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3.1

3.1.4

The predicate for Q(n) be defined as ,* < 30,

(a)

The objective is to determine which of the statements of Q( n) istruefor n=2,-2,7, and -7.
Replace n with2in Q(n).
0(2):2° <30=>4<30.
Thus, O(2) is true.
Replace n with 2 in Q(n).
0(-2):(-2)" =30=>4<30.
Thus, Q(-2) is true.

Comment

Step20fd4 A

Replace n with 7 in Q(n).

Q(7):7* <30=>49 £ 30.

Thus, Q(7) is false.

Replace n with —7 in Q(n).

Q(-7):(~7)" £30=> 49 £ 30.

Thus, Q(-7) is false. [y



3.1

3.1.7

(a)
Consider the predicate,

Domain is all integer set 3 15 an integer
The abjective is to identify the truth set of the above predicate.
The value of 4 for which gis an integer are —6,—3, -2, —11.2,3.6.

The domain 5 the set of all Infegers.

Theretore, the truth set is |{—6,—3,—2__ —1, I,E,E,ﬁH.

Comment

Step 2 of5
()

Consider the predicate,

Domain is all positive infegers set gis an infeger.

The abjeclive is 10 identify the truth set of the above predicate.

The value of 4 for which gis an integer are —6,—-3,-2.—1.1,2.3.6.

The domain is the set of all positive integers

Therefore, the truth set is

Comment

Step3ols -~

(<)
Consider the predicate,
Domain is all real numbers sel | < ° < 4.

The objective is 1o identify the truth set of the above predicate



3.1

The inequality can e writien as,

l=x'=4

Hl=x=12
Thatis —l<x<-2and 1=x<=2
The value of xfor which | < 4? < 4 willlie between _2and —| inclusive together wiih those
between 1 and 2 Inclusive.

The domain s the set of all real numbers

Therefore, the ruth setis [2<x<—lorlsx=<2|.

Comment

Step 5 of & A~

(a)

Consider the predicats,

Domain is set of all integer set | < 22 < 4,

The objective is to identify the truth set of the above predicate

Comment

Step € ofls ~

The meguality can be writien as
1sx' <4

] Cx <42

Thatis =l=x<<2 and 1<x=<2

The value of xfor which | < 4 < g4 will lie between _z2and _ | inclusive together with those
between 1 and 2 inclusive

The domain is the st of all integers.

Therefore, the truth set is [{-2,—1,1,2}|



3.1

3.1.15

(a) (i) Every rectangle is a quadrilateral.
(OR)

(i) Any rectangle is quadrilateral.

(OR}

(iil) Some quadrilateral is a rectangular.

Comment

Step20f2 ~

(b) (i) At least one set has |6 subsets.
(OR}

(il) We can find at least one set which has | subsets



3.1

3.1.16

The objective is to rewrite each of the following statements in the form of *¥..o.L"
d.

Consider the statement as,

“All dinosaurs are extinct,”

The meaning of the above statement is that each and every dinozaur is extinct.

Thus, the required statement equivalent to the given statement in the form of ¥......x, ... 05,

I‘v‘dimsaurs X, X is extinm_.l

Comment

Step2aotie -~

b.

Consider the stalement as,

"Ewvery real number is positive, negative, or 2ero.”

The meaning of the above statement IS that any real number has 1o be positive, negative or Zend.

Thus, the required statement equivalent to the given statement in the form of %%, ...... is,

|‘?‘ real numvers x, v ois positive, negalive or oero|,

Comment

Step 3 of 6

.

Lonsider ihe statement as,

“Mo irrational numbers are integers.”

The meaning of the above statement is that mone of the imational number is an integer.

Thus, the required statement equivalent to the given statement in the form of ¥.....x, ... 05,

I‘v‘ irrarional numbers x, x is not an inlege.r.]




3.1

3.1.18

b.
Tha slatamanl is hal evaery compular scenocs sedent is an engineering stwdanl
Thé abgywe Statameant can ba exprassad &5 shown Dalow,

W 0 iF Cx ) then E‘[.-a_j. (O wse D, C(s)— E(x).

