
Unit 2 – 

Reasoning, 

Logic, Proof 

We will be able to form 

logical arguments in order to 

reason and prove statements 



2.1 – Inductive Reasoning 

Objective: We will be able to 
describe patterns in 
geometry and algebra by 
using inductive reasoning. 



Inductive Reasoning - characterized by 
the inference of general laws from 
particular instances 

Conjecture - An unproven statement 
based on observations. 

 
 **We use conjectures to describe 
patterns** 



Example 1) Describe how to sketch the fourth 
figure in the pattern. 
 
 
 
 
Example 1b) Sketch the fourth figure in the 
pattern: 



Example	2)	Describe	the	number	
pattern	in	the	numbers	0,	2,	6,	12,	20,	
30,...	and	write	the	next	three	numbers	
in	the	pattern.	
	
	
Example	2b)	Write	the	next	three	
numbers	in	the	pattern:	1,	4,	9,	16,	25,	...	



Example	3)	Given	Dive	collinear	points,	
make	a	conjecture	about	the	number	
of	ways	to	connect	different	pairs	of	
the	points.		
	
	
	
5	Points?	



Example 3b) Numbers such as 3, 4, 
and 5 are called consecutive 
integers. Make and test a conjecture 
about the sum of any three 
consecutive integers. 



Example 3c) Challenge. Write the next three 
numbers in the pattern. 
 
1, 8, 27, 64, ... 



Example 4) The table shows the total sales 
for the first three months a store is open. 
The owner wants to predict the sales for the 
fourth month. (a) Make a statistical graph of 
the data and (b) Make a conjecture about the 
sales in the fourth month. 

Month Sales 

1 $500 

2 $1500 

3 $2000 



Example 4b) Refer to the table of Americans 
over the age of 7 that play hockey. (a) Use 
the iPad/Excel to create a statistical graph 
that displays the data. (b) Make a conjecture 
based on the data, and estimate the number 
of Americans that will play hockey in 2008. 

Year Number of 
Participants (millions) 

2000 1.9 

2002 2.1 

2004 2.4 

2006 2.6 



Disproving Conjectures  
To show that a conjecture is �true�, we 
need show it for all possible cases (this 
leads us to theorems). However, to show 
a conjecture is false, we need only show 
one single counterexample  
 
 

Counterexample - a specific case for 
which the conjecture is false. 
 
 

Example) Everyone in the class is 15 years old.  
Who(m) is a “counter example”?? 



Example 5) The teacher in front of you 
makes the following conjecture about 
the sum of two numbers. Find a counter 
example to prove the teacher wrong:  
“The sum of two numbers is always 
greater than the larger number� 



Example 5b) Find a 
counterexample to show the 
following conjecture is false. 
Conjecture - The value of x² is 
always greater than the value of 
x. 



Exit Question: (Multiple Choice) What 
is the next figure in the pattern?

A 
B 

C 



2.2 – Logic, truth 
symbols, Venn diagrams

} Objective – We will explore truth 
values of statements, including 
conjunctions and disjunctions 
(“and”/“or” statements)



A statement will have either true 
or false value. Two or more 
statements are called compound. 	
	
True	or	false?	
“A	square	is	a	quadrilateral,	and	a	
square	is	a	rectangle”	



ü Negation	–	opposite	meaning,	and	
opposite	truth	value	

p:	A	rectangle	has	four	sides	
~p:	A	rectangle	does	not	have	four	sides	
ü A	conjunction	uses	the	word	“and”	
ü A	disjunction	uses	the	word	“or”	



ü Remark	–	If	two	statements	“p”	and	“q”	
are	true,	then	the	conjunction	is	true:	

p:	the	Digure	is	a	circle	
q:	the	Digure	is	not	a	polygon	
	
p	∩	q:	The	Digure	is	a	circle	
and	not	a	polygon	



Example	1)	Write	compound	statements	

p:	It	is	a	right	triangle	
q:	It	is	isosceles	
r:	It	is	equilateral	
(a)	p	and	r	
	
	
(b)	q	∩	~r	
	



ü Remark	–	A	disjunction	is	true	if	at	least	
one	of	the	statements	p	or	q	is	true.	

