Extended Questions (Paper 2, HL)

Mark Schemes

Question 1

Paul finds an unusually shaped bowl when excavating his garden. It appears to be made
out of bronze, and Paul decides to model the shape in order to work out its volume.

By uploading a photograph of the object onto some graphing software, Paul identifies that
the cross-section of the bowl goes through the points (—4,0), (—6,6), (—5,4), (-=3,1.5)
and (0, 1). The cross-section is symmetrical about the y-axis as shown in the diagram. All
of the units are in centimetres.

He models the section from (—4, 0) to/ (=6, 6) as a straight line.

(a) Find the equation of the line passing through these two points.

|
[
|
|
6
1

Paul models the section of the bowl that passes through the points (=6, 6), (=5, 4),
(—3,1.5) and (0, 1) with a quadratic curve.

(b) (i) Findthe equation of the least squares quadratic curve for these four points.

(ii) By considering the gradient of this curve when x = —0.5, explain why it may
not be a good model.

Equations of a straight y=mx+c;ax+by+d=0; y—y=m(x—-x)
line

Y2 =N

X =X

Gradient formula

L-0
&) gradient = gy = -3

= -3

=) 7-—0 = —3(x-("+)) (:‘,_‘/.)=('q'0)

7=‘3x‘|2

\3) (i) Use aLuaAra.'tic leasT squares regression
caleulateor on GDC
7 = mxz* bx + ¢

o= 0.2234848Y4 b= 0.51136363
c=1.00378787

y = 0.223x" + 0.511x + .00 (3 s.f.)

(i) Use GDC to find gradient
At x=-0.5, %L= 0.288 (3 s.f.),
w

The sfacl;gnt is fo!ﬁtivq, bot the

clio.jrn.m L\uo.(‘r shows o nesat‘-vq
SfAA;er\t w\ngn x= -0.5,
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http://www.exampaperspractice.co.uk

=

EXAM PAPERS PRACTICE

Y Axis of symmetry of the 7
graph of a quadratic f(x)= ax® +bx+c = axis of symmetry is x =——
function 2a

C) We needi o flad a8, & Foe Y= ox thx+c.

(‘(_o,(ﬂ) :> Y:(D when x=-06

G2 al-6) +hlL) e e = Fu-bhte=b

Paul thinks that a quadratic with a minimum at (0, 1) and passing through the point —
o,\) = = hea %=
(=6, 6) is a better option. ( : ) > 7 ! whea x=0
2
(c) Find the equation of the new model. | = o.(O) + \,(O) ¥ c _—_—> c=| ::> 3ba-6b =5
[4]
Believing this to be a better model for the bowl, Paul finds the volume of revolution about Miis, & (0, \ ) = axi s of ¢ Y el y is x=0
the y-axis to estimate the volume of the bowl.
. i b S
(d) Re-arrange the answers to parts (a) and (c) to make x a function of y. b 0 => b=0 => 30 o = =9 => o = _3_(;
[3]
(e) (i) Write down an expression for Paul’s estimate of the volume as the difference of 5 1
two integrals. = X % |

(ii) Hence find the value of Paul’s estimate.

........ 36 X"+

el

—6 -4 —2 0

' ‘ ‘ = -3y - = 5
—6,6) ] 1 ‘A. 7'— 3)( 12 7_

'Ffbv'\ fo-ft (o) from rmrt ()

cl) 7='3x‘|2 . X = -

Paul thinks that a quadratic with a minimum at (0, 1) and passing through the point g i
(=6, 6) is a better option, 7.= 36 X * | = A - S (7 - \)
(¢) Find the equation of the new model.

[4]

Believing this to be a better model for the bowl, Paul finds the volume of revolution about
the y-axis to estimate the volume of the bowl.

(d) Re-arrange the answers to parts (a) and (c) to make x a function of y.

(3]

(e) (i) Write down an expression for Paul’s estimate of the volume as the difference of
two integrals.

(ii) Hence find the value of Paul’s estimate.
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Paul thinks that a quadratic with a minimum at (0, 1) and passing through the point
(=6, 6) is a better option.