In thee: aowve expression, gy denctes for all s inm the set of all siudents in the schoodl

Therefors, the expression is |"?'.:=EI.J' ifC(a )then E({s) Orwse ld , C(s)— E[J]l.

Coamimant

Step 3ol 5 -~

i~
The statems=nt is that no computsr science student=s are enginesnng students
The abowe statement can be expressed as shown below,

W€ D such that C{s)— E(s).

Therefore, the expression is |vs e D such that C(s)— E(x)|.

Comments {2)

Stepdof 5 -~

.
The statement is Thal soma cdmputar scianoe students are aiso math magors.
The abowe statement can be expressed &5 Shown Dealow,

Js = £ such that Cla)a M(x).

Therefore, the expression is |3s e [ such that C(s)~ M ()]

Coamimment

Step 5ol 5 -~

=

The staterms=nt is that some compuier science studsnts are sngineering sfudenis and soms are
mot

The above statement can be exprassed =25 shown below,
[ 3s = Dsuch that C(s)~ E(s}}~(3x = Dsuch thar Cs)a —E(5)]
Therefore, the expression is

[(35 « Dsuch thar C(s) ~ E(5)) ~ (35 « Dsuch that C(s) ~ ~ E(s))|-




3.1

3.1.22

Recall the Universal conditional siatement:

* W x.,if P(x) then Q(x)”

Suppose, x is a Java program. Then, the following holds true.
P(x): x Is ajava program.
Q(x) x has at least 5 lines

Next, apply the Universal conditional statement

The statement in the form * 2, then “, IS as foliows:

" Wx.if x is a Java Program. then x has at least 5 lines.”
Or

In symbol Torm;

v (P(x) = O(x))

Comment

Step 3 of 3 A

(D)

Consider the statement,

“Any valid argument with true premises has a true conclusion™

The objective is to write this statement in universal conditionz! statement form.
Suppose x is a valid argumen! with lrue premises.

Then. the Tollowing holds true.

P(x)  x is avalid argument with true premises
Q(x)- x has true conclusion.

Next, apply Universal conditional statement.

The statement in the form ~ x. if then "is as foliows:

“ wx.IT x Is avalld argument with true premises. then x has a true conclusion.”
Or,

In symbol form;

Vx(P(x) EEY Q(x)).



3.1

3.1.23

(@)

Consider the statement,

All equilateral friangles are isosceles.

The objective is to rewrite this statement in universal conditional statement form.
The statement is rewritten as,

“Wxif x Is an equilateral triangle, then x Is isosceles”.

And the other objective is to rewrite the given statement in not using if then form.
* v Equilateral triangles x, x is an isosceles triangle”.

Therefore, the statement can be written as w x if x is an equilateral triangle, then x is
isosceles” and * wequilateral triangles x, x is an isosceles triangle”.

Comment

Step2of2 ~

(b)
Consider the statement,

Every computer science student must take data structures course.

The objective is to rewrite this statement in universal conditional statement form.
The statement can be rewritten as,

“ wxif x is a computer science student, then x must take data structures course”.
And the other objective is to rewrite the given statement in not using if then form.

* vy Computer science student x, x must take data structures course”.

Therefore, the statement can be written as “ y xif x is a computer science student, then x
must take data structures course” and * v computer science student x, x must take data
structures course”,



3.1

3.1.25.d

(d)

The given statement is:

“The negative of any irrational number is irrational.”

Here, the domain of the predicate variable is “irrational number”.

Part 1: Write the given statement in the form * v ) & i

To write the statement in this form, fill the first blank with the domain of the predicate variable
“irational number”, and the second blank with the additional condition given for the predicate
variable,

Therefore, the statement can be rewritten as

* v irational number x, the negative of x is irational.”

Comment

Step8of12 A

Part 2: Write the given statement in the form “ y x, if , then

To write the statement in this form, fill the first blank with the domain of the predicate variable
“irational number”, and the second blank with the additional condition given for the predicate
variable.

Therefore, the statement can be rewritten as

* v x, if xis an irrational number, then the negative of x is irrational.”



