AAHL_Paper_1_QP [110 marks]

1. [Maximum mark: 5]
[5]

Markscheme

-2
no Y valuesbelow 1 A7
horizontal asymptote at y = 2 with curve approaching frombelowasz — 00 A1
(£1,1) local minima A1
(0,5) local maximum A1
smooth curve and smooth stationary points A1

[5 marks]

2. [Maximum mark: 7]
[7]

Markscheme

attempting integration by parts, eg

3

26> du = Jzdz,dv = sin (%)dm,v = —%cos ( m) Mm1)

U= 36>

2|



3
PO<K<3)= & <[—67wcos (%)]g + £ [cos (%)dm) (orequivalent) ATA1
0

Note: Award A7 for a correct uv and A7 for a correct f vdu.
attempting to substitute limits M1

s 6x mz \13 _
35 [~ Fcos ()], =0 @

. 3
soP(0<X<3)= % [sm (7%)} 0 (orequivalent) A1

Il
3 |~

A1

[7 marks]

[Maximum mark: 7]

(71
Markscheme

recognition that the angle between the normal and the line is 60° (seen anywhere)  R1

attempt to use the formula for the scalar product M1

cos60° =
VIx\/1+4+p?

1 12p|

= =_"“"P

2 3542

3v5+p?=4|p|

attempt to square both sides ~ M1

9 (5+ p?) =16p? = Tp? = 45
p=43 %(orequivalent) A1A1

[7 marks]

[Maximum mark: 8]

(a) [3]

Markscheme



attempt to differentiate and set equal to zero M1
f'(z) = 2e*® — 6e* = 2e% (e* —3) =0 41
minimumatz = In 3

a=1n3 a

[3 marks]

(b) [5]
Markscheme

Note: Interchanging & and ¥y can be done at any stage.
y=(e*—3)>—4 m)

e* —3=+y+4 a1

asz <In3,z =1n (3 — \/m) R1
sof*1 (z) =In (3 — \/az——i—ll) A1

domainof f lisz € R,—4 <z <5 A1

[5 marks]

[Maximum mark: 5]
(5]

Markscheme

*This sample question was produced by experienced DP mathematics senior examiners to aid teachersin
preparing for external assessment in the new MAA course.There may be minor differences in formatting

compared to formal exam papers.
METHOD 1
from vertex P, draws a line parallel to [QR] that meets [SR] ata point X (M1)

usesthe sinerulein APSX M1

PS _ y—z
sin 8~ sin (180" —a—f) A1

sin (180°—a — B) =sin (a+ ) (AN




PS = % A1

METHOD 2

let the height of quadrilateral PQRS be h
h=PS sina A1

attempts to find a second expression forh M1
h = (y—x —PS cos a) tan 8

PS sina = (y — z — PS cos a) tan 3

sin 8
cos B’

writestan [as multiplies through by cos 3and expandsthe RHS M1
PS sin a cos 8= (y — z) sin 8 — PS cos a sin

PS = o Wonf A1

sin o cos f+cos o sin

_ (y—z)sinp
PS = W A1

[5 marks]

[Maximum mark: 5]
(a) (3]

Markscheme
*This sample question was produced by experienced DP mathematics senior examiners to aid teachersin

preparing for external assessment in the new MAA course.There may be minor differences in formatting
compared to formal exam papers.

2 2
attemptstocalculate | 1 | - | —5 (mM1)
m —m

=—-1-m? A1
sincem? >0, —1—m?2 <0form €R Ri

so [1 and [5 are never perpendicularto each other  AG



[3 marks]

(b) [2]
Markscheme

(since lq is parallel to IT, 17 is perpendicular to the normal of 11 and so)

2 1
1]-14]=0 nr
m -1

24+44—m=0

m = A1

[2 marks]

[Maximum mark: 8]
(a) [3]

Markscheme

22 +6c+10=22+6c+9+1=(z+3)>+1 mu

So the denominator is never zero and thus there are no vertical asymptotes. (or use of discriminantis
negative) R1

[3 marks]

(b) [2]
Markscheme

x — +00, f(x) — 0sothe equation of the horizontal asymptoteisy = 0 M1A1

[2 marks]
(0 (3]

Markscheme

1
Of%dm: [ln (x2+6x+10)}(1) :1n17—ln10:lni—(7) M1A1A1



[3 marks]

[Maximum mark: 9]
(a) [4]

Markscheme

, _ (22—10)(z+1)— (2>~ 10z+5)1
f (.’E) - (2+1)° mi

fl(z)=0=2"+22-15=0= (z+5)(x—3)=0
Stationary pointsare (—5, — 20) and (3, —4) A1
[4 marks]
(b) [1]
Markscheme
r=-1 m
[1 mark]
(@ [4]
Markscheme

Looking at the nature table

x =35 -1 3
f'(x] +ve | O -ye | undefined | -ve | O | +ve

M1A1

(=5, —20)isamaxand (3, —4)isamin  A141

[4 marks]

[Maximum mark: 21]
(a) [4]

Markscheme

2t +1x 040 x (3+1¢) (= 2t) (seenanywhere) (A1)

m1



one correct magnitude v/ 12 + 12 + 02, \/(2t)2 + 3+ t)2 (A1)

correct substitution of their magnitudes and scalar product m1

o 2 2 s mo_ 2t

2t = /2 X \/(215) +(3+1)" x cos § OR cos § = NN
— 1 _ 2t .

