 Allow unsimplified terms
(27+27-27)-(18+12-8) M1 Apply limits 2,3. Expect 5
Area under tangent: %x %x 9(= %) B1/ OR ,fzz(—6x +2D)dx (= 277). Ft on their
—6x+21 and/or their 7/2.
Area required24—7 -5= % Al
[3]
523. 9709 _wl5 ms 11 Q: 2
Answer Mark Partial Marks
f(x)=x* = 7x (+¢) B1
5=27-21+c M1 Sub x =3,y =5. Dep. on ¢ present
c=—1->f(x)=x*-7x-1 Al
(3]
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524. 9709 w15 _ms_11 Q: 11

APPENDIX A. ANSWERS

Answer Mark Partial Marks
. dy 1 —1/2
i) | —=|=(0+4x x |4 B1B1
| - [ S+ 40 |x[4]
At x=6, d— = g B1
dx 5
Gradient of normal at P = —% B1/ OR eqn of norm
y=5 =their—%(x—6)
. 5 .
Gradient of PQ= -3 hence PQ is a normal, When y =0, x =8 hence result
or mym, =-1 B1
(5]
(i) | Vol for curve =(x) j(l + 4x) and attempt to M1
integrate y?
=(7r)[x - 2x2] ignore ‘+ ¢’ Al
= ()6 + 72 - 0] DM1 Apply limits 0 — 6 (allow reversed if
—78(x) Al corrected later)
8
1 R 5 :
Vol for line =—x(7) x5 x2 M1 —Ex+20
3 OR (7)) ~——— 2
50
-2 Al 3x——
3 () 2 )
Total Vol =787z + 507/3= 94§:r (or 2847/3) | Al
(7]
525.9709_wl5_ms_12 Q: 10
Answer Mark Partial Marks
y=0-2x") P(2,1)
o | dy 1 B1 Without * x —4x”
3i) ™ :72 o) x —4x B1 Allow even if BO above.
AtP,x=2, m=—4 Normal grad=Y% M1 For mym, = —1 calculus needed
Eqn AP y—1=Y%(x-2) M1 Normal, not tangent
— A(=2,0)0r B(0,%) Al
Midpoint AP also (0, ¥2) Al Full justification.
[6]
- 2 9 ¥ : .
(ii) Ix dy = CETY dy M1 Attempt to integrate x>
9 . .
= S e Al Correct integration
Upper limit =3 B1 Evaluates upper limit
Uses limits 1 to 3 DM1 Uses both limits correctly
— volume =4% =« Al
[5]




526. 9709 w15 ms_13 Q: 9

1005

Answer Mark Partial Marks
() Atx=4, Yoy B1
dx
d dy dx
T 2x3=6 MIAL | Use of Chain rule
L
(i) (¥)=x+4x? (+¢) B1
1
Subx=4, y=6—>6=4+(4x42)+c M1 Must include ¢
1
c=—6—>(y=x+4x2-6 Al
[3]
(iii) Eqgn of tangentis y —6=2(x —4) or M1 Correct eqn thru (4, 6) & with m =
6-0)/(4-x)=2 | Ay | their2
B=(1,0) (Allowx =1) M1 [Expect eqn of normal: y = —%4x +
Gradient of normal = —1/2 Al 8]
C=(16,0) (Allow x = 16) Al
Area of triangle :lx15><6:45 [51| or 4B=+/45, 4C =180 -
2 Area=45.0
527.9709_wl5_ms_13 Q: 10
Answer Mark Partial Marks
@) fl(x)=2-2(x+1)" B1
£(x) = 6(x + 1) Bl
f0=0 hence stationary at x=0 B1 AG
f’0=6>0 hence minimum B1 www. Dependent on correct f "(x)
[4] | except —6(x + ™t — <0 MAX
(i) AB* =(3/2) +(3/4)° M1 | scores SCI
AB=1.680r \45/4 oe Al
, 1 2]
(iii) Area under curve = [f(x) =x* = (x +1) B1 Ignore +¢ even if evaluated
_ (1 B 1) B [l B 2) _o/4 Do not penalise reversed limits
2 4
L
. 0 :E,Apply limits — )7 1) M1A1 | Allow reversed subtn if final ans
Areatrap. = —(3+ ) x = positive
P=50 PG M1
=63/16 or3.94 Al
Shaded area 63/16-9/4+27/16 or 1.69 Al
. [6]
ALT eqndBis y=-)}4x+11/4 Bl
[ _ -2
Area =[=)px 1174 = [2v 4 (x4 1) M1 Attempt integration of at least one
= 7lx2 +Ex - [xz —(x +1)'l]
14 4 AlA1 | Ignore +c even if evaluated
Dep. on integration having taken
PR . place
Apply limits =3 —1 to both integrals M1 Allow reversed subtn if final ans
27/16 or 1.69 Al pOSiTiVe