3.1

3.1.29

(=)

Consider the statement:

xsuch that Rect(x) Square(x).

The statement can be rewritten as,

There is a shape thal is both reclangle and a square.

This is a tree statement since, a square is also a reclangle.

Hence, the statement IS True.

Commment

Stepd of 5 ~

=1

Consider the statement below:

Jxsuch that Rect(x) 0 Square(x)

The statement can be rewritten as,

There is a shape thal is a rectangle bul not a square.

This IS a ree statement since, a rectangke with sides of length 4 and widin 3 is not a square.

Hence, the statement is True.

Commnent

Step B of 5 ~

<l
Consider the statement:
Wx, Square(x)— Rect(x)
The statement can be rewritten as,
If a shape is a square then i is also rectangle.

This |5 a true statement since all squares have Tour right angles and two seis of two sides of
equal length.

Hence, the stalement is True.



3.2

3.2.3

wiishh x, x has gills.
The formal negation is,
I afish x such that r doess not have gills

Therefore, the answeris 3a fish x such that x does not have gills .

Comment

Step 2 of 4 -~

k.
The statemant is,
w compulers o, « has a CPU.
The formal negation is,
I 8 compuier ¢ such that ¢ doss not have a CPU

Therefore, the answer is 3a computer ¢ such that ¢ does not have a CTPU

Comment

Step 3 of 4 -~

C.
The stalsmant is.

T a movie wsr such that wr is over G hours lomg.

The formal negation is_

w movies m, me is less than or equal to 6 hours long

Therefore, the answer is w movies m, v is less than or egual to & hours lomg .

Comment

Step 4 of 4 -~

d.

The stalemsnt is,

Zaband p suchthat B has won at least 10 Germany awards.
The formal negation is.

whband &. & has won less than 10 Germany awards

Therefore, the answeris wband . & has won less than 10 Germany awards .



3.2

3.2.7

The statement is “There are no orders from store A for item B”.

If the statement is in the form where the word “Some are” or “At least” is used, then it is
called existential statement.

But here the statement is for all orders not for some orders.

Thus, the statement “There are no orders from store A for item 8" is not existential.

Comment

Step2of2 ~

Now, the informal negation of the statement “There are no orders from store A for item B”
can be written as:

“There is at least one order from store A for item B".

And,

Formal version of the statement “There are no orders from store A for item B°

can be written as:

“ vy order x, if x is from store A, then x is not for item B".

3.2.10

3 computer program P such that P compiles without error messages and P is incorrect



3.2

3.2.14

The statement is shown below,

“For all real numbers x, and x,,if x®=x" then x, =x,"
The proposed negation is,

“For all real numbers x, and x,,if x*=x% then x £y "
The objective is to determine if the proposed negation Is correct.

The proposed negation is not correct because for the statement “For all real numbers x, and x,
Jif x* =x7, then x =x,", to be false there must be at least one pair of real numbers such that

> -

X =x, then X, ’_!x:.

The proposed negation “For all real numbers x, and x,, if xf - .r’, then X, /!-“z" means that
given any two real numbers, x,’ - ,\-’3 then X, { Xaie

The truth of this statement implies the truth of the negation, but the negation can be true without
having its statement true.

Therefore, the correct negation is “There exists two real numbers _\"and X, such that xlz = x::
and X, % Xy -

3.2.23

Negation:

There 15 a function such that function 15 differentiable but the function 15 not continuous.

Or
There 13 at least one differentiable function but 15 not continuous.



3.2

3.2.24.a

(a)

Consider the statements,

‘The total children in Tom's family are female’.

‘The total females in Tom's family are children’.

The objective Is to rewrlte the above statements in if-then form.
The first statement in conditional statement form:

If a person is a child in Tom's family, then the person is female.
The second statement in conditional statement form:

If a person is female in Tom’s family, then the person is child.

Comment

Step2of4 A~

Converse of the statement,

If p—>q isthe statement, then ¢ — pis the converse of the statement.

Mext, objective is to write the logical relationship between the above two statements.
The logical relationship between the above statements as,

The second statement is the converse of the first statement.