p:	Jamie	studies	history	
q:	Jamie	is	a	sophomore	
	
p	�	q:	Jamie	studies	history	or	is	a	
sophomore	



Example	1)	Write	compound	statements	

p:	It	is	a	right	triangle	
q:	It	is	isosceles	
r:	It	is	equilateral	
(a)	p	or	~q	
	
	
(b)	q	�	r	
	



Example	2)	Write	compound	statements	

p:	One	foot	is	12	inches	
q:	One	yard	is	3	feet	
r:	One	yard	is	2	feet	
(a)	p	and	q	
	
	
(b)	~p	�	~r	
	



ü Remark	–	A	convenient	way	to	organize	
truth	values	is	by	using	a	truth	table.		

Example)	A	square	is	a	rectangle		and	a	

quadrilateral	

Conjunction 

p q p � q 



Example	3)	Construct	a	truth	table	for	the	

following	statement:	

“It	is	raining	or	it	is	cloudy”	

Disjunction 

p q p � q 



ü We	can	also	use	Venn	Diagrams		
Example)	“A	square	is	a	rectangle	and	a	

rhombus”	



Example	4)	A	group	of	250	teens	were	

surveyed	about	what	type	of	electronics	they	

used.	They	chose	from	a	cell	phone,	tablet,	and	

laptop.	The	results	are	shown	in	the	Venn	

Diagram:	

Cell Phone 

Ipad 
laptop 

10 60 

30 
25 40 

20 

65 



Example	4)	(a)	How	many	teens	used	an	Ipad	

and	a	laptop?	

(b)	How	many	used	all	three	types?	

(c)	How	many	used	only	a	cell	phone?	

(d)	How	many	

used	an	Ipad	or	

cell	phone?	

Cell Phone 

Ipad 
laptop 

10 60 

30 
25 40 

20 

65 



Exit	Question)	Write	the	compound	statement,	

and	tell	whether	it	is	true	or	false.	

p:	A	week	has	seven	days.	
q:	There	are	20	hours	in	a	day	
(a)	p	and	~q	
	
	
	



2.3 – Conditional 
Statements, Hypothesis 

and Conclusion

} Objective – We will explore “if-
then” statements, and be able to 
write conditional statements to 
make logical arguments



A Conditional Statement has a 
hypothesis and conclusion. It is 
called an �if-then� statement.

Example: �If it is raining, 
then there are clouds in the sky�



Example 1) Rewrite the conditional 
statement in if-then form.

a) Dogs have fur

b) Two angles are complementary if 
they add up to 90°



Example 2) Rewrite the conditional 
statement in if-then form.

a) All 90° angles are right angles.

b) There’s no school on Sunday

c) People living in Texas live in the 
United States.



ü Remark - We can also write related 
conditionals, called converse, inverse, and 
contrapositive:

ü 1) Converse: Switch the hypothesis and 
conclusion

ü 2) Inverse: Negate both the hypothesis and 
conclusion

ü 3) Contrapositive: Negate and switch the 
hypothesis and conclusion



Converse, Inverse, and Contrapositive 
statements

Cond. Statement: If m�A = 99˚, then �A is 
obtuse


Converse:


Inverse:


Contrapositive:




Example 3) Write the if-then form, the 
converse, the inverse, and 
contrapositive for the conditional 
statement �Guitar players are 
musicians�. Decide whether each 
statement is true or false.



Example 4) Write the converse, inverse, and 
contrapositive of the conditional statement. 
Then tell whether each statement is true or 
false.

�If it is a square, then it is a quadrilateral.�



Biconditional Statement - a statement 
containing the phrase �if and only if�.

Example 5) Write the definition as a 
biconditional statement:

�If two lines intersect to form a right angle, 
then they are perpendicular�



Exit Question)  Write the converse of 
the following statement. Tell whether 
the converse is true or false. Explain 
why.

�If x is even, then 2x is even.�



2.4 - Deductive Reasoning, 
Detachment and Syllogism

} Objective - Given conjectures, we 
will use deductive reasoning to 
form a logical argument.



