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CALCULATOR ALLOWED 2023 12 SPECIALIST TEST 4

Question 1 (8 marks)
A particle is traveling in a straight line with an initial velocity of 3m/s and an acceleration of
a(t) = 9e3t. i s
L0 v*3
(a) Determine the distance travelled in the first 3 seconds. (4 marks)
< . 3
31
vit) < ) 9e , . ,
( ) J e Distance = j,3(’5t/ dt
= 3 P 3t +C =
3=23e" rc
c= 0 = 8i02- O metres
. 3t
v(t) = 3e v
vV ¢ for v (t)

vV correct in teg ral for distance

\/I dis tancé

(b)  Determine an expression for acceleration in terms of displacement, a(x). (2 marks)
) = il 3t
3t a-1e
=2 e +C .
a= 19 ( X =~ )
3t / ,
x(¢)—Cc =€ vV ox(t)
v a(x)
. . _xLo) o t=3
c) Hence, or otherwise, determine the starting position of the object if, at the 3 second point, the
magnitude of the displacement is half the magnitude of the acceleration. (2 marks)
5 ‘ 3(3)
x(3) = a(3) x(3)-9e
2 2

X(3)< 36463 87767

3t
:((e)=c’,L t C -
3) A
3cu63-87167 - 2303 |
v/ % (o)
C= 28360 79375

X (t)= € + 26360 F9
x (0) = | + 28360-%9
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CALCULATOR ALLOWED 2023 12 SPECIALIST TEST 4
Question 2 (8 marks)

Researchers found the reaction time of mice by playing a loud buzzing sound which stopped when the
mouse turned around. The reaction times were said to be normally distributed with an estimated mean
of 151 milliseconds and a standard deviation of ¢ milliseconds. Samples of 40 mouse’s reaction times
are recorded and the means are found to create the sample mean distribution X.

(a) State the distribution for X and its parameters. (3 marks)

n > 30 X 15 normal

—

" s o \2 .
X ~ N (I5/ ) ) /'77':‘:1:/'1;% X normal
(T v 9

with reason

Z o
vV X méan
v X sS.d4. (or variancgg )

(b)  Discuss the effects that increasing the sample size would have on X. (1 mark)

1+ would decrease X 's  standard deviation /variance

oK

V] - : , : /
X dt’Sﬁ‘lbUf’lon woeld ﬁ@‘f skinnier Vcorreet effect

After many samples had been gathered, it was noted that 75% of the samples had a total duration of

buzzing of 6000 milliseconds or greater. 0-3156 / S o
(c) Calculate o correct to 2 decimal places. V 5. (3 marks)
;: - 6‘_—-—-—000 = | 50mS$ v/ d/
40 () .
/ Oo-F5 g8, solve (norm CDF [15(_'1’3()/ < , lSiJ): a }5
S
/i//i////,,— ) ) X e )-$4826022

x ' o & o “ i
= R or I 4826022 O 9. 38ms

A researcher is tasked with calculating a confidence interval to capture the true population mean. The
researcher stated: “I am going to use a very small sample size for my confidence interval as that will
increase its width and hence increase my chances of capturing the population mean”.

(d) Explain an issue with the researcher’s comment. (1 mark)
* Lower samplé 5,3(} means lower pr"ecismn/ variation So the widfh
needs 4p be larger 10 compensatle . Dpes NOT (ncriase c(on tdencé€

’/
v valid issvé

OR

e Dve v inherent naturé OF 5arnp1/r791
1o Confam the tvve nreaii .

not one CL1 has &

Ifughfi’ chance oveér anethe v
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CALCULATOR ALLOWED 2023 12 SPECIALIST TEST 4

Question 3 (11 marks)

A particle is travelling in.a straight line under simple harmonic motion. It is observed only when it
passes through the point x = 0 periodicallyatt = 1,3,5,7,9, ... seconds.