(¢) Find the equation of the new model.

[4]

Believing this to be a better model for the bowl, Paul finds the volume of revolution about
the y-axis to estimate the volume of the bowl.

(d) Re-arrange the answers to parts (a) and (c) to make x a function of y.

y+12 2

L ® =20 (3]

(e) (i) Write down an expression for Paul’s estimate of the volume as the difference of
two integrals.

(ii) Hence find the value of Paul’s estimate.

Question 2

A boat is moving such that its position vector when viewed from above at time t seconds

can be modelled by
B (10 - asin(%))
(1~ cos (g5g))

with respect to a rectangular coordinate system from a point O, where the non-zero
constants a and b can be determined. All distances are given in metres.

The boat leaves its mooring point, at time ¢t = 0 seconds and 5 minutes later is at the point
with coordinates (—20, 40).

(a) Find
(i) thevaluesofaandb,

(ii) the displacement of the boat from its mooring point.
(b) Find the velocity vector of the boat at time ¢t seconds.

After setting off, the boat reaches a point P where it is moving parallel to the x-axis.

(c) Find OP.

(6]

Volume of revolution

V:J-:nyzdx or V:_[:n:xzdy

about x or y-axes

( (7") v!f
(m?ProxnmAte\ )

t) -y

) () x=-L5 = (-
ve () by -fm

(it) Use GDC te va‘ua\te }ntajro\s

(% (y-1) &y

V= 62T = 194, 778744 ...

V=195 cm® (3 5.5)

(d) Find the time that the boat returns to its mooring point and the acceleration of the
boat at this moment.

(@) When t=5(60) =300, v = —20> 3]
40

Do not oOssume the moor{r\\cj point is ot the origin,

10 = osn 3001) = =20
600
a=30__ =30
sin )
b( - cos 600)) =40
40

b = T s (D

a =30, b=40

10— 305'\-'1(0)

_ (IO)
40(|—cos(o)> 0
Displocement = W:

() Ac £=0, r =

50 metres
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A boat is moving such that its position vector when viewed from above at time t seconds

can be modelled by

10 — asin (%)

b (1 ~cos (g55))

with respect to a rectangular coordinate system from a point O, where the non-zero
constants a and b can be determined. All distances are given in metres.

The boat leaves its mooring point, at time t = 0 seconds and 5 minutes later is at the point
with coordinates (—20, 40).

(a) Find
(i) thevaluesofa and b,

(ii) the displacement of the boat from its mooring point.

(b) Find the velocity vector of the boat at time ¢t seconds.

5

After setting off, the boat reaches a point P where it is moving parallel to the x-axis.

(c) Find OP.

A boat is moving such that its position vector when viewed from above at time t seconds
can be modelled by

10 — asin (600)

b (1~ osg50))

with respect to a rectangular coordinate system from a point O, where the non-zero
constants a and b can be determined. All distances are given in metres.

The boat leaves its mooring point, at time ¢t = 0 seconds and 5 minutes later is at the point
with coordinates (—20, 40).

(a) Find
(i) thevaluesof a and b,

(ii) the displacement of the boat from its mooring point.

(b) Find the velocity vector of the boat at time ¢t seconds. - % cas(%)
v =
'n: in/ Tt
= sin <6DO [2]
After setting off, the boat reaches a point P where it is moving parallel to the x-axis.

(c) Find OP.

(d) Find the time that the boat returns to its mooring point and the acceleration of the
boat at this moment.

(31

(b) V¥ =dr Lormula book [Derivative ofsinx S(x)=sinx = ['(x)=cosx
d,b L—) Derivative of cos x Sf(x)=cosx = f'(x)=—sinx
&_dv Llu
hain rul = EC e Ul
IC ain rule I} 2wy =f(x) = T
v =

—30(-—=¢o 5
600 600 600)
- =Xt Ib)
40(600 (oo 600

- cos( Xt
_[T26%* (600
X sin(Xt

600,

(d) Find the time that the boat returns to its mooring point and the acceleration of the
boat at this moment.

