(Note: | accepted variants
on the tense of the
sentence, e.g. "If | do not
treat the professor to ice
cream, then | will not get a
perfect score on this
exam.") ’

1. Short answer questions; 2 points each

(a) Find the 101st term of the arithmetic sequence whose 2nd term is 7
and 5th term is —5.

Common d\mgvgr\m, s -L‘
@ {'\rs-\ -\evm '\s 11
The nth derm is awtn \oa \\*(“4\(““)

101> teem 1« 114 (-4) 100 =

(b) Negate the statement: “Some exams are not enjoyable.”

Bl exoms ore e“d":&“"’“‘ .

No QLAMS vm ol exsdoaom .

(c) Give the contrapositive of the statement: “If I get a perfect score on
this exam, then I will treat the professor to ice cream.”

TL T Wl not treat +he ong;ssr
‘o e cream, “hen L will no“b have
30’\'\&\ o ?ev-(itc* cove on tthis X,

(d) Give a numerical example of the associative property of multiplication.

e.q. (23)4 = 2:(34)

(e) State the distributive property of multiplication over addition.
1§ o,b, ¢ are m‘\tgexs/ Hhaun

a-(bic)* ab rarc



(f) If A is the set of books by authors whose last name is Austen, and if J
is the set of books by authors whose first name is Jane, what is AN J?

ANT = +he set of books L athors Whose

(“‘* name \s Scme and whog lost
name s Busien

(oc: Hhe 52t X boets by Tace Austen)

(8) Let f be a function on the set of pairs of whole numbers, given by
the rule f(z,y) = 22 4+ 2. Let g be a function on the set of whole
numbers, given by the rule g(z) = (1,2z). Compute (f o g)(4).

3(43‘—' (\,2:4) = (1, %)

) LY)
> (o)) = Sloal- S8 o

(h) What number precedes 3400, in base six?

3356, | -\

(i) Factor the expression 22 + 2z + 1 — 25(32).

£+ 21 = 2S1§) = (k4 )= (54)"
O +\\ =\(x-\-\ +‘5&3(X*\"53)

(j) Write the fraction $ + 1 — & in lowest terms.
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(k) Write the fraction 17 + £ in lowest terms.

7 .4 V3 S IS (|17
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() IfIflip a fair coin three times, what is the probability that exactly two
of the flips are heads?

Oops! | starred the The ?b\s.;\\m\r\\f‘_sut‘ﬂ_:

possibilities with two tails, HH

instead of those with two HAT T\—\-\T‘\’; = Probakility s
tails. It should be HHT, HTH TT_\, 3/

HTH, and THH that are HWTT* TV %
starred.

(m) Compute the mean of the three numbers: 1, 4, 10.

_ 14480 . 1S ¢

(n) Compute the variance of the three numbers: 1, 4, 10.
& v 2
Alternately, you can \ _ (1-5) +(4-SY + (10-5)
compute the average of the onone < 3
squares (1"2 + 472 + ‘
1072)/3 = 117 = 39, so the e+ \v25 42 o
variance is 39 - 52 = 14, - K3 XN

(0) Compute the standard deviation of the three numbers: 1, 4, 10.

td Dev = S(\ocuﬁ» oot "rf vorioneg




2. In a certain grade 6 class, every student either plays an instrument, plays
a sport, or enjoys arts and crafts. Suppose that

e 14 students play an instrument,

e 18 students play a sport,

e 15 students enjoy arts and crafts,

¢ 6 students both play an instrument and play a sport,

e 8 students both play an instrument and enjoy arts and crafts,
e 5 students both play a sport and enjoy arts and crafts,

e 3 students do all three.

So, for example, there are exactly two students who play a sport, enjoy arts
and crafts, and do not play an instrument. What is the total number of
students in the class?

Nean

2124104 S42424< =3 totad studwats

k3

e+ -6-8-5 +3 = 3| *O*M



3. Dr. Wonderful gave a seminar at McGill last semester. Before her talk, she
asked a volunteer to participate in the following trick:

Step 1: Pick a whole number.
~ Step 2: Multiply this number by 3.
Step 3: Add 1 to the result of Step 2.
Step 4: Add 1 to the result of Step 3.
Step 5: Multiply the result of Step 3 by the result of Step 4.
Step 6: Calculate the remainder when the result of Step 5 is divided by 18.

She then amazed the volunteer by predicting the result of Step 6! What
was Dr. Wonderful’s prediction? Explain why the trick works.

“The ?md\c’r\on S z
Heve’s how +he tnck works |
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Having the expression 9n"2 + 9n + 2 somewhere on the page, and
stating that the remainder was 2, was worth 8 points out of 10.



4. (a) (3 points) If a, m, and n are natural numbers, explain why a™ - a" =

m_ B s s e s

"= @9 o,
wm imes
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(b) (4 points) Give a reason why, if a is a natural number, we choose to
define a® = 1.