That is “The total females in Tom's family are children’ is the converse of ‘The total children in
Tom's family are female’.



3.2

3.2.24.b

(b)

Consider the statements,

‘The total integers greater than 5 and end in 1, 3, 7, or 9 are prime numbers’.

‘The total integers that are greater than 5 and are prime numbersend in 1, 3, 7, or g
The objective is to rewrite the above statements in if-then form.

The first statement in conditional statement form:

If an integer is greater than 5, then the integer ending in 1, 3, 7, or 9 are prime.

If an integer Is a prime which Is greater than 5, then the integer endsin 1,3, 7, or 9.

Comment

Step 4 of 4 ~

The objective is to write the logical relationship between the above two statements.
The logical relationship between the above statements as,
The second statement is the converse of the first statement.

That is "The total integers greater than 5 and end in 1, 3, 7, and 9 are prime numbers’ is the
converse of ‘'The total integers that are greater than 5 and are prime numbersend in 1, 3, 7, or
9.



3.2

3.2.27

Consider the statement.

If Eis an integer, then 4 = 3for all integers 4
d

The abjective is to write the converse, inverse, and contrapositive for above statement.

Identify the bast amaong the statement, its converse, its inverse, and its contrapositive are true,
and which are false

If the statement is false, give the counterexample

Comment

Step2of5 ~

The statement can be wrillen as,

6
r—and g:d =3.
" 3 if

The statement is ‘If EIS an integer, then 4 = 3for all integers 4.'
ef

Provided statement is false.

Hence, p—q

Counterexample:
let 4=2.
6_6
o 2
=3
= Integer

Here, 3 is an also integer but o 2 3.

Hance, tha statement = qis false.



3.2

Conversa of the slalameant.
If g, then g

Converse of the above statement is
If o =3 .tham %is an integar for all intagars 4,

This conmversa is true.

Here 2 is also an integer

Comment

Step 4 of 5

Invarsae of tha statemant:
If = pthon — 4.

Inverse of thae above slatement is,
If —Eia not an imieger. then 4 = 3for all integers 4.

This inverse is frue

6 o 3

— =_ =" = not an mtegsr
o 4
Here g =d =3,

Comment

Stepdots -~

Contrapositive of the statement:
If =aqg.them = .

Contrapositive of the above statemant is.

If o = 3 them Eis not an integer for all imiegers 4,
i

This contrapositive is false

f of m2 w3 then 2> =2 - 3is an integer
o



3.2

3.2.36

(a)
Consider P(x) is a predicate and the domain of x is the set of all real numbers.
And the statements as Tollows,

R be"WyeZ P(x)

S be” ¥xeQ, Px)

T Be” Wxe R,P(x)"

The objective Is to find a definition for  P(x) sothat g s rue and both § and T are false and

not using x e 7.

Comment

Step2of5 ~

Suppose Px)be Sx1-
Then the negation is ~ P(x) be 5x=1.

Since Yxe A 5x =1

Thersfore, * ¥y e E,,P(x}" i= frus.

Hence, pgis true.

Comment

Step3of s ~

. 1
Zincs 5[3]=|-Tﬂr x=%EQ= Sv=1.

3.I=éEQ xe~ P(x)

Therefore, * wx e (0, P(x)" s false.

Hence, §Is Talse.



3.2

Since 5(%):1 for x=%eR. Sx=1.

3.r=éek. xe~P(x).

Therefore. ~ ¥x e R, P(x)" is false.

Hence, Tis Talse.

Therefore, the definition of the predicate P(x) is,

|P(x)besx=I|
|
(b)

The objective Is to find a definition for P(x) sothatboth R and S are trueand 7 Is false and
notusing xe Q.

Suppose P(x)be 5y 2

Then the negation is ~ P(x) be 5y - /2.

Since yxe Z,5x = V2

Therefore, © Wx e Z, P(x)"is true.
Hence, Ris true.

Since vy e 0,5x = 2.
Therefore. * ¥Wx e Q,P(x)"is true.

Hence, §is true.

Comment

StepSors A

Since 5(—\/5—5—J=\E for x=geke Sx=+/2.

3_r=g§ R xe-P(x).

