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Probability-I, Semesteral Examination

1. Suppose a factory has two machines A and B that make 40% and 60% of
the total production, respectively. 2% of A’s output and 3% of B’s output
is defective.

(a) If a product is selected at random from the output what is the probability
that it was produced by machine A?

(b) If a product is selected at random from the output what is the probability
that it is defective?

(c) Given a defective product, what is the probability that it was produced
by machine B? [24]

2. Suppose the joint probability density function of (X,Y") is given by

 Nexp(—Xy) ifoo>y>az>0;
flz.y) = { 0 otherwise.

(a) Find the marginal probability distributions of X and Y.
(b) Find E(Y), Var(Y) and Cov(X,Y). [24]

3. (a) State the Central Limit Theorem applicable to a sequence of i.i.d.
random variables with finite variance.

(b) Let Uy, Us, ... be an i.i.d. sequence of U(1,3) random variables and set
Sp = Y11 U;. Find (approximately) P(590 < Ssp9 < 620). [20]



Cumulative Mormal Probability Tables (Z-Values)

z 0.00 0.01 0.02 0.03 0.04 0.05 0.05 0.07 0.0 0.09
0.0 0.50000 0.50399 0.50728 0.51197 051595 051994 052392  0.52790 0.53183  0.53536
0.1 0.53983 0.54380 054776 0.55172 055567 055962 056356 056749 057142  0.57535
0.2 0.57926 0.58317 055706 0.59095 059483  0.99571 060257  0.60E42 O0.61026  0.51409
0.3 0.61791 0.62172 062552 0.62030 063307 063683 064058 064431 0.64503 065173
0.4 0.65542 O0.65310 0FES7E 066640 067003 067364  OE7724  0ES082 0659433 0E&7O3
05 0.60146  0.69497 UEGE4r 070194 070540 0.70588  D.71226  O.71566  D.71g04 072240
0.8 0.72575 0.72907 073237 0.73365 073891 074215 074537  0.74857 075175 075490
0.7 0.75504 O0.76115 076424 076730 077035 07733 077837 077935 078230 078524
05 0.78514 0.79103 079399 0.79573 079955 0.80234 080511 080785 0.81057 081327
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11 0.86433 0SEE50 086364 0&707E  0B7286 087493 0A&7E98 057900 089100 088238
12 0.82403 083686 058577 089065 083251 089435 089817 089795 089973 090147
1.3 090320 000430 0O0E5S 090324 000988 091143 091308 091485 091621 091774
1.4 091924 092073 092920 092364 092507 092647 0927S5 092920 003056 093189
15 003310 003435 003574 003609 003522  0.03943 004062 094179 0.04205 004408
1.6 0.04520 0.94630 004738 094545 0094950 095053 095154 095254 09535 095449
1.7 095543 095637 095728 095318 09907 095094 006080 09616 D0.06246 096327
18 0.06407 006485 006562 096633 00EFIZ 096784  DOESSE 096925 0.06995 097082
19 097128 007193 097257 097320 097381  0.97441 007500 097558 097615 097670
2.0 0O7r25  0.07rr8 00783l 09rosz  0orose | 0orosz | 008030 0.o50Fr  0o5izd 095169
2.1 098214 095257 095300 098341 00933892 099422 098461 099500 0.99537 098574
2.2 098510 005645 008679 098713 095745 099778 098509 095340 0.99570 0958599
2.3 005025 005956 095983 099010 099035  0.99061 099086  0.99111 099134 099158
2.4 009150 009202 099224 099245 009266 099286 099305 099324 099343 0.99361
25 009370 009396 009413 009430 099448 099461 Domarr 099492 0.099508 099520
26 099534 099547 099560 099573 099555 099598 099509 099621 099632 099643
27 099553 009664 099674 099853 099693 099702 099711 099720 099733 0.99736
23 099744 099752 0997E0 099767 099774 0.99781 099785 099795 099501 099807
29 099513 099519 099525 099531 099536 0.99541 099546 099551 0.93856  0.99561
30 000565 D.OOSE3 000574 00DGTS 000552 | 000588 0ODG83 000803 000808 099900
31 0.09903 000906 009310 099313 009916 099918 009921 099924 000926 099900
a2 0.09931 009934 009936 009933 009940 099942 000944 099945 009945 099950
33 0.09952 009953 009355 099357 009955 009960  0OD9E1 000962 0.00964 099965
34 0.00066 000965 00993 099970 009971 099972 0O099T3 099974 009975 099976
a5 099977 099975 099975 099979 099950  0.99981 097951 099957 099953 099993
36 000064 000955 000085 0OU366  00005E | 009987 | 0ODET | 000058 000088 | 000960
a7 099953 009930 009930 099990 009931  0.99991 009902 099990 0099902 099992
38 099993 009933 009993 009994 009994 099934 000994 099995 009995 099995
39 0.99995 000935 009936 099995 00J99F 009995  0O0D90F 000995 009997 099997
4.0 0.99997 009937 009937 099997 009937 099997 000993 099998 000938 099098
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This part carries “40” Marks.Answer as many questions as you can but the maximum marks
you can score is “30”

Question (1): Tick the most appropriate answer for the following questions with
justification

a) The plot of a Probability Density Function(p.d.f) shows
I.  Failure rate versus time
ii.  Apositive slope wherever failure rate is constant
iii.  Number of events(such as failures) versus time
iv.  Number of success versus total no. of opportunities (2)

b) An analysis of historic data indicates that the repair time for a particular
product can be modeled by the Lognormal Distribution with p=1.7 hrs and o
=0.65 hrs.The estimate for MTTR ( Mean Time to Repair) is

i. 5.5hrs
ii. 6.8hrs
iii. 7.4hrs
iv. 8.1hrs (2)

c) A company has warranted its monitors for 3000 hrs of service. The monitors
have constant failure rate and have a MTTF of 20,000 hrs.About what % of
the monitors are functioning at the end of the warranty period?

i. 86%
i, 92%
ii.  1.16%
iv. 36.8%
V.  None of the above (2



d) The system reliability of a parallel system
i.  Decreases as more redundant subsystems are added to the system
il.  Increases if the subsystem with the lowest reliability is removed
iii.  Is greater than the reliability of any subsystem
Iv.  Isequal to the reliability of the “best” subsystem 3)

e) The time to fail for a flexible membrane follows the two parameter Weibull
distribution with p =2 and n = 300 months. After how many months 90%
reliability is achieved?

i.  60.51 months
ii.  97.38 months
iii.  107.36 months
iv.  None of the above 4)

f) A system has three subsystems with a reliability of “R”.System success
requires that at least two of the subsystems operate. The system reliability can
be calculated as:

i. 3R®-2R?
ii. 2R%-3R?
iii. 3R%2R°
iv. 2R*3R® (3)

Question (2): Explain the following
(a) Failure Density Function f(t) versus The Hazard Function h(t)
(b) For a given hazard function h(t), the expression of Reliability Function
R(t) in terms of Hazard Function h(t)
(5+5=10)

Question (3): The time between failures of a laser in a cytogenics machine is exponentially
distributed with a mean of 25,000 hrs.
(a) What is the expected time until the second failure?
(b) What is the probability that the time until the third failure exceeds
50,000hrs? (2+5=7)

Question (4): Calculate the reliability for a 10 hour operating period of a (i) parallel system
with two units and (ii) a two unit standby system using the same units. Each of the units has
failure rate of 0.01 failure/hr and assume 100% reliability of sensing, switching and idling.
Compare the two systems on the basis of reliability and MTBF. @)
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