(3]
(c) Parollel to the X -oxis > on&a) the oc- coordinakes are chomsfns.

VeLoc‘-!:\'j e y-direstion will be zero

lsin(—mb> o = S\(\(_’Eb)
600,

1S 60
Ty =sin"'0
600
L _
600 = "

t =600n when v =1, t =600
find the position of the boak when t=600s.
r = (10-320sn T\ _ (10

40(1 - cosT) 80
z
Displacement = [(0-0)"+ @o-0)* = J6500

= 10 J65

B0.6 mekres
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A boat is moving such that its position vector when viewed from above at time t seconds

(d) Find the time that the boat returns to its mooring point and the acceleration of the
can be modelled by

boat at this moment.
= 3
_ 10 asm(ﬁoo) (3]
b (1 cos (600)) (d) The funckions of sin ond cos both repest exe;r\j 2T vodions.
with respect to a rectangular coordinate system from a point O, where the non-zero me, boak will be bock ot its mmr\v\\a poink when
constants a and b can be determined. All distances are given in metres.
Tt - ox
The boat leaves its mooring point, at time t = 0 seconds and 5 minutes later is at the point 600
with coordinates (—20, 40). t = J200 se_conds = 20 minutes
(a) Find o= div
(i) thevaluesof a and b, dk
(ii) the displacement of the boat from its mooring point. Q= -": > 75
600 IZOOO (;.00
4] ( T* £
600 600 q000 “03 QE oo)
(b) Find the velocity vector of the boat at time ¢t seconds.
3
[2] L___sin (2T
when & = 1200, a = (12000 £ il
After setting off, the boat reaches a point P where it is moving parallel to the x-axis. T? T
—=__ 3000,
%055 Cos2TD)
(c) Find OP.
z
[6] - : . ==
t =20mins, a = Q000 ™S

Question 3

On a particular island, a particular species of bird was initially recorded as having a .
population of 80 at the start of a programme of observations. Over time, the scientists &) Use se P calion of vaciables To selva The
conducting the programme determined that the growth rate of the bird population could
be modelled by the following differential equation

c‘»‘vf{'&re‘nt ;cpl Qtlun.t;en .

dx 7 d
i — x
dt5°

where x is the size of the bird population, and t is the length of time in years since the Y =5
start of the programme. => g—; Ax = S it c\t

Don't forgel conslanl

of intagralion!
% 3

(a) Find the population of the bird species two years after the start of the programme.

[51 7

§Edx = lalxlve. Bul x is The size of a population and can't be

negative, so we doat need the modulus sign kece.

&
=> X P\es —t*c_(est) = Re3t Litl A=ef

Whan £=0 (iaitially’), x=80. So:
3t

80=Ae° => A=30 => x=80¢

Sa w‘nen t= Z,

$() _ -

x=380e 80eS = 1315.5M 4.

1320 bieds (3s.F)
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When the population of the bird species reaches 2000, a new reptile species is introduced e ey T
to the island in order to control the bird population. Initially 280 reptiles are introduced coupled systems e Ry

= h is a constant

to the island. Based on their research the scientists believe that the interaction between Fun = Yo ¥ X S50 30 0,) (step length)
the two species after the introduction of the reptiles can be modelled by the system of by =ty +h
coupled differential equations

dx S .

d_=(3_0_012y)x ‘b‘) 0.5 . \" N 50 W\H neevl ‘ta vse L" stars

; i
%=(0.0007x—1)y L X"+O-5((3'°-°‘17«)’<n)
= 0.0007 - )

Where x and y represent the size of the bird and reptile populations respectively. ‘/ axl e +0.5 ( ( B l) 7=
(b) Using the Euler method with a step size of 0.5, find an estimate for i F T t <r O S

(i) the bird population 2 years after the reptiles were introduced

(ii) the reptile population 2 years after the reptiles were introduced. n L., X In
(6] 0 (o) 2000 280
| 0.5 (40 3306
(c) Explain how the approximation in part (b) could be improved. 0 1 293.76 360 86
m 3 1.5 265.706 230.68
(d) Show that the origin is an equilibrium point for the system, and determine the “ 2 216.33 16645

coordinates of the other equilibrium point.

