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19MIA.AHL.TZ1.H_7

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

attempt at implicit differentiation ~ M7
2dy 2 Y342 -
3y o T 3ys + 6xydx 3x 0 A1A7

Note: Award A7 for the second & third terms, A7for the first term, fourth term & RHS
equal to zero.

substitution of 3—1 =0 M

3y2 —3x2=0

>y=+x Al

substitute either variable into original equation M1
y=x=>x3=9>3x=39 (or y>=9=>y=309) A1
y=—x=2x3=27=2>x=3 (or y’= —27=>y=—-3) Al
(V9.99) .G, -3) A1

[9 marks]

17N.1.AHL.TZO.H_7

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

x3+y3=3xy=0

3x2 + 3y2% - 3x3—>; —3y=0 MIAT

Note: Differentiation wrt y is also acceptable.

dy _ 3y-3 ( = y‘_"i) (A1)

dx 3y2 — 3x y2

Note: All following marks may be awarded if the denominator is correct, but the
numerator incorrect.



y2—x=0 Mi

EITHER

x = y?

yo+y3—-3y3=0 MIAT
¥ =2y°=0

Y3’ -2)=0
(y#0)y=%Y2 A1
x=(32)" (=¥%) a1
OR

x3+xy—3xy=0
x(x*=2y) =0

x2

x;t()=>y=7

2 _x*
Yy =7
x4-
Sy
x(x3-4)=0

(x #0):x =32

y= GO iy

18MI.AHL.TZ1.H_4

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

[P f(x)de=10-12=—2 (MI(AT)
[0 2dx =221, =4 A7
[, (F(x) +2)dx=2 AT

[4 marks]



b. f(izf(x+2)dx=f§f(x)dx 12

17N.1.AHL.TZO.H_S

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

10te™2tdt

O =

S =

attempt at integration by parts M7

1
= [-5te*]Z — [ —5e *dt A1

Ol

= [—Ste_Zt — ge_Zt]i (A1)

Note: Condone absence of limits (or incorrect limits) and missing factor of 10 up to
this point.

ol

s= [10te™%tdt (M1)

. ea-1,5( _-5,5 _ 5e—10

= —Se +2(_e+2)(_ Ze) Al
[5 marks]

17MI.AHL.TZ2.H_4

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

S =1t+4 cos2t

ds

=1-—2sin2t MI1AT
de

=0 M1
. 1
= sin2t = >

t1 = (s), tp = i—’;(s) ATAT



Award if answers are given in degrees.

b. s=1—n2+cosg<s=1—”2+§(m))

19MI1.AHL.TZ1.H_5

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

let OX = x
METHOD 1
dx

Fri 24 (or -24) (A1)

de dx dé
L= M
dt dt X dx ( )

3tanf = x A1

EITHER

3sec?l = % AT

do 24
dt ~ 3sec?d

attempt to substitute for & = 0 into their differential equation M1

OR

6 = arctan (;—C)

g 1 1
— =-X > Al
dx 3 1+X_

9
deo 1
— =24 X —<
de 3(1+%)

attempt to substitute for x = 0 into their differential equation M1

THEN
de _ 24 -1
-3 " 8 (rad S ) A1

1

Note: Accept -8 rads™™.

METHOD 2



% =24 (or-24) (A7)

3tanf = x AT

attempt to differentiate implicitly with respect to t M1

de dx
3sec’f X — = — A1
dt dt
do 24
dt ~ 3sec2f

attempt to substitute for 8 = 0 into their differential equation

do _ 24 _ -
P =8 (rads™?)

Accept -8rads™.

Can be done by consideration of CX, use of Pythagoras.

let the position of the car be at time t be d — 24t from O

d— 24t d
tanf = 3 <_§_8t)

For tanf = % award and follow through.

attempt to differentiate implicitly with respect to t
sec29¥ = _g
de

attempt to substitute for 8 = 0 into their differential equation

0= arctan(g — 8t>

9 _ 8

dt 2
1+(§—8t>

M1



16N.1.AHL.TZ0.H_9

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

attempt to differentiate implicitly M7

3-— <4y% + 2y2)ex-1 =0 ATATAT

Note: Award AT7for correctly differentiating each term.

dy 3-6:1_"—2312

AT
dx 4y

Note: This final answer may be expressed in a number of different ways.

[5 marks]

1 _9.1
b. 3—2y2=2=>y2=§:>y=i\/§ AT &Iy,

dx i4\/§
at <1, J;) the tangent is y — \E = %(x —1)and A7
at (1, —\E) the tangent is y+\/—zf = — g(x -1) A1

Note: These equations simplify toy = + %x.

Note: Award AOMTAITAQ if just the positive value of y is considered and just one
tangent is found.

[4 marks]

18M1.AHL.TZ1.H_2

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

attempt at chain rule or product rule  (M17)



_ 2sinfcosf A1
do

[2 marks]
b. 2sinfcosf = 2sin?0 sin@ = o 0=o0,1
obtaining cos 6 = sin 6 tan6 =1 6 = %
21TM1.AHL.TZ1.12
a.
dav _ 1
- = - kV2
use of separation of variables (M1)
1
=> Vi dV= |-k dt AT
1
2Vz = -kt +4c A1l
considering initial conditions 40 = ¢ AT

2/32% = - 10k + 40
Sk=0.4 AT
2V = - 0.4t + 40

=,V =20-0.2t Al

Note: Award A7 for any correct intermediate step that leads to the AG.

tZ

Note: Do not award the final A7if the AG line is not stated.