4t = \/2(4t> + 9 + 6t + t2) OR 2 = sG] (orequivalent) A7

4t = /10t + 12t + 18 46

[4 marks]

(b) [4]
Markscheme

correct quadratic equation Al
162 = 10t? + 12t + 18,6t2 — 12t — 18 = 0,t> — 2t — 3 =0

valid attempt to solve their quadratic set = 0 M1)

(t+1)(t — 3)orR 12i\/(_12)1;4X6X(_18) OR(t—1)>—4 @)

t=3 A

Note: Award A0 if additional answer(s) given.

[4 marks]

(0 [4]
Markscheme

METHOD 1

recognizing shortest distance from A is perpendicular to L1 m1)



3 —
PA

—>
‘PA‘ = /62 + 62 <: V72, 6\/5) (seen anywhere) (A1)

V3 _ =z

2 V2
m:@ (z \/5_4, 3\/6)

(A1)

shortest distance is‘/%T6 (: \/5_4, 3\/6) A1

METHOD 2
s
v+PA
recognition that the distance required is o] m1)
1 6
1
= — X
G 0 (A1)
6
6
=-Li|-6 ()
V2
—6
shortest distance is v/ 54 <= 3\/6) A1
METHOD 3
4)
v-PA
recognition that the base of the triangle is o] M1)
1 6
_ 1
=7 1



- (D)

P
&

—
‘PA‘ =1/62 4 62 (: V72, 6\/5) (seen anywhere) (A1)

Note: The value of

—
PA‘ = /62 + 62 may be seen as part of the working of their shortest distance,

d— \/‘P—>A‘——62: \/(\/ﬁ)Q - (3\/5)2

shortest distance is v/ 54 (: 3\@) A1

METHOD 4
Let B be a general pointon L1 (A, 8 + A, — 3) such that AB is perpendicularto L1

—
attempt to find vector AB OR

—
AB| (the shortest distance from B to L 1) m1)

B_ob_on_opaaf1) - OA( ( Vot (5 (i) ew
A U Y Y Y i WU

0
—6
_>_ _>_ 2 2 2
AB=|1 0 | +A|1|]orR|AB|=4/(A—6)"+(8+A—8)"+(-3—-13) Al
—6 0

‘E‘ — /(A= 6)? + 22 4 (—6)? (: VNI 1A 1 72)

EITHER



d —
4 | |AB

2
):0:4X—m:0:A:3 A1

OR
H 2
AB| = \/2()\ —3)” + 54toobtain A =3 A1

OR
—64+ A 1
A 111 =0=-6+A+A=0=A=3 a1
—6 0
THEN

shortest distance is v/ 54 (: 3\/6) A1

[4 marks]

(d) (2]

Markscheme

attempt to find the vector product of two direction vectors M1)
6
x 10
6
1

n = | —1 | (orany scalar multiple of this) (accepts =< 1, — 1, — 1 > orequivalent)
—1

Note: Award A0for a final answer given in coordinate form.

[2 marks]

A1



(e) (7]
Markscheme
substituting their & into volume formula and equating M1)
1 2
1m(3v8) h = 90v/3r

h = 5v/3 (seenanywhere) 41

— — R
recognition that the position vector of vertexis given by OA + um OROA + h x 1 (M1)

6 1
8 +np|—1|OR(6+p 8—p,3—p)
3 ~1

EITHER

recognition that ,u|n| = h (where L is a parameter) (M1)

uln| = 5vBory/u? + (—)* + (—p)* = 5v/30R 3u? = 75 (:x Vi = 5\/5)

W= Eb5(acceptpy = 5) (A1)

OR

attempt to find cone’s height vector i X n m1)

1
> — 1 |
v a1
—1
1
5 1
5\/3><$ —1
-1
THEN
6 1 6 5
= 8] £5] -1 =8| ]| -5
3 -1 3 -5

vertex= (11,3, —2) and(1,13,8) (accept position vectors)  A1A1



Note: Award a maximum of (M0)AO(MT)(M1)(A1)ATATFT for

—
(%, 14—7, —%) and (%, %, 277) obtained usingx = |PA| from part (c).
[7 marks]

10. [Maximum mark: 18]
(a.i) [2]

Markscheme
EITHER

attempt to use a ratio from consecutive terms M1

plng} o %lnw
Inz = plhez

R 3Inz = (Inz)r?oRplnz=1In x(%)

1
Note: Candidates may use In 2! +1In 2P +1n 23 + .. .and consider the powers of T in geometric
sequence

S

Award M1 for % =

THEN
PP=gORT=% A
p= +-L g6
V3
Note: Award MoAOfor 72 = %orp2 = %with no other working seen.