(3] Gy 217 bicds D) V66 refti\e_s

When the population of the bird species reaches 2000, a new reptile species is introduced

to the island in order to control the bird population. Initially 280 reptiles are introduced

to the island. Based on their research the scientists believe that the interaction between )

the two species after the introduction of the reptiles can be modelled by the system of C;) D ecreonse tL Q St e f’ s172e.
coupled differential equations

9 (3-0012)
dt_ . yx

dy
— = (0.0007x — 1

3t = ¢ x=1)y

Where x and y represent the size of the bird and reptile populations respectively.

(b) Using the Euler method with a step size of 0.5, find an estimate for
(i) the bird population 2 years after the reptiles were introduced

(ii) the reptile population 2 years after the reptiles were introduced.
(c) Explain how the approximation in part (b) could be improved.

(d) Show that the origin is an equilibrium point for the system, and determine the
coordinates of the other equilibrium point.

For more help, please visit www.exampaperspractice.co.uk
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When the population of the bird species reaches 2000, a new reptile species is introduced

. d
to the island in order to control the bird population. Initially 280 reptiles are introduced A) An e qv e s po 1al 38 whace % 20 awd I‘tL =0
to the island. Based on their research the scientists believe that the interaction between I
the two species after the introduction of the reptiles can be modelled by the system of
coupled differential equations Ax _ _ o012 (o 0) =

At (o, 0), - (3-0.012(0))(0) = 0 and
& (3-0.012y)x B}
de =i I7_=(o.ooov(o)-l)(o):o, so the ocigin
d
L (0.0007x = 1)y ) ) _
de V& an ei\Jl];Lrlum ?o;n't.
Where x and y represent the size of the bird and reptile populations respectively.
(b) Using the Euler method with a step size of 0.5, find an estimate for Also % =0 when
(i) the bird population 2 years after the reptiles were introduced s
i _ ' _ _ 3-0.012y=0 = y =150
(ii) the reptile population 2 years after the reptiles were introduced.
d
(6] Aﬂc\ 1-%=O when
s 10000
(c) Explain how the approximation in part (b) could be improved. 0.0007x -1 =0 => x= ] = I428.571428...
[1] oy : : :
TL\P_ ot\nzr eiun \ |L\"|um ?O|nt 15
(d) Show that the origin is an equilibrium point for the system, and determine the 10000
coordinates of the other equilibrium point. (___,_ 25 O) oc & f r cOXiIm .,.t e |7
L 3
[3]
(1429, 250),
Question 4
A new car costs $20 000 and its value depreciates to $14 792 after 2 years. a) l) Dep P@Clahon "O fMlA[lJ\
c \N
(a) Calculate Fv= PV ( - loo) (noF w formula booklet)

(i) the annual rate of depreciation of the car

FV=11742. PV=20000 n=2
i3] Sub FV, A pagd n mbe bormuloe and solve

(if) the value of the car after 5 years. Give your answer correct to 2 decimal places.

(b)Find the number of years and months it will take for the car’s value to be

approximately $4000. for r uswng your GDC.
B 4790 20 000 (1- ms)
T
i) PV=20000 =4/ n=S
Sub PV r and n who formulo..
FV=20000 (1- Y

FVa §9408.54  (2dp)
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In a game, enemies appear independently and randomly at an average rate of 2.5 enemies
every minute.

(a) Find the probability that exactly 3 enemies will appear during one particular minute.

[1]
(b) Find the probability that exactly 10 enemies will appear in a five-minute period.

[2]
(c) Find the probability that at least 3 enemies will appear in a 90-second period.

[2]

(d) The probability that at least one enemy appears in k seconds is 0.999. Find the value
of k correct to 3 significant figures.

[2]

(e) A 10-minute interval is divided into ten 1-minute periods (first minute, second minute,
third minute, etc.). Find the probability that there will be exactly two of those
1-minute periods in which no enemies appear.

