MATH 404 MIDTERM ExaMm FaLL 2005
SoLvTIONS

NAME:

Instructions: Check that your test has 12 pages, including this one and the blank one on the bottom.
There are 10 problems on the exam. Write neatly: solutions deemed illegible will not be graded, so no
credit will be given. You must show all work, justify all nonobvious parts of your work, and reference
theorems or other facts you know from class or textbook in order to receive credit. Use full English
sentences. This exam is closed book, closed notes. Calculators are not allowed.

PLEDGE: On my honor as a student, I have neither given nor received aid on this exam.
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1. (2 pts each) Answer each of the following questions by circling TRUE or FALSE. You do not
need to justify you answer and no partial credit will be given.

(3) TRUE [FALSE

The implication “If pigs can fly, then 14+1=3" is false. ( See llmeww{ , Sed‘?{: no 4

(b) |TRUE| FALSE

There are P(n,m) one-to-one functions from a set with m elements to a set with n elements.

(um/p(c dove [ class y ‘}//?/

(¢  TRUE [ FALSE
The sequence 15, 8, 1, -6, -13, ... is geometric. ( See z/&ﬁ'l«u‘ﬁ"md 2,3 ué /4}( 22 6)

(d [TRUE| FALSE

If A is an uncountable set and B is a countable set, then A ~ B is uncountable.

(see homewor b sedipn 3.2, prrb e 7.7)

(¢) |TRUE| FALSE

There are 4C(13,5) poker hands from one deck of cards which contain the same suit.

(e,muf& done in  tlss 7/26)
) TRUE .FALSEI

The conditional probability of an event F, given another event F', is p(E|F) = p(E)p(F).

(sie acparlion 3, pape 344 )
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Part I: Things you’ve seen before

2. (3 pts each) State precise definitions of the following:

(a) The Cartesian product of sets A and B:

See  dthudimm T ) pagt §3.

(b) A surjective function:

§(( dﬂﬁ'n;’f)'@h ?") /7“}? /90

(c) The probability of an event F in a sample space S (do not assume equally likely outcomes):

See J/%"/u'ﬁ’@h; 2, pess 36% .

[ﬂ/??‘c Hot alt Ahest  definiTions  were 7'7':/% m clsss
&S M&)
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3. (3 pts each) State the following:
(a) The Generalized Pigeonhole Principle:

Sce ﬂwo-re,u\. 1 , I9u7€ 3/"/ '

(b) The Binomial Theorem:

Ste  Theoyen ///)wjﬂ 1727

(¢) The formula for the number of r-combinations from a set with n elements when repetition of
elements is allowed:

Ste  Thiorem L, pese  33%

( pote that 2 fhece Shfeneds  Lueat ﬁw‘u v Class
s U-(é@)
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4. (5 pts) Prove that v/2 is irrational.

See  Erawgpte 21 o= pagp  bEOf
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5. (5 pts) Prove that the set of positive real numbers is uncountable.

See  Erauple o0 Tn page  $ 235 =f
class  wnoles 74‘% /17 .
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271
6. (5 pts) Use induction to show Z% =21+

=1

n
5

Sce Erawple 6 ov page 243 ol
Loss  usles  From  T/14

Extra credit (2 pts): Why does this show that the harmonic series diverges?
40

The  hearwmic Seavs 1Y f% T Ahe abowe

(=)
Shows  Huat Ao series evniuatly becrmes  tanyer
’Hmm M(j Mmmée/)/ el 1’71 #w; &(/t'uc/);z$.
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Part II: Things you haven’t seen before

7. Consider C = {A C N | Ais finite V A is finite}. Suppose A and B are elements of C.

(a) (3 pts) Show A is an element of C. | )
17 A 3 7{”0\[{% Y. 'h}“v‘— ;}‘ &\45 4 7%!»«‘72 va/(auduﬂ{‘/ ’.e. A=A )
So P i Mmoo C.

If A l/;f;:w%/ 'ﬁ»w A S 747'“'}6 o A s 4 €.

(b) (3 pts) Show AN B is an element of C.

T either o0 both 4 A owd B0 e %o 15 ANB.

T% ’ﬁw‘j one 1707‘1' /,uf MTC 7‘7)% ﬁ du-”{ g— ane é?a b
%Mz’h Q H/b ; 7/‘;0\-1 : @I/LT

i = AuB oAb s fmde = ane €l

(c) (3 pts) Use parts (a) and (b) to show A — B is an element of C.

-

'?D («) 6 ¢ C

By (b Ao €C
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8. (5 points) Prove or disprove this cancellation property for functions:

If fog=foh, theng=nh.

Here 15 & tonuTe Ceamm ple

M A= {41)41/a3f/@5‘f4/,ln3/Cﬂf(‘g'

Lt j;ﬁH3 hip — B f: 8 —>C
<y l— b[ a, ! : 17' Ll {— (l
G ]7) aq —> L, IDL{ (,
a) ety b"- 6’} — él




MATH 404 MIDTERM EXAM FALL 2005

9. (8 pts) Show that among any n + 1 positive integers not exceeding 2n there must be an integer
that divides one of the other integers. (Hint: Any integer can be written as a power of 2 times
an odd integer.)

Let A ntl /L’fczyy.s be G, G, Gne ol
Lnte ta ¢, 48 4 Wrw—tn 4 (A Ws au oAd

5 :

Q.= 2 ¢ (://1,_‘}‘44-// (, odd .

AU ¢ ent  Less fan 20 [(ue stheeoise
A - W24 Le 7 In ) y oAl /’)'91?71/( (/9

ééswhbm , ol a;, A yp{n’ﬁbc).
Gt s ase by A dd ddegus et
Hhan 0 and Mr s Zh / So c/>(7
ij,omlw’(t 'PAA'MM}?'& )

1 4,4 st &y =

L C = Cj =(L
Thee we  baue éj be,

aj = 2 C gy = 72 C

The  Smalltn OZ Buge  Arn'etes  The {émf/(f ong .

10
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10. (8 pts) If each performance of an experiment has only two outcomes, such as a coin toss, the
performance is called a Bernoulli trial. The two outcomes are usually called success and failure.
Let the probability of a success be p and the probability of a failure be ¢ = 1 — p. Show that the
probability of exactly k successes in n independent Bernoulli trials is

C(n, k)p*q™*.
The ot eome o% h lhdywwﬂk Be ry o bl G ls
Cthrn I;L W’/ 4 4 4 n—fu/{c
(Q, ) S ) = '7 6“1)
chene PRIPIES ( guccess) 7
G, = F ( foi liare ).
%\M,e ’ﬁu‘mls ane /fw/?wuwj /7'7& pw)mln(.'fj .47/
’ﬁ S’s (M Vl"{ F/s /msezw,qﬂ?y/ ¢ 1he
posud P Ludiddtanl puj il e
L .t
£ 7 '
Bl B 4 <'s (ol ol lpppal I The
n- {’u/»(c ' aMD
c(a l) =95, < by /;wmé/‘
e At Btl paebalylry

(la, ) p¥ g
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