[6 marks]

2
b. 0=120-% = t=100 minutes (M1)A1
5 [2 marks]

2IN.1.AHL.TZ0.17



attempt to use V = nff; x2 dy (M1)

v . .
X = e6 or any reasonable attempt to find x in terms of y (M1)

wl<

V=1nge dy AT

Note: Correct limits must be seen for the A7to be awarded.

y
= m3e3 (A1)

Note: Condone the absence of limits for this AT mark.

0 AT
=3me3 -1 AG

Note: If the variable used in the integral is x instead of y (i.e. V = nfz e3 dx)and the

candidate has not stated that they are interchanging x and y then award at most
MIMITAOATAITAG.

[5 marks]

b. maximum volume when h =9 cm (M1) max volume =180 cm3 AT

22M1.AHL.TZ1.17

substitute coordinates of A
f0 =ped ©0 =65

6.5 = pe? (A1)

substitute coordinates of B

f5.2 = ped €0s5.2r = (), 2

EITHER
't = -pgr sinrted cosrt (M1)
rq

minimum occurs when -pqr sin5.2re? €0s5-2r =



sinrt =0

rx5.2 =1 (A1)

OR

minimum value occurs when cosrt = -1 (M1)

rx5.2 =1 (A1)

OR

period =2x5.2=10.4 (A1)
_ 2m

= (M1)

THEN

r= % =0.604152 .. 0.604

0.2=p et

eliminate p or g

(o)}
vl

2
2q — =Pr
e 0.2 =F

o
N

q=1.74 1.74062 ..

p=1.14017 .. 1.14

EXM.1.AHL.TZ0.22

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

Attempting to multiply matrices (M1)

3 2 2
1 x -1 34+x%—2 1+x
= = ATAT N3
<31 4> 2 <9+x+8 >< (17+x>>

[3 marks]

=

b. Setting up equation M1



eg 2 T+x% Y _( 20 24+2x% )\ _( 20 1+x* Y _( 10
17 + x 28 J' \ 34+ 2x 28 J' \ 17+« 14

24+2x*=20 [ 1+x%2=10 x= -3
34 + 2x =28 17+ x =14

EXM.1.AHL.TZO0.11
a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

evidence of addition  (M1)

eg at least two correct elements

_ [ 4 2
A+B—<1 0) AT N2

[2 marks]

b. evidence of multiplication (M1) eg at least two correct elements

—3A=<:3 _36> A1 Nz [2marks]

c. evidence of matrix multiplication (in correct order) (M17)

_ 1(3) +2(-2) 1(0) +2(1) A =<_1 ) ) o N
eg AB_<3(3)+(—1)(—2) 3(0)+(—1)(1)> i 11 -1 3
[3 marks]
EXM.1.AHL.TZ0.14

Inv = nlnw + Ink MI1AT

gradient = % (=15) M1
n=15 Al

y-intercept =1.5%x1.7+4.3 ( =6.85) M1
k = 685 = 944 MI1AT

[7 marks]

EXM.1.AHL.TZ0.18



a—A 1-pb
1—a b—2

52— (a+b)A+a+b—-1=0=> (1—=1) 1+ (1—=a=b)) =0

>A=1lordl=a+b—-1 AGAT

[4 marks]

‘=0=> (a=2) (b=2) —(1-b) (1—a) =0  MIAT

AT

b. a 1-b p _ p o _
(1—a b )(1_p>_<1_p>=>ap+1 b—p+bp=p MI1AT

>1-b=(2-a-b)p>p="" M 1-b
So vector is sz;b ATAT
2—a-—>b
[5 marks]
EXM.1.AHL.TZ0.25
a.
2 2a -2
A”= ( —a 2a+1 ) (M1)AT
[2 marks]
b. METHOD 1 det A% = 4a® 4+ 2a — 2a = 4a*> M1
a=z+2 ATAT N2 METHOD 2 det A = —2a M1 det A= +y4
a=+2 ATAT N2 [3 marks]
EXM.1.AHL.TZ0.26
a.
_ 1 3 3 =2 _ 18 —14
m-((32)(23)- (L) e
Note: Award A7for one error, AO for two or more errors.
[2 marks]
b. det(BA) = (72 -56) = 16 (M1)AT1  [2 marks]
24 —18

c. EITHER A(AB+2A™)A=BA +2A (MDAT  _ (

6

—4

)



) an attempt to evaluate

EXM.1.AHL.TZ0.27

a.
(A+B)?>=A>+ AB+ BA+ B> A2

Note: Award A7in parts (a) to (c) if error is correctly identified, but not corrected.
[2 marks]

b. (A- ki3 = A3-3kA> +3KCA- K31 A2

Note: Award A7in parts (a) to (c) if error is correctly identified, but not corrected.
[2 marks]

c. CA=B=>C=BA' A2

Note: Award A7in parts (a) to (c) if error is correctly identified, but not corrected.

[2 marks]

EXM.1.AHL.TZ0.28

finding det A=e*—e ™ (2 +e*) or equivalent AT
Ais singular > det A =0 (R1)
e*—e ™ (2+e¥) =0

eX —e¥—2=0 AT

solving for e* (M1)
e* > 0 (or equivalent explanation) (R1)
e¥=2

x = In2 (only) AT NO

[6 marks]



EXM.1.AHL.TZ0.31

det A= -2 A2

[2 marks]
EXM.1.AHL.TZ0.32

2 _ 1 2 1 2
e-(L2)(L2)

_( 142k 0
_< 0 2k+1> A2

Note: Award A2 for 4 correct, A7 for 2 or 3 correct.

