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2.3 — Direct Proof

A syllogism is an argument of the form

a—b
b—c

Therefore, a—c.

A syllogism is an example of a direct proof.
The statements a—b and b—c are called the premises of the argument.

a—c is called the conclusion of the argument, and is often considered to be a theorem.

A theorem is a statement that is proved by reasoning deductively from already accepted statements.



Geometry - Ch 1 - Direct & Indirect Proof November 11, 2016

If Captain Spaulding is in the jungle, there are too many cheetahs. a_-e b

b>c

If there are too many cheetahs, Captain Spaulding can’t play cards.

13. What conclusion follows from these premises?
|+ Coptain Spaumiding is ntha_ jungle
ope Spading s nfufingle, L
en n€ con ‘olag oS |

14. If the two premises are true, doe sit follow that the conclusion must be true?

(jQS

Write in the missing statements for the following proofs.

20. Theorem: If two hungry vultures took an airplane, they would be told that there is a limit of two
carrion per passenger.

Proof:
If two hungry vultures took an airplane, they would want to take along some food. A= &)

LM I NI b

If they tried to carry on six dead raccoons, the flight attendefgvould object. C > A

15 MW Flig it dlendan s ab:
+hn .jm;/l&::té mezﬁ d~>e

xR /IM ;1 O"p —hJO Qm\wequsw‘qf
AW‘CQJ T Theo rean_ &ﬁﬁ



Geometry - Ch 1 - Direct & Indirect Proof November 11, 2016

21. Theorem: If a group of chess players checked into a hotel, the manager would say “I can’t stand

chess nuts haating in an open foyer.”
Proof: bom“

TN 9ro.1oo<F oPté> decks Itz o M’d A b
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If they stood in the lobby bragging about their tournament victories, the manager would ask them to b.a(’
leave

1€ e MarogeS~ €6 ES tHaum s leave
wodd «Sk ‘*’\"’3— 0 ey

If they asked why, the manager would say “I can’t stand chess nuts boasting in an open foyer.” d _? e

2.4 — Indirect Proof

In an indirect proof, an assumption is made at the beginning that leads to a contradiction. The
contradiction indicates that the assumption is false and the desired conclusion is true.

Direct versus Indirect proof of the theorem “If a, then d.”

Direct Proof: Indirect Proof:

If a, then b. Suppose not d is true.
If b, then c. If not d, then e.

If ¢, then d. If e, then f,

Therefore, if a, then d. . _p
And so on until we come to a contradiction.

Therefore, not d is false; so d is true.
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List the assumption with which an indirect proof of each of the following statements would begin.
Example: If a tailor wants to make a coat last, he makes the pants first.

Answer: Suppose that he does not make the pants first.

4. If a teacher is cross-eyed, he has no control over his pupils.

Svppose @ “+eaear~ MS?W‘:)[ oves his ]oop;/s.

5. If a proof is indirect, then it leads to a contradiction.

Suppose_ ¢ proot does nok o4 B rfndidin.

In a book written in the 13" century on the shape of the earth, the author reasoned: “If the earth were
flat, the stars would rise at the same time for everyone, which they do not.”

11. What is the author trying to prove?
+he earth is not -Pla’t'

12. With what assumption does the author begin?
the easrth 1s Flat
e easth 15 LlaC
13. What is the contradiction?
+Fne stars do ot rise @ the S
+ime foor e,uelgow\,
14. What does the contradiction prove abdut the author’s beginning assumption?

s Rl hew, e enthis fob €1at™
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Write the missing statements in the indirect proof:

16. The ammonia molecule consists of three hydrogen
atoms bonded to a nitrogen atom as shown in this figure.

The fact that chemists have found that each bond angle is
107° can be used to prove the following theorem.

Theorem: The atoms of an ammonia molecule are not coplanar.
Proof:

- Suppose the atoms gre c:o]otanal‘.

If the atoms are coplanar, then the sum of the three bond angles is 360°.

If El-;:—spu‘n} of the three bond angles is 360°, then each angle is 120°. -\\
“Th:'s conlagd,'ct s The tack that
+He bbond 13 are <ach [(OF°

Therefore, our assumption is false and .

> The afams are ng% coplarar,

iﬁ 19. A particular puzzle involves separating a set of twelve weights into two sets so that one set will exactly
balance the other on a scale with two pans.

Consider this argument:
If a puzzle of this type has a solution, then the weights of the two sets will be equal.
If the weights of the two sets are equal, then each set will weigh half the total weight.

What conclusion follows from these two premises?

£ & Puzz\e of s type has @ SovaHOﬂ)
Then each set- of weghits wil|
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20. Write in the missing statements in the indirect proof about this puzzle:
Theorem: 1f the sum of all of the weights is odd, then there is no solution.

Proof:

> SuppsSe Thore 1S A Ssluhon

If there is a solution, let the weights in one set add up to S.

If the weights in each set add up to S, then the weights in both sets add up to

S+S=2S, an even number. g
> | his costredieds H\Q}("ms um IS od
Therefore, our assumption is false and

" There {3 adtd o selWen.

21. At a sports banquet there are 100 famous athletes. Each one is either a football player or a basketball player. At least
one is a football player. Given any two of the athletes, at least one is a basketball player. How many of the athletes

are football players, and how many are basketball players? Construct an indirect argument to explain your
reasoning.

Theorem: There is 00"3 one Footbalk Plaﬂep
ond thee are. 99 pasketoalk Pla‘jds“

Prost - Suppose thee is more than ang
T tball pta‘def.
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