(a) Discuss what the viewer would observe about the particle’s velocity each time it is seen at the
point x = 0. (2 marks)

56me" 5P€c’d beot al‘?‘c‘rma:%znj diréctionsS

‘/ Sam¢é 9/'3 eed

\/ alternat :“:9’
directions

Explain why the function x(t) = Acos ( -Tzft ) ,A € R should be used to model this particle’s

(b)
motion. A brief sketch can be used. (2 marks)
i At x =6 a-f‘f'(‘l‘ (28 h&t/f C:'jC/e)
k\ /\ / at max/'rvun at t=0
W 4 5\@3/‘-} . . 2
Period =y y = <0
w
w=2mr - I
I 2
X ( € = - 1L
(t) A cos ( z T ) \/.’{(;501" 'f@: €oSs

. . P (('i* giram or word.

It is first observed with a velocity of 10m/s. N i

- t;l v=Ii0 \/Jbimﬁ;f‘t W = Hﬂé (f'-t‘("'f)

(c) Determine an expression for the particle’s displacement in terms of time, x(t). (2 marks)
—
x = Acos (ZTt)
V 'A-TZ[ sin (gt)
' ~20 T
. 3 -~ om— (05 = f
x (% ) 5 (2 )

-AT sin (%)

10 =

S 5 m :

AT (1)
0= —AT
’ /
\/ v(t) with A

A- -20

" 'v/ solve {é r A R x (L)
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Determine the percentage of time this particle spent travelling faster than 6m/s.

CALCULATOR ALLOWED
(d)  Prove that the object undergoes simple harmonic motion.
o (t) = 22 (o5 (F¢)
v(t) T 10 sin (T+)
» m
a(t)= 16(F) cos (3¢
= 5w cos (T t)
cemE (2 couFe))
4 m
e TI x(t)
4
(e)
v(t)
i0
G =
: 4
_6 -~
-0

12 SPECIALIST TEST 4

(2 marks)

/

Voa(t) (from x@),v(t))

/ \/Ql:d Prc‘-c-f SHOW/ nj'
Act) - -w? x(t)

(3 marks)
v>6
x Look at 1 full cgc/e,
solve v(t) =16
=041, 159 ,2-u4l, 359

169041 4+ (3-89-2-ul)
(' ) 1 ( . X 100

L

if-—— x 100

L'(-

= 69% of the time.

V solve for £ when v(t)= t6
\/ WO 'K;,qg H’l(‘lu(ler'\ﬁ Lf P/'S ff‘ i 1 f)(’-’r(.?‘('/
or 2x 2ptsfor half a pa"wf'd-

v o/
vV correct /0 Page § of 8
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Question 4 (13 marks)
In a court of law, a tomato sauce company, NATRAL, is being sued for the inclusion of too much salt
within their product. NATRAL claims that their tomato sauce is naturally created and so the salt
content may vary per bottle, but they promise an average of 4.50g per bottle.

Lawyer 1, the lawyer suing NATRAL, sampled 100 bottles randomly, with a mean of 4.888g and a
sample standard deviation of 0.1728g.

(a) Comment, by creating and using a 99.9% confidence interval, on the promise made by

NATRAL. (4 marks)
ey, . 2 - 2.7€
4% =7 z = 3-2905 .
] == v, wo KHACJ [b ci
4888 - 32908 (21027 X < 4888 + 3-2905 [ 01728 N o et
| e 100 J
V ((,A(fu.r:»‘A
qqa/o Ci [1_}85 Lf. " quj (i I“/_‘!‘_”_‘j’rj‘v'
4 CeVTE ¢ N

Whilst we¢ cannot ga,y whether or not +he M /s :n» {-hc-f hz\ghéfl Than
y- GOﬁ +tht ﬁamplc" doe s appear o be faken /—rom o /;ro/oc»/cd/m\
with a mean I/ujh&r’ than & '50§ ,

(b) Calculate the sample size required to reduce the 99.9% confidence interval’s width to below

0.06. (2 marks)
+0-03 4-8886 + 003 = 4 888 + 3-2905( 0 1728 )
vrn
003 < 3.2905 01128 ° p
ey Seorrect foimula
l;(th/:eW(J N
- ~of .
i = 352 < v/ r’c".‘..?d'z.ﬁj P .
= 360 scorés n 5QWLPI€,

Lawyer 2, the lawyer in charge of defending NATRAL, comes up with a cunning plan. This lawyer
took the original sample of 100 bottles and split it into two smaller samples of 50.