1+2k=0 M1

_ 1
k = 5 ATl
[5 marks]

EXM.1.AHL.TZ0.33

M

-5 0 + ki =0
(7 %)
= k =5 AT

[5 marks]

EXM.1.AHL.TZ0.34

For multiplying (I-X)(I + X + X2 M1

(535 3)-(F %)

7 —6 12 -6 B
:><—18 19)_<—18 24)*“‘0

(M1)

(A7)

=SPHIX+IDC-XI-X =X =1+X+X - X=X - X

=1-X A1

MI1AT

(AT)(A1)



=1 AT
AB=I=>A1=8B

+2)=

(- )+

EXM.1.AHL.TZ0.36

(R7)

S>(- )yt= + + 2

We start with point A and write S as the set of vertices and T as the set of edges.
The weights on each edge will be used in applying Prim's algorithm.
Initially, S = {4}, T = ®. In each subsequent stage, we shall update Sand T.

Step 1. Add edge h:
Step 2: Add edge e:
Step 3: Add edge d:
Step 4: Add edge a:
Step 5: Add edge i
Step 6: Add edge ¢

So S = {4, D},
So S ={A D, £

Then S ={A, D, E, F}
Then S ={A, D, E, F, B}
Then S ={A, D, E, F, B, G}

Notes: Award (M4)(A3) for all 6 correct,

OR

(M4)(A2) for 5 correct;
(M3)(A2) for 4 correct,
(M3)(A1) for 3 correct;
(M1)(A1) for 2 correct,
(M1)(AO) for 1 correct

(M4)(A3)

(M2) for the correct definition of Prim's algorithm,
(M2) for the correct application of Prim's algorithm,
(A3) for the correct answers at the last three stages.

Now S has all the vertices and the minimal spanning tree is obtained.

The weight of the edgesin Tis5+3+5+7+5+6

=31 (A1)

[8 marks]

EXM.1.AHL.TZ0.37



Vertices added Edge Weight
to the Tree added
3 ) 0
5 3.5 10
6 3,6 20
7 5,7 30
10 6. 10 30
1 3,1 40
2 1.2 30
11 2,11 30
9 1,9 40
4 6,4 40
7.8 40
310
(R2)(A4)(M1)
(A7)
N t Award (R2)for correct algorithms, (R7) for 1 error, (RO) for 2 or more errors.
Award for correct calculations, for 1 error, for 2 errors, for 3 errors,
for 4 or more errors.
Award for tree/table/method.
Award for minimum weight.
EXM.1.AHL.TZ0.38
K
> 4
J M N .
2 1
/ :
P L Q
(C4)

OR



Total weight = 17

There are other possible spanning trees.

7M. AHL.TZ1.H_7

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

useofu,=u;+(n—1)d M1

(14 2d)? = (1 4+ d)(1 + 5d) (or equivalent)  MIAT
d= -2 ATl

[4 marks]

b. 1+(N=-1)x—=2=-15 Ny—9 (A7) §u=9(2+8><—2) (M1)
r 2

r=1

= — 63 A1 [3 marks]

17MI.AHL.TZ2.H_3

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

EITHER
the first three terms of the geometric sequence are 9, 9r and 9r>  (M1)
9+3d=9r(=>3+d=3r)and9+7d =9r* (A7)

attempt to solve simultaneously  (M17)



2
9+7d=9(3%i)

OR
the 1°¢, 4™ and 8™ terms of the arithmetic sequence are

9,9+3d,9+7d (M1)

9+7d _ 9+3d
= (A7)
9+3d 9

attempt to solve  (M1)

THEN

d=1
4

b =

Accept answers where a candidate obtains d by finding r first. The first two
marks in either method for part (a) are awarded for the same ideas and the third mark
is awarded for attempting to solve an equation in r.

19MI1.AHL.TZ2.H_1

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

attempting to form two equations involving u; and d M1
(ur+2d) + (ug +7d) =1and Z[2u; + 6d] = 35

2u; +9d =1

14u; +42d =70 (2u; + 6d = 10) AT

Note: Award A7 for any two correct equations

attempting to solve their equations: M1

w =14, d= -3 Al

[4 marks]

18M1.AHL.TZ1.H_5

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.



(Inx)? = (In2) (Inx) —2(In2)*( =0)

EITHER
In2 i\/(an)z +8(In2)”
Inx = 5 M1
_ In2 + 3In2 AT
2
OR

(Inx —2In2) (Inx +2In2) ( =0) MIAT
THEN

Inx = 2In2 or —In2 A7

=>x=4orx=% (M1)A1

Note: (M1) is for an appropriate use of a log law in either case, dependent on the
previous M7 being awarded, A1 for both correct answers.

solution is % <x<4 A1

16N.1.AHL.TZ0.H_7

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

attempt to form a quadratic in 2* M1
(22 +4-2*-3=0 AT

x _ —A4EVI6+12  _
=—"——(=-2£y7) M1
2= —2+7 (as —2—-7<0) RI1

x=10g2(—2+ﬂ) <xzw> Al
Note: Award RO A7 f final answer is x = log, (=2 + 7).

[5 marks]

17N.1.AHL.TZO.H_1



*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

log,(x +3) +log,(x —3) =4
log,(x*—=9) =4 (M)

x> —9=2%(=16) MIAT

x=+5 (A1)
x=5 AT

[5 marks]

17MI.AHL.TZ1.H_1

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

log,x —log,5 = 2 + log,3

collecting at least two log terms  (M1)

eglogzg =2 +log,3 or logZ% =2

obtaining a correct equation without logs  (M1)
egz = 120R— =2> (A1)

x =60 A7

[4 marks]

17MA.AHLTZ1.H_2

a.i.