Qa2 10 As explaned w class, we o 4 o™
e by mothpluyng \93 a. R0 wechodd

e® +to o =a \Mj mu\he\jﬂ% \aj o = o° shodd \,@ ‘] _
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(¢) (2 points) Write 3%0 - 320 in the form a® in two different ways.
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. (2 points each)

(a) Compute the product 11sepen X 12345cven.
e
St
V2 3y = &—“ O'-I-W\
129y
\ 3 6 6 \" oIt
(b) What is the remainder when 1004¢ycy, is divided by 6?
R \
_(2\0 26 Woea* \
£ = vemainder =i \ l
(c) What is the remainder when 1000,¢ycs, is divided by 67
Vi
6666 |, '000umn? bbbounn* |
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I =3 remaunda =E\/_]
1

(d) Given a number in base seven, can you suggest a test for divisibility
by 67

Add up the digits 3 e oumber
bose s and st W Yhis 5 dwiside

oy 6.

(e) Given a number in base eight, can you suggest a test for divisibility
by 77

Qdd vp the c!)\sﬁs ® e numbec w
bage eLS\W\ and e \f ths duws e

by 4



. (2 points each)

(a) If a does not divide b and a does not divide ¢, then a cannnot di-
vide b + c. True or false? If true, explain why; if false, provide a
counterexample.

False .

4. %3 ae
e e oot 1\8(%*33

(a=2,b:3,¢=S)

(b) If a does not divide b and b does not divide ¢, then a cannot divide c.
True or false? If true, explain why; if false, provide a counterexample.

Folse.
eg. X3 a 4.
3G ey, b=3, c =4)
(c) Write 96 and 120 as a product of primes.
Yo=2°3
0= 2% 2.9

(d) Compute GCD(96, 120).

@co (%, 20) = 23 5°

= |
-

(e) Compute LCM(96,120).

L (3620)= 253 =

- 20
. ) = e = %O
(o Le m 4 }



7. (5 points for each part) Read the newspaper article on the following page.
You may tear the next page out of this booklet, if it is more convenient for
you. (Also, you may stop reading at the paragraph which begins “OBVI-

OUSLY”.)

(a) Justify Professor Fox’s conclusion that contestants with numbers in
the range 00010 through 09999 had a one in 20,000 chance of being

the winner.
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(b) Justify Professor Fox’s conclusion that contestants with numbers in
the range 11500 through 11559 had a one in 1,680 chance of being the

winner.
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Materials 1-2

NATIONAL NEWS

Prof says lottery
drawing not fair

By KEITH GAVE
Staff Writer

Not everyone has an equal chance of
becoming a millionaire because the
state lottery bureau uses an unfair
procedure to select finalists for its
million-dollar drawing, a Michigan
State University professor of statis-
tics and probability charges.

And if the system is not changed, a
select few contestants could have an
overwhelming advantage over the
majority in a similar drawing among
qualifiers—$50 winners—in the cur-
rent instant lottery game, “Match
Two,” MSU’s Martin Fox said.

FOX STUDIED the probability of
certain five-digit numbers being se-
lected from a pool of 11,561 combina-
tions—which represent the number
of possible contestants in the Dec. 30,
1981 drawing—which determined
the five finalists for Thursday’s mil-
lion-dollar drawing in Flint's Hyatt
Regency.

Fox said his analysis, based on
procedures set by a Bureau of State
Lottery directive concluded that not
every $50 instant game winner who
qualifies for the million-dollar draw-
ing has the same chance of winning.

In the game ‘“'Aces Three” that be-
gan Sept. 9, there were 11,561 in-
stant $50 winning tickets that could
have qualified for the December
elimination drawing to determine
the finalists and several alternates.

BUREAU RULES require each $50
qualifier to file a form with the
agency in order to collect a check for
that amount. Accompanying the $50
check is a five-digit number assigned
in chronological order to each con-
testant. In the Aces Three contest

1A

these numbers range from 00001 to
11,561. These are the numbers the
qualifiers hold in the drawing which
determine the five finalists.
According to Fox's findings:
__Those contestants assigned the

. five digit numbers 00001 through

00009 had a one in 18,000 probabil-
ity of being selected as one of the five
finalists.

—Those with numbers 00010
through 09999 had a one in 20,000
probability of being selected.

—Those with numbers = 10000
through 10999 had a one in 4,000
probability of being selected.

—Those with numbers 11000
through 11499 had a one in 2,400
probability of being selected.

—Those with numbers 11500
through 11559 had a one in 1,680
probability of being selected.

—Contestants who were assigned
the two remaining numbers, 11560
and 11561, had a one in 336 probabil-
ity. “That's pretty good,” Fox noted.

FOX, WHO has been with MSU for 22
years, took issue with the bureau’s
system of drawing numbers from a
pool and returning to the pool those
numbers that fall out of the range
needed to complete the five-digit
number.

In the Dec. 30 drawing, for exam-
ple, the first two digits of one number
were 11. If the third number drawn
was a 6,7, 8 or 9, it was considered
“out of range,” tossed back into the
machine and redrawn. The process
continued until a five-digit number
fell within the range of 00001 to
11,561.

