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no part marks are available. Part marks may be achieved for questions 9 and 10, in which
you need to justify fully your answers.
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L. [1 point] Samples of 20 parts from a metal punching process are selected every hour.
Typically, 1% of the parts require re-work. Let X denote the number of parts in the
sample that require re-work. A process problem is suspected if X exceeds its mean by
more than three standard deviations. To the nearest thousandth. what is the probability
that there is a process problem?

A 0198 B. 0445 C. 0983 D. 0017 E 0.555 F. other

we have BOp) , wive
n=129, p=0-01

ll 31 %w%

e are 'OO'!le O&r |
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2. 11 point] A medical research team wished to evaluate a proposed screening test for
Alzheimer's disease. The test was given to a random sample of 450 patients with
Alzheimer's disease; in 436 cases the test result was positive. The test was also given to
a random sample of 500 patients without the disease; only in 5 cases was the result was
positive. It is known that in Canada 11.3% of the population aged 65+ have Alzheimer’s
disease. Find the probability that a person has the disease given that their test was pos-
itive (choose the closest answer).

A. 097 B.003 C. 093 D.007 E 099 F.001 G. other

"A- et 15 pasihive
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: Plal P =:-£‘ praip) p(D) + PIAITYP(D) |
pal®) = S = 43b4e, ((O3) |
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—
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vl

3. [1 point] Consider a random variable X with probability density function given by

0 ifr<-1
fle)=¢0.75(1 - ?) if-1<ue<l
0 ifte>1

What is the expected value and the standard deviation of X7

A.0.3 B.0,0447 C.1,02 D 1.3 EUG 0.2 F.1.0447 G. other
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-l =1 - |
SPExY= \/Varfx) =Vo-2 % 0.443 |
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4. [1 point] In the inspection of tin plate produced by a continuous electrolytic process,
0.2 imperfections are spotted per minute, on average. Find the prabability of spotting
at least 2 imperfections in 5 minutes. Assume that we can model the occurrences of
imperfections as a Poisson process.

A. 0736 B. 0264 C. 0632 D.0368 E. 0483 F. 0.527 G. other

X: 4 of ;“ngeu‘fnm.ﬂ;wd ™S edn
|§fo‘|hV‘ﬁ f'des‘?_-g_,,S'mu = | /fﬂmu..

Ndw

Yo PON), N=d

o

P(x72)= (- PIRED= [ PlX=0)— PX=1) |

- |
= l—o? - rer= 1-2& % 0264 |

S |
Answer: E / F

5. [1 point] Let X ~ Exp(A) with mean 10. What is P(X > 30/X > 10) equal to? vl v

A. 1-exp(=2) B.exp(-2) C.exp(—3) D.1/10 E. exp(—200) F. other

We hone 10=£[x3-=—){-,s‘o A

J

Becamse e 'O)(Pmmzt)d /S ’MMW»,-LM-J
P(x>30|X>10) = P(X> 30-10) = P(X>20)
- ’*P(X(ZO):: /—‘ (/"Q(P(—X-Zo))

= exp(-2)

Answer: i;ﬁ_—_ / E
vio VT
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6. A new robotic arm is tested prior to being marketed to the general public. The test
results on 50 independent samples are shown below:

o Mechanical Defect  No Mechanical Defect
Electrical Defect 5 10
No Elect!'ical Defect 5 30

Assume that these relative proportions are perfectly representative of the product {and
of its flaws) outside the sample.

(a) [1 point] What is the probability that a robotic arm has a mechanical defect?

VA o | p(m)- B8, -t g.02 |

So S !
V2o - Samne

b) (1 point] What is the probability that a robotic arm has neither a mechanical nor
an electrical defect?

V4 | p(mengd) = P(@weY)  V2-  25_o5 |
= _gg =46 So '
So |

(c) [1 point] What is the probability that a robotic arm has a mechanical defect if it is
known that it has an electrical defect?

v PmlE)= P(MAEY. S ~o.33
TPy £y |

Vi by PmnBybrey = mx= O

() [1 point] What is the probability that each of 3 robotic arms purchased by a com-
pany has at least one defect (assume that defects occur indepeundently)?
VA.

S =0.
o+§-%_ R 4 -fa 20

5

Robot 1 Robet 2 Robit3 TH %
o4 0.4 04 ) Qdodj Rabst 2

Yoll =(04)= 0-0¢4 s ©OF

? (MVE) = gM)wca PMNE) | V2. Plmu€)=P)PlE)

~P(MNT)
= 0.5

_ Ra\et 3

o.¢

Tobl =(0.9)= 0.115
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7. Let X be a random variable with probability mass function

9,
P(X=un)= ._.10-5}- 1. r=012234.

(a) [3 points] Evaluate: P(1 < .X <4), P(X > =2)et P{X < 1).

PUEXLAY= Plx=)+ P(X-2)+ Plx=3) = 2H , 22+ 4 2094 _ 15 3
2S % 2s | g

i1"(><>—2) = 1
| l

Prxet)= PlX=a)4+-Plx=1) = o= Q-% = ¢

b) [1 point] Find the cumulative distribution function F(r).