Z) = 2cis(§) and z, = ﬂcis(%) AlAT

Note: Award ATAO for correct moduli and arguments found, but not written in mod-
arg form.

lw| =2 AT
[3 marks]



ail. zy=2cis(5) and z, = yZcis(§) 4147

Award for correct moduli and arguments found, but not written in mod-
arg form.
row = L
argw = —

Allow  from incorrect answers for z; and z; in modulus-argument form.

E
N S|
Il
3

b. sin(ﬂ) =0 arglw") =m N

17MI.AHL.TZ2.H_5

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

C represents the complex number 1 —2i A2
D represents the complex number 3 +2i A2

[4 marks]

17M1.AHL.TZ2.H_2

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

—11 < f(x) <21  AIAT
Note: AT7for correct end points, A7 for correct inequalities.

[2 marks]

b. f_l(x) — 3”‘;5 (M1)A1 [2 marks]

c. —11<x<21, =2<f(x)<2 AIAT [2 marks]

18M.1.AHL.TZ1.H_3



a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

3 5
[3 marks]

Note: Award M7 for consideration of the possible outcomes when rolling the two dice.

1+6+15+28 25

b. E(T) = T :E(:3'125) (M1)A1

Note: Allow follow through from part (a) even if probabilities do not add up to 1.

[2 marks]

16N.1.AHL.TZ0.H_1

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

METHOD 1
for eliminating one variable from two equations  (M7)
(x+y+z=3)
€eg, 2x+2z=8 ATAT
2x+3z=11

for finding correctly one coordinate

(x+y+z=3)
eg, (2x +2z =18) A1
z=3

for finding correctly the other two coordinates A7
x=1

=>4{y=-1
z=3

the intersection point has coordinates (1, — 1, 3)

METHOD 2

for eliminating two variables from two equations or using row reduction  (M1)

(x+y+z=23) 1 1 1/{3
eg, —2=2 or[] 0 =2 02 ATAT
z=3 0 0 113

for finding correctly the other coordinates  A7147



x=1 1
=>{y=-—-1 0
(z=3) 0

o= O
=]
|
[N

the intersection point has coordinates (1, — 1, 3)

(SR
|
= LR
N R
Il
|
N

attempt to use Cramer's rule

3 1 1
5 -1 1
6 1 2 _
=  =_"-=1
x -2 -2
1 31
151
1 6 2 2
:—:—:—1
y -2 —2
1 1 3
1 -15
1 1 6 -6
Z=———=—=3
-2 -2

Award  only if candidate attempts to determine at least one of the variables
using this method.

16N.1.AHL.TZ0.H_2

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

X 1 2 4 6
P(X =x) 1 1 1 1
6 3 3 6

ATAT

Note: Award A7for each correct row.

[2 marks]



1 1 1 1 19 1

If the probabilities in (a) are not values between o0 and 1 or lead to E(X) > 6
award to correct method using the incorrect probabilities; otherwise allow
marks.

19MI.AHL.TZ1.H_6

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

use of symmetry eg diagram (M1)

P(X>u+5)=02 A7

[2 marks]

b. EITHER p(x<pu+5lx>pu—5 ) =200 002t oMy
_ P(u—5<X<u+5) _ 06
= Huseday an =2 Ala1

Note: A7for denominator is independent of the previous 4 marks. OR

use of diagram (M1)

Note: Only award (M7) if the region u —5 < X < u + 5 is indicated and used.
P(X>u—-5)=08 P(p—-5<X<u+5)=06 (A7)

Note: Probabilities can be shown on the diagram. = % M1A71 THEN

= % = (0.75) A1 [5marks]

EXM.1.AHL.TZ0.40

Different notations may be used but the edges should be added in the following order.

Using Prim's Algorithm, (M1)
BD AT
DF AT
FA A1

FE AT



EC Al

Total weight = 12

EXM.1.AHL.TZ0.41

The edges are introduced in the following order:
FD, FC, CB, BA, CE A2A2A242A2

F—D

Cﬂﬂ
E A

A2

[12 marks]

EXM.1.AHL.TZ0.42

det(A—kI) =0

3—-k 2

L ‘:o (M1)

-|
>k’—3k+2=0 (M1)
= (k=2)(k—=1) =0

k=12 (A2) (C4)

[4 marks]

EXM.1.AHL.TZ0.44

‘k—4 3

~2 k+1‘=0

=>(k—4)(k+1)+6=0 (M1)



>k’—3k+2=0 (M1)
> (k=2)(k-=1) =0

>k=2o0rk=1 (A1) (C3)

EXM.1.AHL.TZ0.2

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

2p® +12p =14  (M1)(AT)

p>+6p—7=0

(p+7)(p=1) =0 (4D

p=—7o0orp=1 (A1) (C4)

Note: Both answers are required for the final (A7).

[4 marks]

EXM.1.AHL.TZ0.54

a.
Attempting to find det A (M1)

det A = k* + 2k —1 AT N2

[2 marks]

b. System has a unique solution provided det A # O (R1)

K +2k—1+0 (A1) Solving kK2 +2k—1%0or equivalent for k M1

k€R\ {-1+yZ} (acceptk # —1+Zk+ —241,0414) A1 N3 [4 marks]

EXM.1.AHL.TZ0.3

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

B=(BAYA™Y (M1)

_ i1 2\ 0 -2
—‘Z<44 8)(—2 5) (MD)



_ 1 -4 12
_z< ~16 —48) (A7)

(1 3
_<4 12) (A7)

OR

ab\(s52)_(112

(c d><2 o>_<44 8) (M1)
5a+2b =11

~ 2a=2 }

>a=1, b=3 (A1)

5¢+ 2d = 44
2c =8

Sc=4 d=12 (A1)
(1 3
B_<4 12>

Correct solution with inversion (ie AB instead of BA) earns FT marks, (maximum

).

