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1 The birth weights, in kilograms, of a random sample of 9 captive-bred elephants are as follows.
94 138 130 118 146 165 82 115 69

A researcher uses software to produce a 99% confidence interval for the mean birth weight of captive-bred
elephants. The output from the software is shown in Fig. 1.

[T Estimate of a Mean ]

Confidence Level
Sample

:

I CHE

Result

T Estimate of a Mean

Mean 117.444

S 31.2574

SE 10.4191

N 9

df 8

Lower limit 82.4838

Upper limit 152.4042

Interval 117.444 + 34.9602
Fig. 1

=

(i) State an assumption about the distribution of the population from which these weights come that is
necessary in order to produce this interval. 1]

(ii) State the confidence interval which the software gives, in the form a < g < b. 1]

(iii) Explain
*  what the label df means,

*  how the value of df is calculated for a confidence interval produced using the 7 distribution.  |2]

(iv) State two ways in which the researcher could have obtained a narrower confidence interval.

+he_ uY\dUlymg disttibution Must be Normal
624535 < M< 152 4-042

i. A€+ degrees of freedom ts Value is calculate

as number of data values =1 (or -2 for a
2-Sample)

V. increase sample size X lower Confidence [evel
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2 A supermarket sells oranges. Their weights are modelled by the random variable X which has a Normal
distribution with mean 345 grams and standard deviation 15 grams. When the oranges have been peeled,
their weights in grams, Y, are modelled by ¥ = 0.7X.

(i) Find the probability that a randomly chosen peeled orange weighs less than 250 grams. [3]
I randomly choose 5 oranges to buy.
(i) Find the probability that the total weight of the 5 unpeeled oranges is at least 1800 grams. [2]

(iii) I peel three of the oranges and leave the remaining two unpeeled. Find the probability that the total
weight of the two unpeeled oranges is greater than the total weight of the three peeled ones. 4]

= Sy uor€ 't as

YN © 3245, (0FxI5J") S5 e
7 Y~N (@215 11025
Y<250) = 019!

- 5Y~N(1725 1125)
2|1%00)=0012%

‘at least
i hean = 2x345 —3x 2415 = -34-5
Variance = 2x 15"+ 3x10'5* = 74015
(2X-3Y)~N(3k5,780 - #5)

P((2x-3Y)>0)=0103
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3 The probability density function of the continuous random variable X'is given by

ctx —c<x<0
fix) =9c—x 0<x<c,
0 therwise
where ¢ is a positive constant.
(i) (A) Sketch the graph of the probability density function. 12]
(B) Show thatc = 1. 2]
(i) Find P(X < 3. 2]
(iii) Find
*  the mean of X,
+  the standard deviation of X. (4]

E) -;-_x 2cwc =1 (area of '\T(anﬂ(&)
CQ':'. l

L Plx<i) =5+ (”i?s)xozsso-ﬂws _;,sz

&P(><<O)
i E(K) =0 by symmery

E(C) = gu e+ § 2= [ ]
v, ! _2 _ L |
i”fg*g'i"rzz-c, ..Vaxr()()=—é—

(
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The random variable X has a continuous uniform distribution on [0, 10].
(i) Find P3<X<6). [1]
(i) Find each of the following.

+  EX)

+ Var(X) 12]
Marisa is investigating the sample mean, ¥, of 8 independent values of X. She designs a simulation shown
in the spreadsheet in Fig. 4.1. Each of the 25 rows below the heading row consists of 8 values of X together
with the value of Y. All of the values in the spreadsheet have been rounded to 2 decimal places.

B A B c D 3 F G H I J
1 , X, X, X, X, X, X, X, Y
2] 631 | 245 | 327 | 306 | 416 | 153 | 043 [ 799 | 365
3| 170 | 152 | 700 | 893 | 644 [ 270 [ 996 [ 783 | 577
4] 915 | 052 | 495 | 699 | 652 | 315 | 081 [ 535 | 468
5| 065 | 271 | 792 | 965 [ 050 | 487 | 646 [ 267 | 443
6| 309 | 611 | 396 | 009 [ 018 | 467 [ 067 [ 620 | 312
7| 706 | 584 | 197 | 360 | 936 | 197 | 448 | 347 | 472
B| 146 | 157 | 545 | 037 [ 376 [ 756 [ 848 [ 912 | 472
9| 942 | 185 | 491 161 194 | 800 [ 177 [ 534 | 436
10| 298 | 532 | 291 | 412 | 916 | 176 | 997 | 688 | 539
1 2383 344 3.28 7.85 1.00 093 8.77 4.03 4.01
12| 451 | 059 | 584 | 987 | 865 | 394 | 7.8 | 023 | 5.10
13] 449 | 069 | 365 | 878 | 496 | 896 | 377 | 143 | 459
14| 657 | 808 | 485 [ 675 | 792 | 027 | 969 | 404 | 602 & 7 b
15| 835 | 109 | 863 | 804 | 723 | 212 | 257 | 959 | 595
16| 524 | 953 | 608 | 821 | 361 | 707 | 665 | 763 | 6.75 E= 7 b
17) 789 | 550 | 309 | 071 | 647 | 549 | 647 | 495 | 507
18| 836 | 727 | 235 | 904 | 058 | 226 | 301 | 790 | 510
19] 376 | 101 | 961 | 965 | 789 | 998 | 628 | 434 | 656 < ) B
994 | 684 | 338 | 553 | 026 | 853 | 572 | 5102 | 566
725 | 910 | 034 | 288 | 466 | 265 [ 637 | 763 | 511
718 | 7.4 | 538 | 004 [ 409 | 647 [ 496 [ 423 | 494
869 | 504 | 490 | 294 | 200 [ 423 | 413 [ 097 [ 4an
346 | 633 | 048 | 935 | 023 [ 118 | 797 | 637 | 442
237 | 726 | 716 | 124 | 526 | 280 | 355 | 384 | 419
216 | 830 | 717 | 332 | 296 | 130 | 9.1 | 031 | 433
Fig. 4.1
(iii) Use the spreadsheet to estimate P(3 < Y < 6). 12]

(iv) Explain why it is not surprising that this estimated probability is substantially greater than the value
which you calculated in part (i). 12]

Marisa wonders whether, even though the sample size is only 8, use of the Central Limit Theorem will
provide a good approximation to P(3 < ¥ < 6).