Table 1
Sample’s | Sample Lower limit Higher Limit | Confidence
Mean Standard of confidence | of confidence | level
Deviation interval interval

Sample A, |a 0.0756g 4.7180g 4.7600g b

size 50

Sample B, 5.034g c 5.0074g 5.0606g 95%

size 50
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(¢ Determine the values of a, b and c. (1, 2, 2 = 5 marks)
az= y-F600 t+ y-¥i180 y-F6 <y 739 + B ‘0 -0F56 .
2 J 50 5.0606 = 6-034 + 1-960 e
Vo
a = 4-%319 s o
é B = "Qé sz “v‘ c = O 0?5676\7

normCDF (-.wqe, yz,1-9642,1,0)

ol Bl 'v/ correéct .]L\or mvola fl r G
© b=a5% ci / correct ¢
- o
'\// (011 (,‘\ -
{ v/ corvect f;O g la 'fc ¥ B

'v/ Covrl CT b ([i 5 a CI )
This lawyer wanted to discredit the whole lawsuit by stating “These 100 bottles could not be from
NATRAL as these two samples seem to be taken from different sources”.

(d) Discuss this statement with the use of the given confidence intervals from Table 1. (1 mark)

As the two 96° Ci o nod overlap , i1 can be¢ sad
Fhat +hey may have been +aken from Sovrces with
y j cannol be certain ,

d1ffg_r;‘nj means, lfxc)wéVEr‘, Y4

\/c:;-.frr.'('f commnent

(u'a( lodir »(J not
(’(:‘I’ vr’ﬁ:’ 1 "Vl )

It was later found that Lawyer 2 chose sample A by selecting the lowest 50 scores from the original
sample and chose sample B by selecting the highest 50 scores from the original sample.

(e)  Explain the problem in this methodology. ' (1 mark)

. | i ) Y 7§ l. *0
As Lawyer Z chose which Scores went in

I ¢ - : ere NCT randem
sarn,o/&, the Schp/c’S e )

each ,
hence art 5%&4:5%:(@1!{7 irrelevant to make an

‘/ o ~f o V1 € N
1,»,F£r'(2.1’1(,‘(?_ ) V corréctT (orvvé T

abouvt choosiv 9
NOT randon?
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Question 5 (8 marks)

An object is traveling in a straight line. It was initially observed passing through the origin with a
velocity of 4km/s. This object’s velocity is always greater than 0 km/s.

' o
The object’s acceleration is defined as a(x) = x + 4 ‘i P
(a)  Show that the velocity can be defined as v(x) = x + 4 y =4 (3 marks)
o < 2 +#H
(4)* = o +8(0) +ca
d=x i6 = Cz
j‘vdv B J\xfi% dx viix? +8x +16
7P 2 vV © \//_;L——H_Fd
Vo = X huxt € (=
z # v = Xty as v>0-
vt = x® +8x +( Jae) v.dv g f
dx
\z CoOrrél 1 /-';T'z;(jf' i'(?"flC‘ N
vV ov(x)
(b) Hence, or otherwise, determine an expression for the object’s displacement in terms of time,
x(t). . (3 marks)
, b
VA x r '-' X + L‘, = c> .
i - g & L o vV = (l,‘"(", X
AX x4 et FEh Lt ’ dt J
At x+4 = Ae
1 dx :fidw‘: o+ 4 = Ae V x () with ¢
x4 A= 4
o A
| ot wiyp ¥ =lE)
ba [zsul = t T ¢ A
For this experiment, an object is seen to be stationary when it is travelling slower than
0.000 000 01km/s [1 x 107%]
(©) Determine when and from where the object likely started moving. (2 marks)
(Hint: Do not round your working before the final answer)
“5{’(2"'1-’5 it mOv.’r’)j QT solve (-362[]9(,‘6/9?5] = -y ¢ Ll'et ] ‘f )

0. 000 000 0f =X tH

t=-19-8i :
X = ’-3"?CZC]CICICI77 81 seconds

(/Q.gl second s bl?for( initial 0b5€r’\"d7"6n)

v S TOAOFT? /3 2L
END OF QUESTIONS I e el i il
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