EXM.1.AHL.TZ0.7

a.i.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

a=5 AT N1
[1 mark]
aii. b+9=y4 (M1) b= -5 AT N2 [2 marks]

b. Comparing elements 3(2) - 5(q) = -9 M1 gq=3 A2N2 [3 marks]
EXM.1.AHL.TZO.4

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

detA =5(1) - 7(-2) = 19



1 2

a1 1 2\ _ [ 19 19

19 19

Note: Award (A7) for < _17 é >, (A1) for dividing by 19.

OR

1 _ ( 0.0526 0.105

AT = ( —0.368 0.263 > ©2)
[2 marks]

bi. XA+B=C= XA=C-B (M7) X=(C-B)A™ (A7) OR

X=(C-B)A? (A2) [2 marks]

b.ii. 14y
2 _ ( —11 =7 19 19
(C-B)A™ = ( _13 9 > .y (A1)
19 19
38 =57 OR _( 2 -3
o X = 19 19 4 2 =3 (A1) X = ( —4 1 ) (G2)
Tz [T -4
19 19

Note: If premultiplication by A™ is used, award (M1)(MO) in part (i) but award (A2) for

7R

o s | in part ).

[T
EXM.1.AHL.TZ0.8

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

1z _1
f g’ 3 —0.333 0.667 —0.333
A=l — 2 -2 lor| —0333 167 —233 A2 N2
R 0667 —133 1.67
3 3 3
[2 marks]

b.i. X=A"'B A1 N1 [1mark]



EXM.1.AHL.TZ0.46
_[ x 4 2 y\_ [ 2x+32 xy+16
AB‘<4 2)(8 4)"( 24 4y+8 ) (A7)

[ 2y X _ [ 2x+4y 2y+8
sa= (5 )(5 )= )

8x + 16 40
AB = BA= 8x +16 =24 and 4y + 8 = 40

N

This gives x =1 and y = 8. (A1) (C3)

[3 marks]

EXM.1.AHL.TZ0.47

singular matrix = det = o (R1)

‘3—1 —2‘ (AD)

-3 4-2
(3-2)(4—-21)—-6=0 (M1)

S -71+6=0 (A1)

A=1oré (A1)(A1) (C6)

Note: Award (C2) for one correct answer with no working.

[6 marks]

EXM.1.AHL.TZ0.48

AA'XB = AC (M1)(AT)
IXBB™ = ACB™ (MT)(AT)
X=ACB* (M1)(AT) (C6)

[6 marks]

EXM.1.AHL.TZ0.49

For multiplying (I- X)(/ + X + X) M1



=P+ IX+IXC-XI-X- X =+ X+X-X-X-X3 (AT)(AT)

=1-X A1
=1 A1
AB=|=>A'=8B (R1)

U=-XU+X+X)=I=>U-X)2=1+X+ X AG NO

[6 ma ks]

EXM.1.AHL.TZ0.50

METHOD 1

(2 3 4 =9\ _ (-2 12
eao (2 3)-(£0)=(28) o
X:El(A—AB):El< - 1?3) (M1)
_ 1 -3 0\( -2 12
—‘3< 0 2)(—1 —8> (A7)

Il
~
win |

—_
w| oo O

) (A2) (cé¢)

METHOD 2
Attempting to set up a matrix equation (M2)
X=BA- AB) (A2)

Il
~
wir |

—_
w|co O

> (from GDCQC) (A2) (Cé6)

[6 marks]

EXM.1.AHL.TZ0.57

Ho : The data can be modeled by a Poisson distribution.

H, : The data cannot be modeled by a Poisson distribution.

on Ofx _ 0x4+1x18+2x19+ .. +5x8 _ 200 _
Zf—SO,Zf— =0 —%—2.5 AT




Theoretical frequencies are
f(0) =8.0e72> = 6.5668 (M1)(AT7)

? X 65668 = 164170 AT

f(1) =
f(2) =% x164170 = 205212
f(3) =2 x20.5212 = 17.1010
f(4) =% x17.1010 = 106882 A1

Note: Award Aifor f(2),f(4),f(4).

f(5 or more) =80 — (6.5668 + 16.4170 + 20.5212 + 17.1010 + 10.6882) A1

= 8.7058
Number of cars 0 1 2 3 4 5 or more
0] 4 18 19 20 11 8
E 6.5668 164170 205212 17.1010 10.6882 8.7058

o (4-65668)° | (18-164170)> | (19-205212)° | (20-17.1010)% |, (11—10.6882)> , (8—8.7058)"

X 6.5668 16.4170 20.5212 17.1010 10.6882 8.7058

= 1.83 (accept 1.82) (M1)(A1)
v =4 (six frequencies and two restrictions) (A1)
x?(4) =9.488 at the 5% level. AT

Since 1.83 < 9.488 we accept Hy and conclude that the distribution can be modeled
by a Poisson distribution.

