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SAMPLE Tpcomops
APPLIED MATHEMATICS 166 EXAM 1
March 18, 2003 Open Book Exam

Please write your name at the top of this page and do your work directly on these sheets.

1. On average, the number of babies born in Cleveland, OH in September is 1472. On January 26,
1977 the city was immobilized by a blizzard. Nine months later, in September 1977, the number
of recorded births was 1718, an increase of 246. The following analysis is aimed at determining
whether this difference is significant. It is reasonable to assume that the number of births during
some month, e.g., September 1977, has a Poisson distribution.

a) Suppose Y is a Poisson distributed rv with parameter A. Let Mg and \; denote two fixed values
of A w1th A1 > Ag. S ppose we havp a single observation of Y. What is the form of the rejection
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b) Is the test in part (a) uniformly most powerful for testing
Ho:A=X

VvS. th/e composite alternative
Hy: A > X7

If your answer is affirmative, please state why? Otherwise, what rejection region would you use for

this hypothesis pair?

c) When X is large, then YV is approximately normal with mean and variance ). Use this fact to
figure out the approzimate constants in the specification of the rejection region determined for part
(b) above using the Cleveland data and taking o = 0.05. Here, \g = 1472. What is the decision
when Y = 17187

d) What is the power of your test if the true value of A is 15507

Mag + pag




09 7 v
u wy A »mvm ,.y,LMMmo Il/hCJ’M PEVRIATY Y

g 4/l

Sowmar assnns thot da Sihelibeod vaky doid g “mist promdel "
\{ “"’\’ \/ -(>0‘A1>

Polis /\_-, {)\\ ‘)g ( )e

_F(nwu d,‘(ef‘(;u!:\‘m Vm{{om ﬁvﬁ}u“mal/ WL‘U M:

-\ - R
1Y n Siy i fo A I
VR4 M IIUL/ IV L VM%
AN

) "l ‘
A b ST av oo vt Y N s
N < > M DN U A= Ap M L n B
i o 7 I L NAg— i/l ) Y }
Sy
’ML%Q/‘IV&
) \/> c

h. TJA %) Wmférwl{ 'I/{/Lﬂﬂtﬁm\wm SIcL D/dulm« )49 ™m0

indipdt 4 to aho (] L fn A5,

e. V- Yo 0 ocppwmmﬂie?ﬂsfmlwtmfmi "# Ry iy e
s

V>e &= Y-M92 5 o-py72
’/L/?L ]/V?L-

vy = POie) % Plzy 172) o I = iy
Y o

= o= N7+ 1% v = [575]
Regect whaw > I35 Wha Y= 195, reget Py,
d, T4 A=155, faw prwor § PIY>Is35) =

P =510 s 19350 - 1350) P25 -038)= [-03520
W ¥ 1530 = [ (4Y§0




\‘\N

6 1 2 3 4 5 6 7 8 9
60 62 67 68 64 56 62 44 58 67

a) How do the data jibe with the assumption that each digit is equally likely?
b) Test

Hy: P(7) =0.1
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3. The following tablc gives the daily rental car rates charged by two companies (Alamo and Avis)

in 12 locations (USA Today, March 14, 1994). The rate is for a mid-size car rented midweek with
three days advance notice. Alamo claims to be a low-budget agency. Do the prices quoted here
lend credence to Alamo’s claim? Test an appropriate Hy versus H, letting o = 0.05. Consider
different approaches for the test and articulate the assumptions they rely on.

City: ATL ORD DFW DEN LAX MIA EWR PHX SFO STL SEA DCA
Alamo: 48.99 49.99 4299 34.99 4299 33.99 59.99 42.89 47.99 47.99 35.99 44.99
\/ Avis: 51.99 55.99 47.00 4299 44.95 3899 69.99 50.99 49.99 53.99 42.99 44.99
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4. A study of sterility in the fruit fly (“Hybrid dysgensis in drosophila melanogaster: the biology of
temale and male sterility,” Genetics, 1979, pp161-174) reported the following data on the number
X of ovaries developed for each female fly in a sample of size 1388. One model for unilateral sterility
states that each ovary develops with some probability p independently of every other ovary; and
hence X should have a binomial distribution with parameters 2 and p. An opposing theory claims
that the development of the ovaries within one individual is not independent, and hence X should

not be binomial.

X = Number of ovaries developed: 0 1 2
2
Observed count: 1212 118 58 (388 =y
a) We need to estimate p. Assumc that X is binomial. First express P(X = 0), P(X = 1) and
P(X = 2) in terms of p and then give the expression for the likelihood function L(p). (Think of
L(p) as “the probability of what was observed.”)
b) What is the maximum likelihood estimator p of p?

c¢) Carry out the appropriate goodness-of-fit test of the hypothesis that X has the claimed binomial
distribution (use o = 0.01).
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