(v) Calculate an estimate of P(3 < Y < 6) using the Central Limit Theorem. [3]
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A Normal probability plot of the 25 simulated values of Y is shown in Fig. 4.2.

-1.54 *

-2 T

“4

254

Fig. 4.2

(vi) Explain what the Normal probability plot suggests about the use of the Central Limit Theorem to
approximate P(3 < Y < 6). 12]

Marisa now decides to use a spreadsheet with 1000 rows below the heading row, rather than the 25 which
she used in the initial simulation shown in Fig. 4.1. She uses a counter to count the number of values of Y

between 3 and 6. This value is 808.

(vii) Explain whether the value 808 supports the suggestion that the Central Limit Theorem provides a
good approximation to P(3 < ¥ < 6). [1]

Marisa decides to repeat each of her two simulations many times in order to investigate how variable the
probability estimates are in each case.

(viii) Explain whether you would expect there to be more, the same or less variability in the probability
estimates based on 1000 rows than in the probability estimates based on 25 rows. 12]

P(3<>(<6) =0 3 \r\eiﬁh\’ 1S T,G )

005 £00) =g
0

Var()(l 100 _>g Iy

iil. 2 points outside fange = P(2<Y<b) = -—g =0-9%
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V. becanse +he Mean of Y= tean of X but he Vacian ce
of Y is only 2 x Var(X)

\' \ASW\g the CLT: can approximate dist of Y oS
25
Y~ N(S, -ifr)
> P(2<Y<b) = 06\ approx

V. Normal Probability plof i< very chuse o o srraight line:

Thig SWgests the dist. May be Normal % .- c|T
gives o good APPYOX 1 ation

Vii. Yes—the estimated proboability fam 208 — 0-§0f
Thisis ~ 04 from the CLT. 1000 |

VI We expect less variation With 1000 rows
because increasing Hhe number of o

MEANS Hhe estimated probability fends clocer
fowards +he frue volue



PhysicsAndMathsTutor.com

5  The flight time between two airports is known to be Normally distributed with mean 3.75 hours and standard
deviation 0.21 hours. A new airline starts flying the same route. The flight times for a random sample of 12
flights with the new airline are shown in the spreadsheet (Fig. 5), together with the sample mean.

B A [ 8 [ cC D E [ F G [ H [ 1 [T 3T« L]
1| 3.595 3.723 3.584 3.643 3.669 3.697 3.550 3.674 3.924 3.563 3.330 3.706
2
3 | Mean 3.638

a

Fig. 5

(i) In this question you must show detailed reasoning.
You should assume that:
* the flight times for the new airline are Normally distributed,
+  the standard deviation of the flight times is still 0.21 hours.
Carry out a test at the 5% significance level to investigate whether the mean flight time for the new
airline is less than 3.75 hours. 171
(ii) If both of the assumptions in part (i) were false, name an alternative test that you could carry out to

investigate average flight times, stating any assumption necessary for this test. [2]

(iii) If instead the flight times were still Normally distributed but the standard deviation was not known to
be 0.21 hours, name another test that you could carry out. [1]

0: (\/\:37,5 .H‘: v\<3?_5

Whefe 1= population mean Qlight fine with
NEW airline (howrs)
fest Stat. = 363%-2335 =-164% <:>‘£ — M
02/JIZ VA

for one-Tailed test: critical value @ 51 level

1S - 145 - 648 < -1-bl4S - signi\? icant Value, rgedr

H,. there i< sufficient enidence o suggect fhe Merage
& 9kf fime is <35 hes with he new airline.
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- Wilcoxon gioned rank +esk = Underlying dis must be
SYmmetrical

i sipgle samgle t - Test
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6 A company has a large fleet of cars. It is claimed that use of a fuel additive will reduce fuel consumption. In
order to test this claim a researcher at the company randomly selects 40 of the cars. The fuel consumption
of each of the cars is measured, both with and without the fuel additive. The researcher then calculates
the difference d litres per kilometre between the two figures for each car, where d is the fuel consumption
without the additive minus the fuel consumption with the additive. The sample mean of d is 0.29 and the
sample standard deviation is 1.64.

(i) Showing your working, find a 95% confidence interval for the population mean difference. 14]

(i) Explain whether the confidence interval suggests that, on average, the fuel additive does reduce fuel
consumption. [2]

(iii) Explain why you can construct the interval in part (i) despite not having any information about the
distribution of the population of differences. 12]

(iv) Explain why the sample used was random [2]

END OF QUESTION PAPER

- CT gjiven b\\q 0291 l'%xm
= _ D21 M2 0199

1. Hhis conidence interval CONTains 0, so doesn'+t
Suggest additive redwces el consumption

Il We. can use that +he Sample s lame +o
O‘PP‘\A the Central Limit Theo @M, Which srptes

that sample means are Hue approximaely
Normally distribwted

V- & vandom sample enables proper inference
About the popularion o be Wndertaken