Therefore, * ¥x e R, P(x)" is false.

Hence, Tis false.

P(x) be Sx=+/2|




3.2

3.2.43

It is not the case that, if a number is divisible by 4, then that number is divisible by 8

In other words, there is a number that is divisible by 4 and is not divisible by 8

3.2.44

The given statement is:

“Having a large income is not a necessary condition for a person to be happy.”

Now, “ Vx.r(x) is a necessary condition for s(x)" means * Vx, if | r(,\') then [ s(x)"or
equivalently, * Vx, if s(x) then r(x)".

The given statement can be rewritten as * v person, a person having a large income is not a
necessary condition for a person to be happy”.

Hence in the given statement, r(.\') is “a person having a large income”, and

s(x) is “a person to be happy”.

Comment

Step2of2 A~

Now, “ Wx,r(x) Is a necessary condition for s(x)" means “ Vux, if s(,\-) then r(x)"

Therefore, * V.\'.r(x) is not a necessary condition for s(.r) "means “ Jy such that
s(x)Aatr(x)"

Replace x, r(x) and s(x) with the appropriate wordings to understand the meaning of the

given statement.

“ 3 person such that the person is happy and the person is not having a large income”.

Therefore, the statement can be rewritten as

“There is a person who is happy and does not have a large income”.



3.2

3.2.45

It is not the case that, if a person has a large income, then that person is happy

In other words, there is a person who has a large income and is not happy

3.2.46

It is not the case that, if a function is polynomial, then the function has a real root

In other words, there is a function that is polynomial and doesn't have a real root



3.3

3.3.2

Let G(x,y) be x>y

(@) G(2,3) istrue because 2? =453

Comment

Step2of4 ~
(b) G(1,1) is false because |2 = | x|
Comment

Step3ofd ~
() G(%%) is false because (%) :% %

Comment

Step4of4 ~

(d) G(-2,2) is true because (_2): nd>2



3.3

3.3.6

There are four squares e, g, h and j. The following table shows that for each of these squares, a
circle of different color can be found such that it is above the square.

Given x = | Choose y = [ Check that x and y have different colors | Check that y is above x
= abore Yes Yes
g aorc Yes Yes
h aorc Yes Yes
J b Yes Yes

Since for every square e, g, h and j, we are able to find a circle such that the square and the
circle have different colors, and the circle is above the square, the given statement is true.



3.3.11

Consider the statemeant as,
" 3y e & such that VM (s, Casablanca ).
Repres=nt the key symbols as:
3y & 5 : There is at lzast ane student.
¥ =.Casablanca ) : Student s has seen the movie Casablanca

So, the statement can be written as:

There is a student at school who has seen the movie Casablanca.

Comment

Step 2o0f 6 -~

b
Consider the statement as,
* %'s & § such that ¥ (s, Star Wars )’
Represent the key symbols as:
vy e 5 - Al stedaents at Schoeol.
V| s.Star Wars ): Student shas sean the movie Star Wars.
So, the statemsnt can be wrillen as:

All students at school have seen the mowvie Star Wars.

Commeant

Step Fofe »~

c.
Conslder the statamant as,
"wrxe 5, dme M such that I-"'[_q_m}"_
Repraes=nt the key symbols as:

vs e & = All students at School

T & M ; Al lzast one movie.

Vs, ): Sems student & has seesn somes movie mw
So, the statement can be written as:

Ewvery student at the school has seen at least one mowvie.



.
Consider the statemsent as,

"IwveS,Ies, and Ime M suchthat swrand Fs,m)aV(r,m)"
Raprasant the key symbols as:

Ay e & Somea student s at School.

3§ e 5§+ Somes student yat Schoaol

T & M : At least one moavie.

% & f: The students x and rare different

¥ ::,m}: Stud=nt x has sesn some movie m

A and

¥ (r.m): Student rhas seen some movie m.

Sa, the slatemeant can be wrillan as:

There are two different students at school that have seen the same mowia.

Commeant

Step 6 of 6~

f.

Consider the statement as.