Deductive Reasoning - uses facts, axiom, 
theorems, formulas, and laws of logic to form 
a logical argument.

(As opposed to inductive reasoning...how do 
they differ? Think about a formula you know)



Example)	Tell	whether	each	statement	uses	

“deductive”	or	“inductive”	reasoning.	

	

(a)	The	hypotenuse	of	a	right	triangle	with	side	
lengths	7	and	24	is	25	
	
(b)	There	is	an	inDinite	amount	of	prime	numbers	



Ø  Law	of	Detachment	-	If	the	hypothesis	of	a	
true	conditional	statement	is	true,	then	the	
conclusion	is	also	true.	

Ø  If	p	→	q	is	a	true	statement	and	p	is	true,	
then	it	follows	that	q	is	true.	

Ø  Example)	If	a	car	has	a	dead	battery,	it	will	
not	start.	Angelina’s	car	has	a	dead	battery.	

Ø  Conclusion:_____________________________	



Example	1)	Law	of	Detachment.	Determine	
whether	each	conclusion	is	valid	based	on	
the	given	information.	If	not,	write	invalid.	
(a)	If	two	angles	are	complementary,	then	
they	add	up	to	90°.	�AED	and	�AEB	form	a	
add	up	to	90°.	
conclusion:	�AED	and	�AEB	are	
complementary	

B 

E 

D 

A 



Example	1b)	Law	of	Detachment.	Determine	
whether	each	conclusion	is	valid	based	on	
the	given	information.	If	not,	write	invalid.	
(b)	If	it	is	Sunday,	the	Berkeley	Heights	
Public	Library	is	closed.	Today	is	Sunday.	
Conclusion:		



Law of Syllogism - 

If	hypothesis	p,	then	conclusion	q	
If	hypothesis	q,	then	conclusion	r	

If	hypothesis	p,	then	conclusion	r	



Example	2)	If	possible,	use	the	Law	of	Syllogism	to	

write	a	new	conditional		

	

a)		If	x	>	4,	then	x²	>	16	
							If	x²	>	16,	then	x²	>	10	
	
b)	If	you	do	not	get	enough	sleep,	then	you	will	be	
tired.	If	you	are	tired,	then	you	will	not	do	well	on	
the	test.	



} Example 3) If 90° < m�R < 180°, then �R is 
obtuse. The measure of �R is 155°. Using the 
law of Detachment, what statement can you 
make?



Example 4) If Michelle gets a job, 
then she can afford a car. If Michelle 
can afford a car, then she will drive 
to school. Using the Law of 
Syllogism, what statement can you 
make?



Example 5) (Challenging) What 
conclusion can you make about the 
product of an even integer and any 
other integer?



} The Law of Syllogism at work: The Rube 
Goldberg Machine



Exit Question: Make a valid conclusion 
in the situation:

�If the measure of an angle is 90˚, 
then it is a right angle�
�The measure of �A is 90˚�



2.5 – Postulates, 
Statements we can assume 

to be true

} Objective - Given postulates 
involving angles and line segments, 
we will explore postulates using 
points, lines, and planes.



DeTinition	–	A	Postulate	is	a	statement	
that	we	assume	to	be	true	without	proof.	
Basic	ideas	about	rulers,	points,	lines,	
planes,	and	angles	are	postulates.	



Postulate #1 - Through any two points 
there exists exactly one line.

Postulate #2 - Through any three 
noncollinear points there exists exactly one 
plane



Postulate #3 - A line contains at least two 
points

Postulate #4 - A plane contains at least 
three noncollinear points



u  Postulate #5 - If two points lie in a plane, 
then the line containing them lies in the 
plane.

u  Postulate #6 - If two lines intersect, then 
their intersection is exactly one point.



Postulate #7 - If two planes intersect, then 
their intersection is a line.



Example	1)	Tell	whether	the	statement	is	
always,	sometimes,	or	never	true.	
(a)	If	two	coplanar	lines	intersect,	then	the	
point	of	intersection	lies	in	the	same	plane	
as	the	two	points	
	
(b)	Four	points	are	noncollinear	



Example	1b)	Tell	whether	the	statement	is	
always,	sometimes,	or	never	true.	Enter	
your	responses	in	the	following	Google	Form.	
(a)	If	plane	T	contains	EF	and	EF	contains	
point	G,	then	plane	T	contains	point	G	
	
(b)	Four	points	are		
noncollinear	



Example 2) Sketch a diagram showing TV 
intersecting PQ at point W, so that TW � 
WV



Interpreting a diagram: What can 
you assume from the diagram?

