Negation and Quantifiers Worksheet 3 Solutions

Question 1

Let P(a,b,c) mean ¢ > a = ¢ > b. The statement translates as
Yae S 3dbe SVee S, P(a,b,c).
Its negation is
Jae SVYbe S dce S, -P(a,b,c).
Since =(¢ > a = ¢ > b) means ¢ > a and ¢ < b, the worded negation is option A.

The answer is A.

Question 2

Let P(e, d,z) mean |z| < 6 = |f(z) — f(0)] < e. The statement translates as
Ve >036>0Vz eR, P, x).

Its negation is
Je>0Vd>03reR, =P(ed, ).

Since —(|z| < 6 = |f(z) — f(0)| < €) means |z| < § and |f(z) — f(0)| > ¢, the worded negation is
option C.
The answer is C.

Question 3

Let P(T,v,e) mean v lies on e or e is red. The statement translates as
VI'e M veTVeeT, P(T,v,e).

Its negation is
T eMVveT IecT, -P(T,v,e).

Since —(v lies on e or e is red) means v does not lie on e and e is not red, the worded negation is
option D.
The answer is D.

Question 4

Let P(q,b,n) mean note n is silver. The statement translates as
Vg 3b € B, Yn € Ny, P(q,b,n).

Its negation is
dg Vb € B, 3n € Ny, —P(q,b,n).

So the worded negation is that at least one quorl has no bell whose notes are all silver, which is
option B.
The answer is B.
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Question 5

Let P(u,s,v) mean v is adjacent to u = v is connected to s. The statement translates as
Yue G ds € GYv €@, Plu,s,v).

Its negation is
JueGVseG JveG, ~Pu,s,v).

Since —(v is adjacent to u = v is connected to s) means v is adjacent to u and v is not connected
to s, the worded negation is option C.
The answer is C.

Question 6

Let P(a, N,n,m) mean a,, > a,. The statement translates as

Y(a,) € AIN € Z* ¥n > N Im >n, P(a, N,n,m).
Its negation is

J(an) € AYN € ZT 3n > N ¥Ym > n, =P(a, N,n,m).
Since = (a, > a,) means a,, < a,, the worded negation is option B.

The answer is B.

Question 7

Let P(r,s, P,Q) mean d(P,Q) < s and h(Q) < h(P) + r. The statement translates as
Vr>03s>0VYP e E3Q¢cE, P(rs,P,Q).

Its negation is
Ir>0V¥s>03IP € EVQ € E, =P(r,s,P,Q).

Since =(d(P, Q) < s and h(Q) < h(P) + r) means d(P,Q) > s or h(Q) > h(P) + r, the worded
negation is option A.
The answer is A.

Question 8
Let P(P,l,C, Q) mean marked point @ lies on both [ and C. The statement translates as

VPeD3dleDVCe Dp3QeM, P(PI,C,Q).

Its negation is
dPeDVie D 3dC e DpVQ € M, -P(P,l,C,Q).

So the worded negation says that for some point P, every possible line fails because some circle
through P has no marked point lying on both that line and the circle. This is option D.
The answer is D.
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Question 9

Let P(i,g,c,l) mean guardian g can see lantern [. The statement translates as
Vidg e G;VYee C; Jl € L, P(i,g,cl).

Its negation is

JiVge G; Ice C; Vi€ L., —P(i,g,¢,l).

So the worded negation is that one island has no guardian who can see at least one lantern in every
cave. This is option C.
The answer is C.

Question 10
Let P(A,a,B,b) mean a + b = 0. The statement translates as

VA€ F3ac AVB e F3be B, P(A,a,B,b).

Its negation is

JdJAe FYac A3dB e FVbe B, -P(A,a,B,b).

Since =(a + b = 0) means a + b # 0, the worded negation is option B.
The answer is B.

Question 11

Let J be the set of questions on jzmaths.com, and let W, be the set of weeks after first solving
question ¢. Let U(gq, m) mean the student used method m to solve question ¢, and let R(q, m,w)
mean the student recalled method m from memory in week w.

The statement translates as

Vg € J Im (U(q,m) and Yw € W, R(q,m,w)).

Its negation is
dg e JVm —|(U(q,m) and Yw € W, R(q,m,w)).

So
Jg € J ¥m (=U(g,m) or 3w € Wy, =R(q, m,w)).

This says that there is a question on jzmaths.com such that every method fails in at least one way:
either the student did not use that method to solve the question, or there is a later week in which
the student did not recall that method from memory. This is option A.

The answer is A.
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