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SECTION A

BDA 24103

Instruction: Please answer ALL questions in this section.

Q1

(a)

In a study conducted in the Science Department of Faculty of Science,
Technology and Human Development in a University; the researcher
examined the influence of the drug succinylcholine on the circulation levels
of androgens in the blood. Blood samples from wild, free-ranging deer
were obtained via the jugular vein immediately after an intramuscular
injection of succinylcholine using darts and a capture gun. Deer were bled
again approximately 30 minutes after the injection and then released. The
level of androgens at time of capture and 30 minutes later, measured in
nanograms per milliliter (ng/ml), for 15 deers as in Table Q1.

Assuming that the populations of androgen at time of injection and 30
minutes later are normally distributed:

Table Q1
Deer Time of Androgen Differences of
injection (ng/ml) androgen level
30 minutes after d
injection

1 2.26 7.02 4.26
2 5.18 3.10 -2.08

3 2.68 5.44 2.76
4 3.05 3.99 0.94

5 4.10 5.21 1.11

6 7.05 10.26 e Rl

7 6.60 13.91 7.31

8 4.79 18.53 13.74

9 71.39 7.91 0.52
10 7.30 485 -2.45
11 11.78 11.10 -0.68
12 3.90 3.74 -0.16

3 26.00 94.03 68.03
14 67.48 94 .03 26.55
15 17.04 41.70 24.66

(i)  State the null and alternative hypotheses

(i) Find the average and standard deviation of this study

12

( 2 marks )

(4 mérllgs ")
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(iii) Determine the critical region of this problem.
(4 marks )

(iv) Test at the 0.05 level of significance whether the androgen
concentrations are altered after 30 minutes of restraint.

Given T = Ed_do
NG
( 6 marks )
(b) Indicate whether the following statements are Type I or Type II error:

(i)  In a population, there is no relationship between alcohol consumption
and hours of sleep. In a sample of 5000 individuals, we accept the
null hypothesis that there is no relationship between alcohol and
hours of sleep.

( 2 marks )

(i) In a population, there is a relationship between the number of times a
person vacuum a carpet and mental disorders. In a sample of 700
households, we accept the null hypothesis that there is no relationship
between carpet cleaning and mental disorders.

( 2 marks )
Q2 An experiment in fluidized bed drying system concludes that the grams of

solids removed from a material A (y) is thought to be related to the drying

time (x). Ten observations obtained from an experimental study are given in
the following Table Q2.

Table Q2 : Weight of solids removed

Drying time (min) Weight (g
2.5 4.3
3.0 1.5
3.5 1.8
4.0 49
4.5 4.2
5.0 4.8
5.5 5.8
6.0 6.2
6.5 7.0
7.0 1.8

2
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(a) Illustrate a scatter diagram for these data
( 4 marks )
(b) Find the estimated regression line by using the least square method.
Interpret the result.
( 8 marks )
(c) Test the hypothesis concerning Ho : f1 = 3 against H1 : p1 # 3 at the
0.05 level of significance.
( 8 marks )

e -
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SECTION B

Instruction: Please answer THREE (3) questions from FOUR (4) questions provided in

this section.

Q3 (a) The discrete random variable X has probability distribution given by the

following Table Q3.

Table Q3 : Probability distribution of variable X

% -1 0 1 2 3
P(X=x) 1/5 a 1/10 a 1/5
Where a is constant
(1) Find the value of a
( 3 marks )
(i1) Write down E (X)
( 2 marks )
(111) Solve Var (X)
( 5 marks)

(b) Now from Table Q3 above, if the random variable Y= 6-2X,

(1) Solve Var (Y)

(1) Calculate P (X =

Y)

( 4 marks )

( 6 marks)

Q4 (a) An industrial firm supplies 10 manufacturing plants with a certain chemical.
The probability that any one firm will call in an order on a given day is 0.2,
and this probability is the same for all 10 plants. Demonstrate the probability
that, on the given day, the number of plants calling in orders is as follows:

(1) At most 3

(i1) At least 3

(i)  Exactly 3

(2 marks )

( 2 marks )

L

vt & (D marks)
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(b) The manager of an industrial plant is planning to buy a new machine of either
type A or type B. For each day’s operation, the number of repairs X that
machine A requires is a Poisson random variable with mean 0.107, where 7
denotes the time (in hours) of daily operation. The number of daily repairs ¥’
for machine B is a Poisson random variable with mean 0.12¢. The daily cost
of operating A is C(t) = 20t + 40X 2 for B, the cost is Cp(?) = 167 + 407 2,
Assume that the repairs take negligible time and that each night the machines
are to be cleaned so that they operate like new machines at the start of each
day. Distinguish which machine minimizes the expected daily cost for the
following times of daily operation?

(1) 10 hours
(5 marks)

(1) 20 hours
( 5 marks )

(c) A firm that manufactures and bottles apple juice has a machine that

automatically fills bottles with 16 ounces of juice. (The bottle can hold up to

17 ounces.) Over a long period, the average amount dispensed into the bottle

has been 16 ounces. However, there is variability in how much juice is put in

each bottle; the distribution of these amounts has a standard deviation of 1

ounce. If the ounces of fill per bottle can be assumed to be normally

distributed, evaluate the probability that the machine will overflow any one
bottle.

( 4 marks )

Q5 (a) The standard deviation of measurements of a linear dimension of a
mechanical part is 0.14 mm. Solve the sample size required if the standard
error of the mean must be not more than

(1) 0.04 mm
( 3 marks )

(11) 0.02 mm
( 3 marks )

(b) An assembly plant has a bin full of steel rods, for which the diameters

follow a normal distribution with a mean of 7.00 mm and a variance of

0.100 mm?, and a bin full of sleeve bearings, for which the diameters follow

a normal distribution with a mean of 7.50 mm and a variance -of*0:100 mm?.

Demonstrate percentage of randomly selected rods and bearings will not fit
together.

(.6 marks )

—

E
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(c) The effective life of a component used in a jet-turbine aircraft engine is a
random variable with mean 5000 hours and standard deviation 40 hours.
The distribution of effective life is fairly close to a normal distribution. The
engine manufacturer introduces an improvement into the manufacturing
process for this component that increases the mean life to 5050 hours and
decreases the standard deviation to 30 hours. Suppose that a random sample
of m = 16 components is selected from the “old” process and a random
sample of 7> = 25 components is selected from the “improved” process.
Differentiate the probability that the difference in the two samples means
X~ X1 1is at least 25 hours. Assume that the old and improved processes can

be regarded as independent populations.
( 8 marks )

Q6 (a) A sample of 125 pieces of yarn had mean breaking strength 6.1 N and
standard deviation 0.7 N. A new batch of yarn was made, using new raw
materials from a different vendor. In a sample of 75 pieces of yarn from the
new batch, the mean breaking strength was 5.8 N and the standard
deviation was 1.0 N. Demonstrate a 90% confidence interval for the

difference in mean breaking strength between the two types of yarn.
(6 marks)

(b) The temperature of a certain solution is estimated by taking a large number
of independent measurements and averaging them. The estimate is 370°C,
and the uncertainty (standard deviation) in this estimate is 0.10°C.

(i) Demonstrate a 95% confidence interval for the temperature.
(4 marks )

(ii) Solve if the confidence level of the interval 37 + 0.1°C?
( 4 marks )

(iii) If only a small number of independent measurements had been made,
what additional assumption would be necessary in order to compute a
confidence interval? Write the type of population the measurements
come from.