EXM.1.AHL.TZ0.10

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

[3 marks]



b. Evidence of using the definition of determinant
Correct substitution eg 4(5) - 22k — 1), 20 - 2(2k — 1), 20 - 4k + 2

det(2 - )=22-u4k
18M.1.AHL.TZ2.H_4

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

valid attempt to find j—z M1

dy _ 1 4

ST AMT

attempt to solve j—z =0 M1

x=2,x= —2 AlA1

[6 marks]

18M1.AHL.TZ2.H_3

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

equating sum of probabilitiesto 1 (p+ 0.5 — p+ 0.25 + 0.125 + p> = 1) M1
p° = 0.125 = %

p= 0.5 AT

[2 marks]

bi. Hu=0x05+1x0+2x0.25+3 x 0.125 + 4 x 0.125 M1

= 1.375 ( = %1) A1 [2 marks]

b.i. PX>u)=PX=2)+PX=3)+PX=4) (M) =05 AT
Note: Do not award follow through A marks in (b)(i) from an incorrect value of p.

Note: Award M marks in both (b)(i) and (b)(ii) provided no negative probabilities, and
provided a numerical value for u has been found.

[2 marks]

18N.1.AHL.TZ0.H_5



a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

a*b=(1x0)+ (1x —t) + (tx4t) (M1)

= —t+4t> AT

[2 marks]

b. recognition that a+b = |a||blcos®  (M1)
asb<oor—t+4t? <oorcosf <0 RI Note:Allow < for R1.

attempt to solve using sketch or sign diagram M1) 0<t< % AT [4 marks]

19MI.AHL.TZ1.H_1

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

2 -3
a*b-= k | k+2
-1 k

= —6+k(k+2) -k AT

ab=o0 (M1)

K +k—6=0

attempt at solving their quadratic equation (M1)
(k+3)(k—2) =0

k= —3,2 A1

Note: Attempt at solving using |a||b| = |a x b| will be MTAOAOAO if neither answer found
MI1(AT1)ATAO
for one correct answer and M1(AT)ATAT for two correct answers.

[4 marks]

7M. AHL.TZ1.H_6

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.



y=|x

/ N

graphs sketched correctly (condone missing b)  A71AT7

[2 marks]

18N.1.AHL.TZ0.H_1

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

(M1)

Note: Award M7 for a Venn diagram with at least one probability in the correct region.

EITHER



P(A N B’) —03 (A7)

P(AUB) =03+4+04+01=08 A7

P(B) =05

P(AUB) =05+04—-01=0.8

b. P(A)P(B) =04x0.5 = 0.2
statement that theirP(A)P(B) # P(ANB)

Award  for correct reasoning from their value. = A, B not independent

PCan 501 - 0.2

PC AlB) = P(B) 05

statement that their P( A|B) # P(4)
Award  for correct reasoning from their value. = A, B not independent

Accept equivalent argument using P( B|A) = 0.25.

16N.1.AHL.TZ0.H_10

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

METHOD 1

P(AUB) = P(A) +P(B) —P(ANB) M1

=P(A) +P(ANB)+P(A NB)—P(ANB) MIAT
=P(A)+P(A NB) AG

METHOD 2

P(AUB) = P(A) +P(B) —P(ANB) M1

=P(4) + P(B) —P(A | B)xP(B) M1

=P(A)+ (1—-P(A|B)) xP(B)

=P(A) +P(A' | B)xP(B) AT

=P(A)+P(A NB) AG



b. (i) useP(AUB)=P(4)+P(A NB)andP(A nB)=P(B|A)PA)

5 =P(A) +z(1-PA)) 8 =18P(4) +3(1—P(4)) P(A) = ;
(i) P(B) = P(ANB) + P(A' N B)

= P(B | A)P(4) + P(B | A)P(4) = IX toxs=:

P(ANB) =P(B | A)P(4A) = P(ANB) = L x

Wl
Ol -

Wl =

P(B) = P(AU B) + P(AN B) — P(4) P(B) =%+

|
[SSH =
NN

O |
O | =

19MI1.AHL.TZ2.H_3

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

g(x) =f(x+2) (= (x+2)* —6(x+2)"—2(x+2) +4) M
attempt to expand (x + )Y M1
(x+2)*=xt+4(20) +6(2%2) +4(2%x) +2* (A
=x*+8x3+24x% +32x +16 A7

g(x) =x*+8x>+24x*+32x+ 16 —6(x* +4x+4) —2x — 4+ 4
=x*+8x3+18x*+6x—8 A7

Note: For correct expansion of f (x —2) = x* — 8x3 + 18x? — 10x award max
MOMI1(AT)AOAT.

[5 marks]

SPM.1.AHL.TZ0.10

let T be the time to serve both customers and T; the time to serve the ith customer
assuming independence of Ty and T,  RT

T is normally distributed and T =T+ T, (M1)

E(T) =154+15=3 AT7

Var (T) = 0.4%+ 042 =032  MIAT

P(T<4) =0961 AT

[6 marks]



SPM.1.AHL.TZ0.12

(Model A)
R=3pe 0" M1

predicted values

P R
1 1.8196
2| 22073
3| 2.0082
(A1)
SS,..= (1.8196 — 1.5) % + (2.2073 — 1.8) * + (2.0082—15)> (M)
= 0.5263... AT
(Model B)
R = 2.5pe06p

predicted values

S8, = 0.170576... AT

chose model B AT

Note: Method marks can be awarded if seen for either model A or model B. Award final
ATif it is a correct deduction from their calculated values for A and B.