[4]

Poisson distribution X ~ Po(m)
Mean E(X)=m

Variance  Var(X)=m

In a game, enemies appear independently and randomly at an average rate of 2.5 enemies
every minute.

(a) Find the probability that exactly 3 enemies will appear during one particular minute.

(1]

(b) Find the probability that exactly 10 enemies will appear in a five-minute period.

(c) Find the probability that at least 3 enemies will appear in a 90-second period.

[2]

(d) The probability that at least one enemy appears in k seconds is 0.999. Find the value
of k correct to 3 significant figures.

[2]

(e) A 10-minute interval is divided into ten 1-minute periods (first minute, second minute,
third minute, etc.). Find the probability that there will be exactly two of those
1-minute periods in which no enemies appear.

Poisson distribution X ~Po(m)

Mean E(X)=m

Variance  Var(X)=m

\3) Scale the wesn m to the J:ngq.{t time inTerval:

m=5%x2.5=12.5
X~ Po(12.5)

P(X=10)= 0.09564%363 from GDC

0.0956 (2 s.f’.)

c.) Scale the meon m to the diffecenl Time intervel:
m =z <1.5 = 3.75
X ~ Po (3.75)

P(X323)=0.72293155 feem GDC

0.723 (3 +.§.)

For more help, please visit www.exampaperspractice.co.uk
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In a game, enemies appear independently and randomly at an average rate of 2.5 enemies
every minute.

(a) Find the probability that exactly 3 enemies will appear during one particular minute.

[1]
(b) Find the probability that exactly 10 enemies will appear in a five-minute period.

[2]
(c) Find the probability that at least 3 enemies will appear in a 90-second period.

[2]

(d) The probability that at least one enemy appears in k seconds is 0.999. Find the value
of k correct to 3 significant figures.

[2]

(e) A 10-minute interval is divided into ten 1-minute periods (first minute, second minute,
third minute, etc.). Find the probability that there will be exactly two of those
1-minute periods in which no enemies appear.

[4]

Poisson distribution X ~ Po(m)

Mean E(X)=m

Variance  Var(X)=m

In a game, enemies appear independently and randomly at an average rate of 2.5 enemies
every minute.

(a) Find the probability that exactly 3 enemies will appear during one particular minute.

[1]

(b) Find the probability that exactly 10 enemies will appear in a five-minute period.

(c) Find the probability that at least 3 enemies will appear in a 90-second period.

[2]

(d) The probability that at least one enemy appears in k seconds is 0.999. Find the value
of k correct to 3 significant figures.

[2]

(e) A 10-minute interval is divided into ten 1-minute periods (first minute, second minute,
third minute, etc.). Find the probability that there will be exactly two of those
1-minute periods in which no enemies appear.

. AT Binomial distribution
Poisson distribution X ~ Po(m) X ~B(n, p)
Mean E(X)=m Mean E(X)=np
Variance  Var(X)=m Variance Var(X)=np(l- p)

) P(%21)=0.999 => P(x=0)= |-0.999 =0.00]

Con uvig ' Teial end écisr To Find associated

PO;SSOn mean or use ecLuo«tlun solver on GDC.

Solve N (Poiseon PD (0,%) = 0.001) = 6. 907755279

2.5
So m= 7o k = 6.907755279

e

ro.'lle Per num\)er o{'
suonJ SEI‘.anAS
60

= k= 25 *6.907755279 = 165. 7861267

1bb seconds (3 s.f.)

e) For o.r\7 one-minvle Fer\ocl, X"' PO(Z-S) A

P(X=0)=0.08208499 from GDC

IF N ;5 tLa num‘ber o% t‘nosq Per'to(ls '|r\ \M‘V‘;‘.L no

enemies appear, then N~ B (10, 0.08208449)

P(N=2)=0.15281281 feom &DC

0.153 (3 ¢.%.)
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On the next level of the game, there is a boss enemy and a number of additional henchmen 'S: ) FD r 'tL e “o 055, t\n e mean 'FD s 3 - nvt es
to fight against.
5 3= 1.1 =3.3.