Fox argued that for absolute fair-
ness, if one digit of the number is
tossed back into the machine, then
all digits of the number drawn so far
should be tossed back. He admitted

that getting five five-digit numbers
using that system might be a lengthy
and tedious process. Nevertheless, he
said, before the first number even
pops out of the bingn blower ma-
chine, each contestant would have an
equal chance of becoming a finalist.

OBVIOUSLY, according to his con-
clusions, those who bought their $50
ticket and collected their winnings—
and their number—earlier in the
contest had a lesser chance of win-
ning than those who were among the
last to file.

Lottery officials noted, however,
that only 11,067 of the 11,561 $50 in-
stant tickets were sold. And of those,
only 10,256 were claimed by con-
testants who were then mailed a five-
digit number.

Fox said figuring the probabilities
for those numbers would be “very
complicated,” without knowing ex-
actly which numbers were missing
from the range.

“But my guess, and it's only a
guess, is that the gaps are roughly
uniformly spread,” he said, “which
would preserve roughly the same un-
fairness.”

FOX SAID his calculations were
based on a bureau directive he called
“well written and easier to under-
stand than most government docu-
ments.

“If they mean what they're saying,
then my opinion is correct and the
procedure is very unfair to people
(who are assigned) low numbers,” he
said.

Fox made his analysis at the re-
quest of Erwin R. Braker, one of the
contestants in last month’s elimina-
tion drawing and one of a handful to
attend the ceremony to select the
finalists.

After the first two digits were
drawn (for each of the five finalists),
Braker was eliminated. He said he
left with an unsettling feeling that
the process of selecting the numbers
was biased. His number was 00400.
He later inquired about the process
to a lottery bureau official, who re-
ferred him to experts at MSU.

A lantac Doklichina Campany inc.



8. Here list a list of the final exam scores from McGill’s Organic Chemistry
class: (the Chemistry department gives hard exams!)

20 25 45 45 50 50 52 54 55 58 60‘62 64 65 65 65 68 74 77 85 96 98

t 1

(a) (2 points) Calculate the median and mode of this data.

median = 0162 _ 77

(b) (3 points) Calculate Q, Q3, and the IQR for this data.

L

Q , =|5c]
S 72

(¢) (2 points) Identify which of the data points (if any) are outliers.

outhers lie obove @,415+1@R=68+1.5%18=95
o  belous Q151050 -1.Sx1Q 723

= \ZDIQQ,O(YEO.& odthers

(d) (8 points) Draw a box-and-whisker plot of this data.

@mmm—— od H «
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Bonus #1 (Up to 5 bonus points)

At the beginning of April, the United States Department of Labor released
its monthly employment report, which indicated that the number of jobs
in the United States increased by 308,000 in March. In response, President
Bush was quoted as saying: “This week we received powerful confirmation
that America’s economy is growing stronger.” List as many items of ad-
ditional information as you can think of, that would be useful to you in

Some Poss'\ bildes:

+ The Po?q\oé‘rm & dhe US. 15 INCESINg
Whot el of b grouth s naaded Jogl +o

keep up with populackan 3(5\&‘{\?
+ |5 one month c; dote s'\éi?ﬁw%? |
I Tan, Feb numbers were tuues, tawyoe this
& nxmal Noctuation ond does et represent
owiNg €conomy -
% t&ao’t sgov‘\' of :;i\os were C‘(Q.Ot\ecl? Some.
\dbs axe seasonal; what sort o (oo
vousth 1S .}3{””“ each March !

& What beeel c? Jb\o crechon ndicotes o Ssheon
QCO‘(\OM&? %uxe,\g) not % AO\OSJ o 3000 30 ;
and w’mn\xj 2000000 &obg e ’5060007
&o\ps sxgmg\\m& relohwe dothe siee e US.

* (Dere the new (oo creoted oy 600’{- legslahion”



Sorry, not going to give you the answer to this
one! You should try it yourselves!

| have had some trouble getting this page to

Bonus #2 (Up to 5 bonus points) print properly -- | hope it works for you.

There is a complete set of 28 dominos hidden in the plus-shaped diagram
below. The edges of each domino have been erased. Draw in the edges
to indicate exactly where each domino lies. A list of the dominos to be
found is given below; note, however, that the dominos may be rotated. An
example (including solution) with 10 dominos is given.

Example:
21211123 21211123
110330 11013(3]|0
213011 21310111
0}(1]0]3]|2 01110132
0-0
0-1 1-1
0-2 1-2 2-2
0-3 13 23 33

Your puzzle:

6(5|12|2|6]|3
6(1|0]|6]|1]|3
111101453
6(6|0|6|6 |3
4121012143
212011143
5(5|/0]3]0]|3
55|04 |5]|5

0-0

0-1 1-1

0-2 12 2-2

0-3 1-3 2-3 33

0-4 1-4 2-4 34 44

0-5 1-5 2-5 35 45 5.5

0-6 1-6 2-6 3-6 46 56 66
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