[7 marks]

19MI1.AHL.TZ1.H_3



*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

A=P

use of the correct formula for area and arc length (M1)
perimeter is rf + 2r (A1)

Note: A7independent of previous M.
%rz(l)zr(1)+2r AT

r?—6r=0

r=6 (asr > 0) Al

Note: Do not award final A7if r = 0 is included.

[4 marks]

7M. AHL.TZ1.H_3

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

METHOD 1
use of sec’x = tan®x +1 M1

tan?x + 2tanx +1 =0

(tanx + 1)2 =0 (M1)

tanx = —1 A7
x=2 T A141
4
METHOD 2
1 2sinx -0 M7

COSZX Cosx

1 + 2sinxcosx = 0

sin2x = —1 MI1AT

3 7w
2x = —, —
27 2
3 7w
X =— T ATAT

Note: Award A7A0 if extra solutions given or if solutions given in degrees (or both).



18M.1.AHL.TZO.F_2

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

METHOD 1

AL = 4 A% + 4 AL+ P or equivalent MI1AT
=4RA+ )+ LA+ ] A1
=8A+4l+1A+]

=12A+5/ AG

[3 marks]

METHOD 2

A3 = ARA+ ) =2A%+ AI=2QA+ )+ A(=5A+2)  MIAT
A= ASA+2N) AT

=5A2+2A=502A+ ) +2A

=12A + 5/ AG

[3 marks]

b. . [18 2 18 2 4 2 4 0] _[10 o
Bz‘[1 11] (A7) [1 11]‘[1 —3]‘[0 4]‘[0 10] (A7)
=> k=10 A1 [3 marks]

19M.1.AHL.TZO.F_13

a.

*This question is from an exam for a previous syllabus, and may contain minor differences in
marking or structure.

suppose AX) = AY),ie AX=AY (MI1)

then AT'AX = A™'AY AT

X=Y A1

since iX) = AY) = X =Y, fis an injection R1

now suppose C € Mand consider AiD) = C,ie AD=C M1

then D= A" C (A ! exists since A is non- singular) A7

since given C € M, there exists D € Msuch that AD) = C, fis a surjection  RT

therefore fis a bijection AG



b. supposefl )= ,ie = then det( )det( ) = det( )
since det( ) = o, it follows that det( ) = o

it follows that fis not surjective since the function cannot reach non-singular matrices

therefore fis not a bijection

EXN.1.AHL.TZ0.8
Vertical stretch, scale factor 3 Al
Horizontal stretch, scale factor % ~ 0.318 Al
Horizontal translation of 1 unit to the right Al

Note: The vertical stretch can be at any position in the order of transformations. If the
order of the final two transformations are reversed the horizontal translation is 1 units to
the right.

[3 marks]

EXN.1.AHL.TZ0.16

a.

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

Let X be the number of people who arrive between 9.00 am and 9.01 am
X~Po9

PX>7=PX=>8 (M1)

0.676 0.67610 ... Al
[2 marks]
b. Mean number of people arriving each 30 seconds is 4.5 (M1)

Let X, be the number who arrive in the first 30 seconds and X, the number who arrive
in the second 30 seconds.



P(Shunsuke will be able to get on the ride)

=PX; <4XPX, <3+PX; =5XPX, <2+PX; =6XxPX, <1+PX; =7xPX,=0

for first term,  for any of the other terms. null
for one correct value, for four correct values.

=0.221 0.220531 ..

EXN.1.AHL.TZO.11

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

Odd vertices are B, F, H and | (M1)A1
Pairing the vertices M1

BF and HI 9+3=12
BH and FI 4+11 =15
Bl and FH 3+8=11 A2

Note: award A1 for two correct totals.

Shortest time is 105 + 11 = 116 (minutes) M1A1

[7 marks]

EXN.1.AHL.TZ0.13

a.

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

xX=y M1

y = 2t - 4y? Al

[2 marks]

b. tn+1=tn+0'1 xn+1=xn+0.1yn yn+1:yn+0'12tn-4yrzl (M1)(A1)



Award for a correct attempt to substitute the functions in part (a) into the
formula for Euler's method for coupled systems.

Whent=1 x=0.202 0.20201 ... x=0.598 0.59822 ...

Accept y =0.598.

2IN.1.AHL.TZO0.6

[2 marks]

b. 2x0.8""1<0.5 OR 2x0.8""1=0.5 M1) n> 7.212 .. (A1)

n=28 AT

Note: If n = 7 is seen, with or without seeing the value 7.212 ... then award MTA7TA0.

[3 marks]

21N.1.AHL.TZ0.9

ATAT

[2 marks]

b. ,_ 0.8 0. A7) a0 _ 0.75 0.75 0.75 AT
A= 092 0. (AN A= e 0 25 (M1)

NNFoN



2IN.1.AHL.TZO0.11

METHOD 1

attempt to find AC using cosine rule M1

72 = 10% + AC? -2 x 10 X AC X cos 40° (A1)
attempt to solve a quadratic equation (M1)
AC=4.888 .. AND 10.432 .. (A1)

Note: At least AC = 4.888 ... must be seen, or implied by subsequent working.

minimum area = %x 10 x 4.888 ... X sin40° M1

Note: Do not award MTif incorrect value for minimizing the area has been chosen.

=15.7 m? ATl
METHOD 2
attempt to find ACB using the sine Rule M1
sin C sin 40

0 7 (A7)
C=66.674..° OR 113.325 ..° (A1)
EITHER

B =180-40-113.325 ...
B =26.675..° (A1)

area = §x10x7xsin26.675 M1

OR
sine rule or cosine rule to find AC = 4.888 ... (A1)

minimum area = %x 10 x 4.888 ... X sin40° M1



=15.7 m?