The number of times that the boss enemy appears in a one-minute period can be modelled
by a Poisson distribution with a mean of 1.1. For one \Av_ﬂr.\wmzxﬂ, The meon ‘ﬂ:or 3 minvtes
The number of times that an individual henchman appears in a one-minute period can be s 3 0.6 = 1. 8
modelled by a Poisson distribution with a mean of 0.6.

5(: vl!t‘r\ 12 \ﬂe«x:\aw\en' t\ﬁ@. tota\ meaoan

It may be assumed that the boss enemy and the henchmen each appear randomly and

independently of one another. This meons the som will is 3.3+ 1.38n
olso be Poisson
Each time that the boss enemy or any particular henchman appears, it is counted as one I {: P\ s t\n e t o't o \ nu m\: er a'T' enewm

‘enemy appearance’.

appeorances, Then A~ Ps(3.3+ I-Bn)_

(f) Determine the least number of henchmen required in order that the probability of 40
or more ‘enemy appearances’ occurring in a 3-minute period is greater than 0.38. You .
may assume that neither the boss enemy nor any of the henchmen are able to be Coan vse ‘tr'\»\ ond ercor to Fini tlne recLuu‘ecl

totally eliminated from the game during this 3-minute period. .
Fo-sson meQon orf use eiuo.tinﬂ so\ver on GDC.

Solve N (Poisson €D (40,1%107%, x)=0.38) = 37. 77549904
e~ \_’—\{'_‘—/

40 o more The Tolal mean needs to
be bigger than This

=> 3.3+ 1.8, > 37. 77549904

Bul cemembar, n hes
1

~> o> 1%083055. Lot

minimuom of 20 henchman

Question 5

James throws a ball to his friend Mia. The height, h, in metres, of the ball above the ground is

modelled by the function o ) Thig s the he '\j\ﬂt WL\Q_H t=0
h(t) = =1.05¢% + 3.84t + 1.97, t=0 1
W(0)=-1.05(0) +3.84(0)+1.97 = 1.47
where t is the time, in seconds, from the moment that James releases the ball.
(a) Write down the height of the ball when James releases it.
r=0 1.97 =™

[1]
After 4 seconds the ball is at a height of g metres above the ground.
(b)Find the value of q.

[2]
(c) Find h'(t)

[2]
(d)Find the maximum height reached by the ball and write down the corresponding time t.

[3]

The highest Mia can reach her hands up to catch the ball is 1.92 m above the ground, and she is
able to catch the ball at that height or at any height less than that.

(e) Find the total time that the ball would be at a height at which Mia could catch it, if the ball
were allowed to move freely until it hit the ground.

[3]

For more help, please visit www.exampaperspractice.co.uk
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James throws a throws ball to his friend Mia. The height, A, in metres, of the ball above the
ground is modelled by the function

h(t) = —1.05t> +3.84t +197, ¢t=0

where t is the time, in seconds, from the moment that James releases the ball.
(a) Write down the height of the ball when James releases it.
t=M
After 4 seconds the ball is at a height of g metres above the ground.
(b) Find the value of q.
[2]

(¢) Find i’ (t)

(d) Find the maximum height reached by the ball and write down the corresponding
time ¢.

James throws a throws ball to his friend Mia. The height, i, in metres, of the ball above the
ground is modelled by the function

h(t) = —1.05t? + 3.84t + 1.97, t=0

where t is the time, in seconds, from the moment that James releases the ball.

(a) Write down the height of the ball when James releases it.

After 4 seconds the ball is at a height of ¢ metres above the ground.

(b) Find the value of q.

(c) Find h'(t)
[2]

(d) Find the maximum height reached by the ball and write down the corresponding
time t.

n

b) W(4)=-1.05 (L})l+3.gq(q) +1.97

n

-16.8 +15.36 +1.97 = 0.53

q = 0.573

F(x) = x" = {'(x) = ™! } Derivalive of x"

) h (1) = -1.05 (2t) + 3.8% (1) + O

Wi(t)=-2.1t +3.84

For more help, please visit www.exampaperspractice.co.uk
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James throws a throws ball to his friend Mia. The height, h, in metres, of the ball above the
ground is modelled by the function

A) L\(_t) \f\ms 8 wmoaXimum wL\En \nl('t):O
h(t) = —1.05t% + 3.84t + 1.97, t=>0

where t is the time, in seconds, from the moment that James releases the ball.

