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Please switch off your mobile phone and do not place it on the table; place your identity and
student ID cards on the table so that they are clearly visible.

Please check that you have received all ten problems.

Please do not write with the colors red or green. Write on every page your family name
and your first name.

Please make sure to submit only one solution for each problem; cross out everything that should
not be graded.

If you need a tutorial certificate (Ubungsschein / nicht modularisiert) please fill in the form on
the second next page.

By entering a pseudonym (e.g. the last four digits of your student ID number) in the appropria-
te box on the left at the top of the next page you will give your permission to the publication
of your results on the lecture’s homepage.

You have 120 minutes in total to complete this examination.

Good luck!
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Please read carefully each of the following statements, decide whether it is true or false and tick
your answer accordingly. In case more than one answers (other than True or False) is given,

please tick the one you consider correct.

Each correct answer gives one point. Fach false answer gives zero points. The optimal total

sum is 40 points.

Exercise 1: a. The axiom of foundation is the following formula

Vo(Fy(yex) = Fylyex A m3.(z€x A z€Y))).

b. ZF F 3,(z € z).

c. The following axiom of ZF proves the formula

Vot &y V y &)

1 Extensionality 1 Replacement 1 Foundation

d. (Karde V) Vv (On—Kard ¢ V).

Exercise 2: The operations below are between ordinals.

a. m(y) <rm(z) »>y € x.

b.mw- -w+w)=rm(w-w+w+1).

C.w-w+we€ V,prwil-

d. {rn(z) | = € ® R} is bounded in On.

(4 Union

(4 True 3 False

(d True 4 False

(d True 4 False

(d True 4 False

(4 True 4 False

[d True 4 False

(d True 4 False



Exercise 3: a. If A > w is a limit ordinal, there exists the immediate previous limit ordinal to
A

A True A False
b. If F': On — On is increasing i.e., Vo geon(a < 8 — F(a) < F(B)), then
Foeon(Fa) < ).
d True 1 False
c. If Fi, F5: On — On such that

{a € On | Fi(«a) = a} is a closed and unbounded class,

{p € On | F5(B) = B} is a closed and unbounded class.

Then the class
{y € On | Fi(y) = F5(y) =~} is closed and unbounded.

[d True 4 False

d. Please give an example of an unbounded class of ordinals which is not closed.

Exercise 4: a. The transitive closure of {0, 1, {w}} is

0 {w} Quw+1 Qw+2 O wU{w,{w}}

b. If A is a limit ordinal, then V) |= Infinity axiom.

A True A False
c. cf(w,) = w.

d True [ False
d. wgf(wg) < ws.

(d True 4 False

Exercise 5: The following relations and formulas are absolute for transitive models of ZF™:

a. reuxo.

A True [ False
b. z € dom(r).

1 True 1 False
c. o is a limit ordinal.

A True 1 False
d. u=P(v).

A True [ False



Exercise 6: a. V' # L.

 True in ZF  False in ZF (1 Undecidable in ZF
b. HOD is an inner model of ZF.

O True in ZF 1 False in ZF (d Undecidable in ZF

c. There is no well-ordering on (|J P (w))"°P.

4 True in ZF 1 False in ZF (4 Undecidable in ZF

d. Ve (L, © V4).

=

1 True in ZF 1 False in ZF 14 Undecidable in ZF

Exercise 7: a. Con(ZF) — Con(ZF +V # L).

b.V =L —V =HOD.

c. V=L—-GCH.

d. Con(ZFC) — Con(ZFC+V # L).

Exercise 8: a. u € Def(u).

b. z1,...,z, €u— {z1,...,2,} € Def(u).

c. 2,y € Def(u) - x Uy ¢ Def(u).

d. u is transitive — u C Def(u) A Def(u) is transitive.

[d True 4 False

(d True 4 False

4 True 1 False

(d True 4 False

(d True 4 False

4 True 3 False

[d True A False

(d True 4 False



Exercise 9: Suppose that <P, <, 1> is a set of conditions contained in a countable and tran-
sitive model M of ZFC.
a. For every p € P and every G generic over M it holds Kq({< 0,p >}) = 0.

1 True 1 False

b. Suppose that p,q € P such that p, ¢ are incompatible. Then there exists G generic over M
such that p ¢ G.

[d True 4 False

c. If G is P-generic over M and
Vper3gqer(tt <P A @2 <p A qi, ¢ are incompatible),
then G € M.

(d True 4 False

d. If G is generic over M and
Vpaer(p < q V ¢ < p),
then G ¢ M.

(d True 4 False

Exercise 10: Suppose that M is a countable transitive model for ZFC, P is the set of the finite
partial functions from w to 2 i.e.,

P={p|pCwx2 A |p|<w A pisa function},

while p < ¢ <> p D q. Also, G is P-generic over M and ¢ is a name for |JG.

a. 0 IF @ is a function from & to 2.

1 True 1 False
b. 0 IF 1 € mg(®).

A True [ False
c. {<0,1><21>}F®()#0.

d True 1 False
d. {<0,0>,<10,1>,<11,1>}IF®(1) = 0.

(4 True 1 False