[2 marks]



(a.ii) (11

Markscheme

EITHER

. 1 1

since, |p| = %and 7 <1l R

OR

since, |p| = =and—1<p<1 R

V3

THEN

= the geometric series converges. AG

Note: Accept 7 instead of p.
Award ROif both values of p not considered.

[1mark]

(a.iii) (3]

Markscheme

L
1¢

22 (:3+x/§) @n
3

lnw:3—%+\/§—%omnm:3—\/§+\/§—l (=hz=2)

r=¢e2 m

[3 marks]

(b.i) [3]
Markscheme

METHOD 1
attempt to find a difference from consecutive terms or from w9 m1

correct equation Al

Al



plnx—lnm:%lnx—pln:cOR %lnx:lnm—l—2(pln:v—lnm)

1
Note: Candidatesmay useln 2! + In 2P 4+ In 3 + . . . and consider the powers of & in arithmetic
sequence.

Award M1AT forp — 1 = % —p

2pln:v:%1nm (:>2p:%) A1

p= % AG

METHOD 2

attempt to use arithmetic mean ugy = % m1
In z+%1

2plnm:%1nm (:>2p:%) A1

[SSIN)

p= AG

METHOD 3
attempt to find difference using 4 3 M1

%lnmzlnm+2d (:>d:—%lnzz:)

ugzlnx—l—%(%lnx—lna:) ORplnm—lna::—§lnx A1

plnx:%lnx A1

p=32 4
[3 marks]

(b.ii) [1]
Markscheme

d= —%lnw A1



[1mark]

(b.iii) (8]
Markscheme
METHOD 1
Sp=22Inz+(n—-1)x (-3lnz)|
attempt to substitute into Sy, and equatetoIn (=) (M)
5 LQ Inz+ (n—1) x (—%ln m)J = ln(ﬁ)

ln(ﬁ) =—In m3(: In 112_3) (A1)

=—-3lnz @)
correct working with Sn (seen anywhere) (A1)

—1 —
%Plnm— zln z + %lnazj ORnlnz— "(nﬁ  1n  oR %(1n:1:+ (4Tn)lnm)
correct equation withoutln A1
51 (% . %) =—-30rRMN — —n(nﬁ_l) = —3orequivalent
Note: Award as above if the series 1 + p + % + .. .isconsidered leading to % (% — %) = -3

attempt to form a quadratic= 0 M1)
n?—Tn—18=10

attempt to solve their quadratic M1)
(n—9)(n+2)=0

n=9 A

METHOD 2

ln(%) =—In :1:3(: In :1:_3) (A1)
=—-3lnx @)

listing the first 7 terms of the sequence (A1)

lnx+%1nzc—|—%lnx+0—%lnzc—%lnx—lnw—i—...



recognizing first 7 terms sum to 0 m1
8t termis — %ln x (A1)

9th term is — %ln T (A1)

sumof 8" and 9t term= —3 In = (A1)
n=9 A
[8 marks]

11. [Maximum mark: 17]

(a) (6]

Markscheme

lett = \/z M

t?=z=2tdt=dz a1

so [cosy/zdz =2 [tcostdt a1

attempts integration by parts M1)

u=2t, dv=-costdtdu =2dt,v=-sint

2 [tcostdt=2tsint—2 [sintdt @1
=2tsint+2cost+C M

substitution of t = v/ = [ cosv/zdz = 2y/zsin/z + 2 cos/z + C

[6 marks]

(b) (1

Markscheme

n —1)%72 22
o — (2 +1i 1) (: @nt1)'n ) i

AG



[1mark]

(0 (71
Markscheme

Tn+1

[ cosyxzda

Tn

areaof R, is M1)

Note: Modulus may be seen at a later stage.

(2n+1)%x2

= ‘ [2y/Z sin \/z + 2 cos /7] a2
oy

Note: Condone -+ at this stage.

attempts to substitute their limits into their integrated expression M1)

_ 2‘ (2n;1)ﬂ % sin (2n;1)7r 1 cos (27H2~1)7r B ((2n;1)ﬂ % sin (2n21) 1 cos (2n21)ﬂ)‘
A1
(2n+1)m 2n—1

= 2‘( 1 L) — ((—1)n+1%) (orequivalent) A1

— n 4nm

= 2\(—1) T\

=4dnm A1
Tn+1

Note: Award a maximum of (M1)ATMTATATA0AO for only attempting to calculate f cos \/de, and not
Ty

applying the modulus.

[7 marks]

(d) (3]

Markscheme



EITHER

attemptstofind (d =)Rp11 — R, M1

(d=)4(n+ 1)7 — 4n=w

=4 A1

Note: Award Mo for consideration of special cases for example R3 and Rs. Acceptd = k.

which is a constant (common difference is 471) R1

OR

an arithmetic sequenceisof theformu,, = dn + ¢ (up, =dn+u; —d) M
attempts to compare u, = dn + ¢ (u, = dn+u; —d)and R, = dnm  m
d=4mandc=0(u; —d=0) a1

Note: Acceptd = k.

THEN

so the areas of the regions form an arithmetic sequence AG

[3 marks]
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