1) All points are coplanar?                              
2) AD ⟂ BF?

3) A, H, J, and D are collinear?

4) BF and CE do not intersect?

G

F

A B

E

J

C

D

P

H



Remark	–	One	method	of	proving	

statements	or	conjectures	is	a	paragraph	

proof.		



Example	3)	Write	a	proof.	

Given:	M	is	the	midpoint	of	XY	
Prove:	XM	=	MY	

X M Y 



Exit Question: Determine whether each 
statement is always, sometimes, or never true.
(a) The intersection of three planes is a line.

(b) The intersection of two lines is a point.



2.6 – Proving Algebraic 
Statements

} Objective: Given logical reasoning, 
we will apply properties from 
algebra to solve problems





Addition Property -  
If a = b, then a + c = b + c 
 
 
 
Subtraction Property -  
If a = b, then a - c = b - c 



Multiplication Property -  
If a = b, then ac = bc 
 
 
 
Division Property -  
If a = b, and c ≠ 0, then  



Substitution Property -  
If a = b, then �a� can be substituted  for 
�b� in any equation or expression. 
 
 
Distributive Property -  
a(b + c) = ab + ac, where a, b, and c are 
real numbers 



Example	1)	Solve	4(x	+	8)	–	½	x	=	53.	

Write	a	reason	for	each	step.	



Example 1b) Solve the equation below. 
Write a reason for each step. 



Example	2)	The	formula	to	convert	a	
Fahrenheit	temperature	to	Celsius	is	given	
by		
C	=	(9/5)F	+	32	
Solve	the	formula	for	F.	Write	a	reason	for	
each	step.	



Remark	–	Geometric	Properties	
ReTlexive	–	AB	=	AB	

	

Symmetric	–	If	AB	=	CD,	then	CD	=	AB	

	

Transitive	–	If	AB	=	CD	and	CD	=	EF,	then	

AB	=	EF	



Example	3)	Given:	�RQS	=	�UQT		

Prove:	m�RQS	=	m�UQT	=	25°	

(1/2	x	+	10)°	
(2
x	-
	35
)°	

Q	

R	

S	

T	

U	



} Example 4) In the diagram, ZX = WY. Show 
that ZW = XY. (Use a two column proof!!)

Z WX Y
Statements Reasons



Exit Question: Solve the equation for y.

12 - 3y = 30x



2.7 –  Segment 
Relationships, Midpoints

} Objective: We will use logic and 
deductive reasoning in order to 
write proofs about geometric 
theorems.



Postulate	#8	–	Ruler	Postulate	–	Given	

two	points	A	and	B	on	a	line,	if	A	

corresponds	to	zero,	B	corresponds	to	a	

positive	real	number.		

	

	

Postulate	#9	–	Segment	Addition	

Postulate	–	If	A,	B,	and	C	are	collinear,	

then	point	B	is	in	between	A	and	C	if	and	

only	if	AB	+	BC	=	AC.	



Example 1) Four steps of a proof are shown. Give 
reasons for the last two steps.

Given: AC = AB + AB
Prove: AB = BC A B C

Statements Reasons

1) AC = AB + AB Given

2) AB + BC = AC Segment Addition Post.

3) AB + AB = AB + BC ?

4) AB = BC ?



Example 2) Write a two column proof: 
Given: AB = CD 

Prove: AC = BD 
A B C 

Statements Reasons 

1) 

2) 

3) 

4) 

5) 

D 



Example 2) Write a two column proof:

Given: B is the midpoint of AC
            C is the midpoint of BD
Prove: AB = CD

Statements Reasons

1)

2)

3)

4)

5)

A B C D



Theorem	#2	–	Properties	of	segment	
congruence:	
 ReDlexive	Property	–	AB	�	AB	
 Symmetric	Property	–	If	AB	�	CD,	then	CD	�	
AB	

 Transitive	Property	–	If	AB	�	CD	and	CD	�	EF,	
then	AB	�	EF.	