Award if the wrong length AC or the wrong angle B selected but used
correctly finding a value of 33.5 m? for the area.

2IM.1.AHL.TZ1.1

X~Po8.8 (M1)

Note: Award (M17) for calculating the mean, 8.8, of the distribution

PX>9=PX>10 OR PX>9=1-PX<9 (M1)

PX>9=10.386 (0.386260 ... ) (M1)A1

Note: Award (M1)(MO)(M1)AO for finding PX >9 = 0.518 (0.517719 ... ) OR
PX<9=0.614 (0.613740 ...).

[4 marks]

21IM1.AHL.TZ1.1

a.

Convenience Al

[1 mark]
b. Hy: 1% of the toys produced are faulty AT
[2 marks]
Hy: More than 1% are faulty AT

c. X~B200, 0.01 (M1) PX>4=0.142 Al

Note: Any attempt using Normal approximation to find p-value is awarded MOAO.



d 14% > 10%

so there is insufficient evidence to reject Hy.

Do not award

. Accept "“fail to reject Hy" or "accept Hy".

2IM1.AHL.TZ1.17

new functionis fx-a+b=Inx-a+b
fO=In-a+b=1 Al
fed=Ine3-a+b=1+1n 2 AT

In-a =1ne3-a-In 2 (M1)

e3-a

In-a = In >

2a=¢e3

-a
a= -e3 = -20.0855 .. AT

b=1-In e2=1-3= -2 (M1)A1

[7 marks]

2IM.1.AHL.TZ2.10

r=2=20_g35
n

20 83.5333 ...

[1 mark]

b. ox? 2506”

[2 marks]

c. 82.1, 84.9

(M1)

A1

=13.9 13.9126 ...

(M1)

82.1405 ..., 84.9261 .. A2

[2 marks]

A1



d.

85 is outside the confidence interval and therefore Talha would suggest that the
manufacturer's claim is incorrect

The conclusion must refer back to the original claim.

Allow use of a two sided t-test giving a p-value rounding to 0.04 < 0.05 and
therefore Talha would suggest that the manufacturer's claims in incorrect.

2IN.1.AHL.TZ0.14

a.
let X be the random variable "the weight of a sack of potatoes”
PX < 50 (M1)

=0.588 kg 0.587929 ... AT

[2 marks]

b. PX<1=0.25 (M1) 49.2 kg 49.1929 .. AT

[2 marks]

c. attempt to sum 10 independent random variables (M1)
10 B

Y= 1 X;~N498, 10 X 0.9 (a7) PY >500=0.241 AT
L=

[3 marks]

22M.1.AHL.TZ2.10

a.

1
y:h’lﬁ

an attempt to isolate x (or y if switched) (M1)

1
V =
€ x-2
x-2=e7
x=eV+2

switching x and y (seen anywhere) M1



f'l(x) =e*+2

b. sketch of fx and f'l(x) x=2.12 2.12002 ..

22M1.AHL.TZ2.14

10 10
Vznfyz dx OR nfxz dy (M1)
0 0

h=2

znx%x2x42+52+2x62+82+72+32 MI1AT

=1120 cm? 1121.548 ... AT

Note: Do not award the second M7 If the terms are not squared.

[4 marks]
22M1.AHL.TZ2.16
a.
attempt at chain rule (M1)
2
V= dop _ 2t cos t AT
dt -2t sin t?
[2 marks]
b. attempt at product rule (M1) 2 cos t%-4t* sin t?
a= o ) ) A1l
-2 sin t“-4t* cos t
let S=sin t?> and C =cos t* finding cos 6 using
METHOD 1
a-OP = 28C - 4252 - 25C - 4t2C? = - 4¢2 Ml OP=1 g= ch S4828% + 228 - 4¢2C*
=4+ 16t* > 4t* if 8 is the angle between them, then . . g_ _ at’ AT
Va4 + 16t*
so -1 < cos 8 < 0 therefore the vectors are never parallel R1 METHOD 2




solve 2 cos t%-4t? sin t? _  Sin t2 then

= M1
-2 sin t?-4t* cos t? cos t?
k = 2 cos t?-4t? sin t? __ -2 sin t? - 4t cos t?
- 2 - 2
sin t cos t

N t Condone candidates not excluding the division by zero case here. Some might
go straight to the next line.

2 cos? t?-4t%cos t? sin t? = -2 sin? t?-4t* cos t? sin t?

2 cos? t2+2 sin? =0 2=0

this is never true so the two vectors are never parallel

embedding vectors in a 3d space and taking the cross product:

sin t2 2 cos t?-4t* sin t? 0
cos t2 X -2 sin t?2-4t? cos t¢2 = 0
0 0 -2 sin? t?-4t* cos t? sin t?-2 cos® t?+ 4t cc
0
=0
-2

since the cross product is never zero, the two vectors are never parallel

22M.1.AHL.TZ2.7

METHOD 1

— =9 AT

therefore u; = 9-9r
U =4+ wr AT

substitute or solve graphically: M1

9-9r=4+9-9rr OR 142=9

-T

9r2-18r+5=0
EER—
"=3 =3
only r = % is possible as the sum to infinity exists R1
1
then Uuq =9-9X§= 6

12 2
u3—6><§ —5 AT



METHOD 2

A1

attempt to solve M1

Uy —9
N

up
L=9
Uy
u? =36
u = =+6
attempting to solve both possible sequences

6, 2, .. or -6, -10

only r = % is possible as the sum to infinity exists

2 2
3