-2.1t +3.84% =0
(a) Write down the height of the ball when James releases it. 7.1t = 3. 8%

‘[_,__ exact answer

.84 ()

(] 2 ===

t="5 55 = \.828571...
After 4 seconds the ball is at a height of ¢ metres above the ground.

(b) Find the value of q.

t 2 (;: sechAs = ‘-83 SELGV\AS (3 5.{.)

@Findw'® | ' (£) = - 2.\t +3.84

2
G4 Y _ (ﬁ_ ‘) oY
[2] L\(—G?)——\.OS 35 +3.8L|(-?5— *1.97
(d) Find the maximum height reached by the ball and write down the corresponding = 5.48303857...
time t.
(3] maximum l-\e'-ﬁ\n't =5.48 m (3 5-f-)
* Yoo cauld alse Tiad ‘H«ase vmluzs Ly 3raf\nln3
\,\(‘t) on yeur GDC ond )f"'\v\ck'lw\j the max.
James then drives a remote-controlled car in a straight horizontal line from a starting
position right in front of his feet. The velocity of the remote-controlled car in ms™1 is _ds _ - S
given by the equation ED ¥ (t) dt _> s(t) i (t) CH:
5519 S .3 _\9 .2
Ay e e gitY= S(?t -t eet-2) 4t
onslant of
(e) Find an expression for the horizontal displacement of the remote-controlled car from 5 " 9 3 2 v i-t: gration
its starting position at time t seconds. = -E t i t + 9t - 21 + ¢
(4]
(f) Find the total horizontal distance that the remote-controlled car has travelled in the Bul 520 when T=0 i =8
first 5 seconds. g " a B
19
(3] 0 -7 () +9(0) -2(0)+c =0

s(t)=2t'- gt +at’-at
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James then drives a remote-controlled car in a straight horizontal line from a starting
position right in front of his feet. The velocity of the remote-controlled car in ms™" is
given by the equation

5 19
= ) ) _
v(t) s -t 182

(e) Find an expression for the horizontal displacement of the remote-controlled car from
its starting position at time ¢t seconds.

[4]

(f) Find the total horizontal distance that the remote-controlled car has travelled in the
first 5 seconds.
Distonce, not

chsf‘m:emen't'. [3]

Question 6

Consider the following system of differential equations:
&2 +2

a= Y
dy
—=-3x-4
ac- T

(a) Find the eigenvalues and corresponding eigenvectors of the matrix ( iz )

-3 —4)

(6]
(b) Hence write down the general solution of the system.

[2]
When t =0, x =2 and y = 4.
(c) Use the given initial condition to determine the exact solution of the system.

[3]
(d) () Findthe value of $ when ¢ = 0.

(ii) Find the values of x, y and % when t =1In %

[3]
() Hence sketch the solution trajectory of the system for t = 0.

[3]

f) Aistom(e = Szl \V(t)\ it

Distance travelled
feem T, 1o T,

feom GDC

s V4
(1387 -2t st-z]at - s st

|87 mQthS (3 S'F)

&) USE L\m:.racter'-c Qiuo.t;nn te {?ﬂ:l tLe gijenvm\ues;

=% %
-3 4=

} « B3 Y=Y = (B9 = b

Solve with GDC or

=> 3\2“’ 3N+ 2= O \57 ‘Fm:tn(;s;ﬂj

=> N\=-1,-2

Then vse (P\ = )\I)_)_(_ =0 1. .FinA the g:jenvectorsi

For X:‘l ;

=0y 2 x\ _[2x+2y) _ o)
( -3 -y4-(0) )(7) (—h-ﬁ,)'(O
= y= - X = (,ll) is an e'\jenvactor

Aay moltiple of this is alse an e‘.jgﬂ.,ut,,,) for ““"f‘e (»11)-

(257 0 )5) (32)-9)