Example 3) Name the property illustrated 
by the statement. 
a) If �R � �T and �T � �P, then �R � 
�P 
 
 
 
b) If NK � BD, then BD � NK 



Exit Question: Solve for x. 

6x˚ 
(3x-9)˚ 

C 
B 

A 



2.8 - Angle Pair 
Relationships, Complements, 
Supplements, Angle Addition

} Objective: Given relationships 
between pairs of angles, we will be 
able to describe special pairs of 
angles, specifically linear pairs and 
vertical angles.



Postulate	#10	–	If	ray	XY	is	placed	on	a	

protractor	at	0°,	then	the	measure	of	

�ABC	corresponds	to	a	positive	real	
number	

	

	

	

	

	

	

Ex)	Draw	a	135°	angle	above	



Postulate	#11	–	A	point	(H)	is	in	the	interior	of	

an	angle	iff		m�EFH	+	m�HFG	=	m�EFG.	

	

	

	

	

	

	

	

Ex)	Let	x	=	80	and	y	=	30.	What	is	m�ABC?	

F G 

H 
E 

x° 
y° 



Example	1)	Find	m�1	if	m�2	=	27°	and	
�ABC	=	118°.	

B C 

D 

A 

1 

2 



Theorem #3 – Supplements – If angles are 
a linear pair, then the angles are 
supplementary

Theorem #4 – Complements – If angles 
form a right angle, then they are 
complementary



Example	2)	At	8	o’clock,	the	angle	between	the	

hour	and	minute	hands	of	a	clock	is	120°.	When	

the	second	hand	bisects	the	angle	between	the	

hour	and	minute	hands,	what	are	the	measures	of	

the	two	angles	formed?	

	

	

	

	

Ex	2b)	What	is	the	measure	

	of	the	opposite	angle	

	formed	at	8	o’clock?	



Thm #5 – Properties of Angle 
Congruence
ReDlexive	-	�1	=	�1	
	
Symmetric	–	If	�1	=	�2,	then	�2	=	�1	
	
Transitive	–	If	�1	=	�2	and	�2	=	�3,	
then	�1	=	�3	



Thm #6 – Congruent Supplements
If	m�1	+	m�2	=	180	
and	m�2	+	m�3	=	180,	then	
m�1	=	m�3.	
Thm #7 – Congruent Complements
If	_______	+	_________	=	________	
and	______	+	_________	=	________,	then	
_____	+	_________	=	________	
	
	



Thm #8 – Vertical Angles 
Vertical	angles	are	congruent.	
	
	
Thm #8.2– Linear Pair
If	two	angles	are	a	linear	pair,	then	they	add	up	
to	180°	
	
	

1 2

1 2

34



Example	3)	Write	a	two-column	proof.	

Given:	OK	bisects	�LOP	

Prove:	�2	�	�3	

Statements Reasons 

1) 

2) 

3) 

4) 

5) 

6) 

N 

L 
O 

M 

P 
K 

3 

1 2 



Example	4)	Find	the	values	of	x	and	y.	
	

(6x	-	4)˚	
10y˚	

(8x	-	22)˚	



Remark	–	Perpendicular	Line	Theorems	
Thm	#9	–	Perpendicular	lines	form	four	right	
angles	
Thm	#10	–	All	right	angles	are	congruent	
Thm	#11	–	Perpendicular	lines	form	congruent	
angles	
Thm	#12	–	If	two	congruent	angles	form	a	
linear	pair,	then	the	lines	are	perpendicular	



Perpendicular Lines - If two lines intersect to 
form a right angle, then they are perpendicular 
lines.

Remark: This can be written�line l is 
perpendicular to line m�or as



Example 4b) Decide whether each statement about 
the diagram is true. Explain.

a) AC ⟂ BD

b) �AED and �CED

are a linear pair

c) EA and EB

are opposite rays

d) m�AED = 90°

A

B

E C

D



Exit Question) Solve for x.

(3x + 1)°
32°