"IyeSand Ire s suchthat ser and Yme M. V(sm)—=F(r.m)"
Fezpresenl the key symbols as:

3y £ 8 Some sludent x at School

3¢ € § : Some student fat School

% = [ : The students x and rare different

Fm & M - At least one movie.

¥ (s,m): Student s has seen some movie m
= implies

l’[r.m}: Student rhas seen some Movie m.

So, the statemeant can be wrillan as.

Thers are two students such that if one student has seen a movie, then the other student

aleo has seen the movie.,



3.3.13

(a) Statement
For every color, there s an animal of that color

There are animals of every color

Comment

Step2of2 ~

(b) Negation
3 a color Csuch that w animals A, A Is not colored C

For some color, there I1s no animal of that color

3.3.18

(a) Statement
For every real number x, there 1s a real number y such that x+ »=0
Given any real number x, there exists a real number ¥ such that x + y=0

Given any real number, we can find another real number {possibly the same one) such that the
sum of the given number plus the other number equals 0

Every real number can be added to some other real number (possibly itself) to obtain 0

Comment

Step 2 of 2~

(b} Negation
J a real number x such that w real numbers y, r+y=0
There is a real number x with the property x+ y = 0 for any real number y

Some real number has the property that its sum with any other real number is non-zero



3.3.22

(a)

Consider the statement.

w real nrumbears x, Ja real numbear ¥Ysochthat x+ =0,

Tha objectiva I= to rewrite the statemant withowt using variables or the symbols.

And identify whether this statement is true or falss

Z orverme it

Step & of 4 -~

The statement can be rewritten as,

For any real number. you can find a real nomber so that the sum of the two numbers s 0
The statement is true because every real number has its own additive inverse.

Exampla:

2=2=D

Therefore, the statement is @

Comrmea rt

Step 3ofd4 -~

(=)

Consider the statement.,

3 & real number ¥sauch that w real numbers x. x+ v =I0.

The objective is to rewrite the statement withouwt wsing variables or the symbols.

And identify whether this statemeant is trus or falsa.

Comment

Step 4 of 4 -~

The statemeant can be rewritten as,

There is a real number whose sum with any real number is zero

The statement is false becausse no numbers will work for all the numbers
Adding of bwo different numbers does nol oCCcUr Zero.

Therefore, the statement is [falsa].



3.3

3.3.27

(@)
The objective is to determine whether the statement is true or false.

This statement is a true statement, because there is a circle b lies above the square e and they
are different colors.

Hence, the above statement is true.

Comment

Step3of3 ~

(b)
The objective is to write a negation for the mentioned statement.
The negation of the above statement is as follows:

For all circles x and for all squares y , x is notabove V or x and y are of the same
colors.

3.3.31

Consider the statement
Everybody Is older than somebody
This can be rewritten as

v people x, 3 a person y such that x is older than y



3.3

3.3.38

The staternent is: Every action has an equal and opposite reaction.
(a)

The objective is to write the statement using quantifiers and variables.
Define p to be the set of actions and reactions.

Define P(x,y)="x and y are equal and opposite" .

The statement can be written as:

W action x, 3 a reaction y,such that x and y are equal and opposite.

Thatis, Vxe D,3ye D: P(x, y].

Comment

Step2of2 ~

(b)
The objective is to write the negation for the statement.
Apply negation to the statement in part (a).
~ |:"':|":r eD 3yeD: P(x,y}]
=3xeD,~(3yeD: P(x,y)) by negating Vx
=3ve D,Vye D:~P(x,y)  bynegating 3y
In words, the statement can be written as:

There is some action that is not equal and opposite to any reaction.



3.3.41

k)
TRUE. Rewrite the statement as shown below
‘For all integers x , thers exist an integer ¥, such that first infeger is one more than sacond one ™

Consider any arbitrary integer x| then for every integer x, there is also an integer y such that

B - .
y+l=(x=1)+1l=x

Thus, the statament is TRUE

Commeant

Step I ofd -~

c)
FALSE. Rewrite the statement as shown below:
“There exist real numbear x, such that for all real ¥, first number is ong mora than second oma.”
Conslder p=1,
==+l
=]
=2
Consider y=2,
xe= 4]
=24]
=3
For any real number ». thera iz no fiked x such that x=»v+1.