W P(xe)= 2_ Plx-i)- 1 = (atw)

' 653 S m) | =

== 4 (% y
5 (=0 + ;-o) (g_%i * 2+l) ] ‘F O.

o) | #5

(a'-n) ) *=0,1,23,4 Cvy) | 428

o I <o 3) |9/

Fo = ,l—_-s'—(Lk“JJL 02t 4 [Z;,a)) l6/1s

L 4 ! 4 "’d;' 4)"‘) 1

(c) [2 points] Find the expectation and the variance of ¥ = X/2 — 1.

E[YI- =E[Va X +b] = Va£IXJ+b =\ 2.8va' 4 b
Var[Y] = Var[\lH)H b] = a Var[X]=D 1.36 |

l‘E[X] = Z‘“P(X-%)— ()‘ (;_g){-ﬂ (ZS;)-:-B (?)_f_‘ 1(25)':2?8
. Bt ), )R

xX=0 |

/1. \7«4[ﬂ= EIXTE0C = 92- 28536

EV=2.5v3— 12095 | \CEL]=2.803+ 2 S28
VOYl= 1-8§(2) = 2. 72 VLD = 1-36 (3)* = 4.08
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8. The compressive strength of samples of cement can be modeled by a normal distribution
with a mean of 6050 kg/cm? and a standard deviation of 110 kg/cmn®.

(a) [1 point] What is the probability that the sample strength is less than 6200 kg/ cm??

'X= Camprisdne 51\-«7& N (60Sa, #0%), 2= O i

P (X< 6200)= P """“’< .‘sz;‘;:“‘ ¥Pl2< !.36) ‘

= B(1-36) = ©.3)

(b) [1 point] What is the probability that a sample’s strength is between 5800 and 6000

kg/cm??
P(S‘a’ao<x< ban)= P (SEoo-t0ss 5 o Lot |
110 1t0 |

¥ P(-272¢ 2 & ~0.45) = F(~0-45) — P (-2-27)
=0.3264— o.0llb = 0-3|

———————— — 1

[1 point] What strength wp (in kg/cmn®) is exceeded by 95‘“e of the samples? (In
other words. 95% of the samples have a strength that is larger than .}

045 = P(X>%) =D 0.95=1[- P(Xe%) |
| =DP(X ‘20)': o.0%

Zo=D -1.645 =D %

| Xz 102+ 6050 =D Ho(~I.645)+60S0= $869.0S

(d) [1 point] What strength .« (in kg/cm*) is exceeded by 10% of the smnples?

| 0.\ = P(;79Q) = _O-l =~ P(X<)
P(xeagy) =09
QLT:;!-li?S
| X‘r: 140 2, +boso =X 110(1-185 )+6050 = 614).3C

N(o.l)
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9. [3 points] Amongst all vehicles that have an ignition problem. assume that

* the starter is at fault in 50% of the cases;

* the battery is at fault in 40% of the cases. and

* one of the plugs is at fault the rest of the time.
Furthermore, amongst all vehicles with an ignition problem, the proportion of vehicles
of make X is

= 10% in cases where the starter is at fault;

* 20% in cases where the battery is at fault. and

= 5% in cases where one of the plugs is at fault.

A vehicle of make X' is brought to a mechanic because of an ignition problem. \What
should be the first line of attack for the mechanic: starter, battery, or plugs?

Answer:

- vioo &2 -
S stocte. at Sault pPts)=0.< PlsI=0. ¢ 1
8- ot Lault P(8)=0.4 Pl8) =03
L &P“ﬂ of L € PiL) = &. PlL)=0

We one | PG(K) Pxis)=o. Px(S)=0.05
adesied | o ( sl?f) | Pxig=o2  Pxig-oz
v :P(L—[x) P(x{L)=005  PXL)=o.1

| ' |

(0-)(6.6) = ©.06S V"l

|
CPisIx) = P(x|s) P(S) (0.05)(06) = 003 VL

| P(X)

plalx) = POIBYP®) w S(er)loh)= 008 w1
| PCx) (o) (0.3)= O.06 VL

P(Ux) = Plxivp) o {@.09(0.,)= 0.00S 4
P(X) (D\) (D-l) = 0.0\ V2

]

:: | v V2
Pslx) | 22540, 0.03/p(x) |

[ PlBIX) | 0085y o.os/p/XW:b fujd_w@ /sroows%.-
PILIO)| %%ty o0.o1fpy, — Cheth Yhe batry fust
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10. [3 points] An electrical system consist of 30 integrated incependent circuits. For each
of these circuit, the probability of being defective is 0.015. The systemn is operational
if at most 2 circuits are defective. What is the probability that the system is operational?

Answer:

— —_ — —

ir_x v o4 o dpchlo‘ﬁw ety |
X~ B(30, 0.015)

|

Plxse2z)= P(X=0)+P(X=t)+ P(X=2)
= ()eas’te 325"

| + (-gl"’)[o.ms)"(o.fgsfj

| + (3;?) (o.o:s)?'(O. 535)28 |
= {0'385)30"' 30(0""5)(‘9'335)23—# 3—;’_;249(0.0:5)?'(0-}&028

|
L .63¢S + H.2903 + O-064) |

!

= 0.9899 |




