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Q1]...[25 points] How would you start to write down a proof that some set X is a subset of some other
set Y7 In other words, what is the key fact that you have to prove?
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Suppose that A, B, C are sets. Write down a proof that if A C B, then C — B C C' — A. Be sure to justify
each step of your proof. :
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Q2]...[25 points] Say whether the following functions are only injective, only surjective, bijective, or
neither injective nor surjective. It is important for you to give reasons for your answers.
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3. h:R? > R: (z,y) — 3z + 4y.
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Q3]...[25 points]| List the elements of the group G of symmetries of a square. How many elements does
G have?
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Find two distinct subgroups of Perm({1,2,3,4}) which are isomorphic to the group G above. Write down
explicit bijections between G and these subgroups of Perm({1, 2, 3,4}). [Hint: Think about ways of labeling

the vertices of the square with the numbers 1,2, 3,4.] L. (‘4 Q/L,
N Yy G | |
A.
‘\74'7 f Nofe )
- )
. ,_ﬁ,__‘.L3 W;(; " ot
- a,:resp.mbwj 3
!' \ e ordormy
ﬂ @ :u- \\
\ \ —
RO/ (e 32) |
f R—
! _; 3

R? j (12 3%)
L (n(29)
b ) (13)

Uy S @) (3%)

ke &\ ()

ot JWL“JN:D fw(i) 2,3 »}3 2\ Sulo ey H—;,(PWQ?})"})
| SEES



Q4]. .. [25 points] Say whether the following are True or False. Give a short reason (phrase, name of a
theorem, example) for your answers.
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2. Zyo — {0} is a group under multiplication.
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3. The set of all subsets of a finite set A has 2/4! elements.
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4. If A has n elements, then the set of all injective functions from A to A has n! elements.

%3;“ n duwes or f1)

\T) Thee a5 () — —--— @CL) ;,.ﬂbmwé“"‘*ﬁ;’ﬁ')
The B @) -—-— fB) - — gver cholen for (o), fr)
5 14U B| = Al + 5] SRS sl injedie Rockoy/
@ eq A=02) B=N) \aos {=1],2) 1=
+ 2+ |
6. {0t —0={}

E ¢ and {“j nee oot He erv\p)-v‘ Se b

Bk {ysy It ol V" omP sk (ﬂ'\w; o
elomont) ijb S”)

Pi-9= {6y + 1}