___> y: _}ix :> (—2) i5 om e’\jev\vector

ﬂ"‘f mu‘tir\z of this is olse an e.\j[nv;(tnr, for exgmr\e (’,})

The e'\jenva\ues are -1 with

Q;Denvector (_tl) , amcl -2 with

e]jenvector (_?5) '
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Consider the following system of differential equations:

Exact solution for coupled .
dx linear differential x=Ae" p, + Be" p,
E—x+2y equations
dy
AT —3x — 4y
-t/ -2t/ 2
(a) Find the eigenvalues and corresponding eigenvectors of the matrix (_13 _24) \0) b A e -\ + B e -3

v itk (1), and -2 with (3)

(b) Hence write down the general solution of the system.

When t =0, x=2 and y = 4.

(<) Use the given initial condition to determine the exact solution of the system.

(d) () Find the value of & when ¢ = 0.

(ii) Find the values of x, y and dy when t =1In 2
dx 7

(e) Hence sketch the solution trajectory of the system for t = 0.

Consider the following system of differential equations:

d—f=x+2y
o Ae (1) +Bet(3) = (3)
E=—3x—4y

- (P\ + 2B ) B (1) Simultaneous equalions

(a) Find the eigenvalues and corresponding eigenvectors of the matrix (_13 2 ) (solve by hand or with &DC)

(b) Hence write down the general solution of the system.
L -2t {2
x = Ae (~|) +Be? (_3)
When t =0, x=2 and y = 4.

(c) Use the given initial condition to determine the exact solution of the system.

(d) (i) Find the value of 2 when £ = 0.

(ii) Find the values of x, y and g—i when t = ln;

(e) Hence sketch the solution trajectory of the system for ¢t > 0.

[3]
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Consider the following system of differential equations:

dx o)

T i
dy
E——Sx—Aly

(a) Find the eigenvalues and corresponding eigenvectors of the matrix (_1 _2 ) ;

(b) Hence write down the general solution of the system.

When t =0, x=2 and y = 4.
(c) Use the given initial condition to determine the exact solution of the system.

X = He_t(-'.) -(oe'n(.lg) [3]
(d) (i) 'Find the value of % when t = 0.

(ii) Find the values of x, y and % when ¢t =1In ;

(e) Hence sketch the solution trajectory of the system for t = 0.

Consider the following system of differential equations:

s +2
T
dy

= _3x—4
dt v

(a) Find the eigenvalues and corresponding eigenvectors of the matrix (_1 _2 ) ;

(b) Hence write down the general solution of the system.

When t =0, x=2 and y = 4.

(<) Use the given initial condition to determine the exact solution of the system.

=t () -6 () 3]

4
(d) () Findthe value of S when t=0. 7= = &
o T dy 12 28 5
(ii) Find the values of x, y and ax when t—ln7. x: 15 y= 0 = - -3

(e) Hence sketch the solution trajectory of the system for t = 0.

A) () 3. -3(2)-4(4)=-22

4t S50 the initial traje_:tor’ is
*dsvin wnd To Thh eiagbt
2 @yram= 0 )
4 J b /at
=y 3L = Lt A b4
A" \0 S dx Ax/tlt
_ a
G) e 7 e D and ST L atead
- \ 2 98
X M) -e(3) - (2)
38 0

) N
_A%_ . _3(%)_\_‘([)): "1_‘18_ So on the ront.u X-axis
the trnjictorr is alse
j; = (B) +2(0) & “down and To the cight’
-q8 d
—:> i’— = _i. = - 3 '_{Z_ - y/dt
98 =
X /‘L'J dx “"/At
e)
(2.4)
(ii 0
27
(V)
J
i N ==
(3) —ay=-%* B

Include the ?D;wts you knew, and use the answers From Tm—'t d)
1o 521: the jrm]ients and diceclions ol these fai-\ts,

Because both Q;ﬂenvmlv‘ES are ceal and nejoft?ve, the 'trajec'tary

will converge on the arijin a5 T increases.
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