( 2 marks )

(iv) Making the additional assumption, examine a 95% confidence
interval for the temperature if 10 measurements were made.
- ( 4 marks )

=
A
! 4% i
AL W AR A !
i

i

END OF QUESTIONS
7

CONFIDENTIAL




CONFIDENTIAL

BDA 24103

Appendix 1

SEMESTER / SESSION : SEMESTER 1/2019/2020
COURSE : ENGINEERING STATISTICS

FINAL EXAMINATION

PROGRAM : BDD
COURSE CODE: BDA 24103

EQUATIONS
PX £7)=F(r)
P(X >r)=1-F(r)
P X<r)=P(X sr-1)=F(r-1)
P(X=r)=F(r)-F(r-1
Plr< X <= F(a)=F{r)
Pr<X<=s)=F(s)=F(r)+ f(r)
P(r=X <s)=F(s)=F(r)+f(r)—f(s)
Fr <X <s)=F(s)-¥F(r)- f(’s)

f(x)=1.
jf(.\’) dr=1,

Pla<x<b)=Plasx<b)y=Pla<x< by=Pla<x<b)= [ f(x)dx

X

F(x)=P(X <x)= ff(.\'") dyfor —n<x<7,

-

n=E(X)= '..\‘ - f(x)dy

&

o =\ar (V) =E(X*) -[E(V0)]

=

E(XY) = [+ f(x)dv

o =Sd(\\V)=Var(.l)

u=E(X)= Y X,P(X)

E(

all X,

o* =Var(Y) = E(X) - [ECOf

x%)= > X7.PX,)
allX,
Note :
% E(aX+Db)=aE(x)+D.

% Var(aX+b) = a’ Var(x)

b

(a) | P(X zk)=fromtable

by | X <k=1-PX =k)

(c) PX<k)=1-PX zk-1)

d) | X ~k)=PX zk=+1)

(e) PX=k)=P(X =2k -PX =zk-1)

(f) Pk<X<h=PXzk)-P(X =1+1)

(2) Pk« X-D=PX zk-1)-PX =)

(h) PkeX-D=PX:zk)-PX =]

(1) Pk-Xc<h=PXzk-1)-PX=zI]-1
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COURSE : ENGINEERING STATISTICS COURSE CODE: BDA 24103
EQUATIONS
Binomial Distribution
Formula i n! N T
P =)= prgT =" Cptg
xl-(n=x)!
Mean H=np
Variance a: =npq
Poisson Distribution
Formula T
PX =x)= - =012 ey @
x!
Mean H=p
Variance ot =u
Normal Distribution
Formula P!, z_X—H :
&
Poisson Approximation to the Binomial Distribution
Condition Use if =30 and p= Q.1
Mean H=np
Normal Approximation to the Binomial Distribution
Condition Use ifn1s large and np =5 and ng =3
Mean H=np
Variance 2
o =npq
- \ ( =AU
Sampling error of single mean : e =|x— /| . P( S J: Plz &= p= ;
\ -
hy -
Population mean. z = H_ =~
N X1-X
et
S ¥ o T2
Sample mean. is x =-=——. O, . Tl R
i x1-x - 1
Z-value for sampling distribution of v is Z g =
=V D g > X1 = T . i T 2
. o/ N .\(/1_ 0 ]
\ X3—x2 Xi=—x3
o =ofn
. (o r=u
F-a{e) s o
. TTL1JILA CONFIDENTIAL
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FINAL EXAMINATION
SEMESTER / SESSION : SEMESTER 1/2019/2020 PROGRAM : BDD
COURSE : ENGINEERING STATISTICS COURSE CODE: BDA 24103

Confidence Interval for Single Mean
Z (o) }:

i] Sample size : n—[
n)’ o E

Maximum error : E =2 0/2[

17 =30 or o known

(2)
(1) o is known : (.\_' -z, :(cr / \lii_l)\’ HLT+z, :(0' w/;))
(11) o is unknown : (T— Zaf:(é / \/;)\ H<Y + -a"l('s \f;))
(b) 71 <30 and o unknown

(.\_' —tgpay (.5' \/;7) U<X+1gpy (.s- \/;)) tv=n-1

Confidence Interval for a Difference Between Two Means

(a) Z distribution case
[ 2 2 )

: 5 T o O,
(D o isknown: (¥, =%, )z, 0| —+——

- 5 \' ny ,

(i) o isunknown: (3, - %)+ =z, . i =
Vi,

(b) t distribution case
( 1( - 2 )) ) " 5
< YW=Z1 =&

=n,.0,=0; (& =5, )at, :x»l\:l;;(‘51~+'5:

(1) ",
) ® ) T\
(11) n,=n,.0; =0; : (& =% )2t,2:5; \,;} : v=2n-2
2 , 0
gt —Ds7 +(n, —Ds”
il n+n, =2
NP O P i
(i) #,2u,.0=0; ({-F)ELS,][—+— | v=ntn -2
- . i -
> 7 )
(n,—1)s7 +(n, = 1Ds”
n o =2
sios
(T 2) e S
; 5 24 1S $a nooon,
() g, & =87 ¢ [~ i) 2 = -
) i Vo o (5: 5
m, n.
nm-1 n,-1

‘A CONFIDENTIAL

i




Appendix I

®

CONFIDENTIAL -
FINAL EXAMINATION
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COURSE : ENGINEERING STATISTICS COURSE CODE: BDA 24103
Confidence Interval for Single Population Variance
(n =1)s? , (n-Ds"
5 L £~ Ivay-l
Za v /‘(l-a 2y
Confidence Interval for Ratio of Two Population Variances
53 o _$
<1 : <—< L Futininy « Yy=m =1 a0d v, =5, =1
'SZ- jrz 24132 l- Sl- i )
Case Variances Samples size Statistical Test
A | Koown n.n, 230 P (X, -X,)—(t4 — t12)
fesr '_qi_{_ a;_.,
NV, n,
B [Known n,. 1, <30 o (X, - X)) — (4 — 4n)
feLL "—GZ—:-+ G_;-\
\,I no N,
C | Unknown n.n, =30 7 (X, = X)) =y — 145)
ny, N,
D | Unknown (Equal) n.n, <30 o (X — X)) —( — 1)
st ‘ f 1 1
S, =
Vv o,
V=7 +2.,—2
E [ Unknown (Notequal) | n, =n. < 30 7 - (X, = X)) =ty — 24)
Texe = f
Il 2 2
\Il " (SI =+ S: )
v=2(n-1)
F | Unknown (Not equal) | n,. 7, < 30 - (X, - X)) - — 115)
AURZ N R
|' s
\n, !
‘.= { : : ~:
s
n-1 n-1
11 e o
M e DT T A CONFIDENTIAL
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FINAL EXAMINATION
SEMESTER / SESSION : SEMESTER 1/2019/2020 PROGRAM : BDD
COURSE : ENGINEERING STATISTICS COURSE CODE: BDA 24103

Simple Linear Regression Model
(1) Least Squares Method

The model: 1= [?0 e ,[;’lx

- Sxr x ; :
B =3\_3_ (slope) and G, = ¥ — f,X. (y-intercept) where
AN

S =30 === S =3 3o | 3o |
i=1 i=1 N\ iz Ni=

Sy = i(,\‘, -3 = ixj: & Z.\'i
i=1 i=1 J

\ =l

5
\ =

|
/

sw=2 =Pt =2w -2l 3 |

i=

and 7 = sample size

Inference of Regression Coefticients

(1) Slope

~ SSE ~
SSE = Siv—- B,S,, . MSE = . Tiesr= —E_l—_f_ﬁ—
: n—2 VMSE/S .

(11) Intercept

/jo_ﬂc

Tresr = — Coefficient of Determination. 7 °.
IMSE(1/n+ %"/ Sxv) :
V s _Sw-SSE_, SSE
P = =]
Confidence Intervals of the Regression Line S S
(i) Slope. f,

’ PR— ) P Coefficient of Pearson Correlation. 7
By =103 NMSE Swx < By < B, +1, 2 NAMSE [ Sxx .

ﬂ Sa
where v = n-2 e
NS - Sy
(ii) Intercept. g,
; .' 1) . (1 F)
Bo 1o 10 |MSE| —+——| < By < By + 1, 4, |[MSE| —+—|
-\ L Sy -\ \n Sw)
where v =n-2
12
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