Thus, the statemant is FALSE.

Comment

Stepd of @ A

d]
TRUE . Rewrite the statement as shown belowr
“For all positive real x, there exist a pesitive real », such that their product is wnit.”

; . 1 -
For any given positive real number &, wea can consider y =—  which is also positive real

X
number and xy=1.

Thus, the statement is TRUE



3.3

FAlLSE. Rawrita the statemant as shown balow:

‘For all posilive integer x and all positive integer v there exisl a 4peintegar = |, such that third
one iz the difference of first and second.”

Consider x=1,p=2.
A el T
=]-2

=-=I
Far imteger x which is less than the integer ¥, == x= ¥ is always negative

Thus, the statement is FALSE

Comment

Step T of @ ~

g
TRUE. Rewrite the statement as shown belows

“For all integer x and all mieger
difference of first and second.”

¥, there exist an integer =, such that third one is the

For any integer x and integer . == xr—= ¥ is always an integer.

Thus, the statement is TRUE

Comment

Step 8 of & -~

h)
TRUE. Rewrite the statement as shown belowr:

“For all positive real numbars v |, thare exist positive real o such that we < v, in fact for
O=u=l,

wv=v=v(uw=1)<0
=5 v < ¥

Thus, the statemant s TRIUE.
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3.3.46

(@)
The given statement “There is a triangle x such that for all squares y, x is above .
The statement is true because of the following reason.

In the Tarski world of figure 3.3.1 given, there are two triangies namely a in the first row and ¢ in
the second row.

|f someone gives you a triangle a or ¢ then it can be observed that they are above all the three
squares e, h and j in third, fourth and fifth rows respectively. So for all the squares the property
that one trniangle is above all the squares is true.

Comment

Step2of3 ~

(b)
The statement can be written using formal logical notation using the example 3 3.10 as below.

Statement. Fx(Triangle(x) A VySquare(y) — Above(x, y))

Comment

Step3ofa ~

(c)
The negation of the statement in (b) is given below.
Statement: 3x(Triangle(x) A VySquare(y) —> Above(x, v))
Negation: ~ (3x(Triangle(x) A VySquare(y) = Above(r, v)))
= Vx ~ (Triangle(x) A YySquare(y) —> Above(x, y)) (By the law of negating a 3 statement)
= Vx(~ Triangle(x)v ~ (VySquare(y) — Above(x, v))) (By Demorgan’s Law)
= Vx(~ Triangle(x) v (Jy ~ (Square(y) —> Above(x, y))) (By the law of negating v statement)

= Vx(~ Triangle(x) v (3y(Square(y)A ~ Above(x, v))) (By the law of negating if-then
statement)



3.3.48

The statement is "For all circle x, there is a square y such thatl y is to the right of X"
(a)

The statement says that you must find all the square that is right to the circle.

But in Tarski 3.3.10,

For all the circies b, d, £, and ;. there is a square 1o the right of these circles.

But there is no square to the nght of the circle &.

Thus, the statement is false.

Comment

Step2cof3 ~

(»)
Let Circle (x). Square (y) ana RightOf (y, x) mean “x is circle”, "y Is square™. and "y Is to the
right of X",

Thus, the statement using formal logical notation Is:

Vx (Circle (x)—( 3y( Square (y) A RightOf (y.x))

Comment

Step3ora A~

()

Now, the formal negation of the statement can be written as’
—( ¥x (Circle (x) —( 3y ( Square (y) A RigntOf (y,x)N)
= Ix—(Circle (x) — ( 3y ( Square (y)A RIghtOr (y,x)))

(by the law for negating 2 y statement)
= 3x(Circie (x) A —( 3v( Square (y)A RightOf (y, x)))

(by the law for negating an if-then statement)
= 3x(Circle (x)A V¥ ( —( Square ().-),\ RightOf (y, x)))

(by the law for negating 2 3 statement)
= 3x(Circle (x)a Yy ( —( Square (y)v — RightOf (3, x))

(by De Morgan's law)



