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22 Angles Formed by Parallel Lines

Prove properties of angles formed by parallel lines and a
transversal, and use these properties to solve problems.

n

EXPLORE...

* Parallel bars are used in therapy to help people recover from
injuries to their legs or spine. How could the manufacturer ensure
that the bars are actually parallel?

SAMPLE ANSWER

Here are three possible solutions:

*Solution 1: Install one of the parallel bars. Place the second bar in the
approximate position, and then place another straight object, such as a metre
stick, across both bars. Measure the corresponding angles formed by this
transversal, and adjust the second bar until the corresponding angles are
equal. Check for accuracy by moving the metre stick to a different position,
intersecting at a different angle. Measure the corresponding angles again,
ensuring that they are equal.

* Solution 2: The manufacturer could provide a paper template with the
parallel bars. The template would indicate the placement of the bars and the
locations for the supporting feet of the bars. The manufacturer could ensure
that the template is correct by drawing a set of bars on the template master,
drawing a transversal, and then measuring corresponding angles to check
that they are equal. The installer could lay the template on the floor and
install each bar in the correct position as indicated by the template.

*Solution 3: Install the first bar, making sure it is the same distance from the
floor in several locations using a tape measure. Install the second bar
ensuring the distance from the floor to the bar is the same as the first bar in
several locations. Measure the distance between the two bars in several
locations and adjust so that this distance is the same in each location.
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APPLY the Math

EXAMPLE 1 Reasoning about conjectures involving
angles formed by transversals

Make a conjecture that involves the interior angles formed by parallel lines
and a transversal. Prove your conjecture.

Tuyet’s Solution

My conjecture: When a transversal intersects a pair of parallel lines, the

alternate interior angles are equal. —
alternate interior angles

'\I Two non-adjacent interior angles
4 > 2 ( ] on opposite sides of a transversal.
N4 | drew two parallel lines and a
SN2 . e transversal as shown, and | numbered
« \> * the angles. | need to show that
.\_LB = /2.
Statement | Justification
- : &
Z1 = £2 | Corresponding Since | know that the lines are
angles 0 parallel, the corresponding angles
| are equal.
£1 = /3 |Vertcally P
opposite ... When two lines intersect, the opposite
angles \__angles are egual.
_ Transiti .~
£3=1/L2 ransitive £2 and £3 are both equal to 21,
property -=-=1s0 £2 and 23 are equal to each
My conjecture is proved. \'cnther.
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EXAMPLE 1 Reasoning about conjectures involving
angles formed by transversals

Make a conjecture that involves the interior angles formed by parallel lines

'E,Ll'ld a transversal. Prove your COﬂjECtLlI'E.

Ali's Solution

My conjecture: When a transversal intersects a pair of parallel lines, the

interior angles on the same side of the transversal are supplementary.

= > e i
3\ ] | need to show that 23 and 25 are
. g & fupplementary.
\" -
Since the lines are parallel, the
/1=/2 thorrespondlng angles are equal.
-
/2 4+ /5= 180° -....| These angles form a straight line,
so they are supplementary.
.
_
o oo ) oince £2 = £1, | could substitute
Eiibesas 160 £ 1 for 22 in the equation,
. e . ]
L1 =23 - Vertically opposite angles are
equal. Since £1 = 23, | could
/3 4+ /5= 180° sul::-stljcute £3 for £1in the
kequatlon.

M}' conjecture is prnvcd.
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EXAMPLE 1 Reasoning about conjectures involving
angles formed by transversals

Make a conjecture that involves the interior angles formed by parallel lines

and a transversal. Prove your conjecture. .
alternate exterior angles

Two exterior angles formed

Your Turn between two lines and a
. . « . transversal, on opposite sides
Naveen made the following conjecture: “ ‘Alternate exterior angles arc of the transversal.

equal.” Prove Naveen’s conjecture.

Answer E] ,7 f

| drew two parallel lines and a transversal, and |
numbered the angles as shown. | need to show that
T 2
& > Z1 and 78 are equal.
NG
556
< >
7 N8
21 =25 Since the lines are parallel, the corresponding angles
are equal.
£5 = 78 Vertically opposite angles are equal.
1= ./8 Transitive property
Maveen's conjecture is proved.
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EXAMPLE 2 Using reasoning to determine unknown angles

Determine the measures of a, b, ¢, and 4. f /‘
A b P P
4 s / d =

/ no i

Kebeh's Solution

La = 110° -o-------------1he 110° angle and £a are corresponding. Since the
lines are parallel, the 110° angle and ~a are equal.
La= Lk """"""""""""'"'"""E.fertically opposite angles are equal.
Zb=110°
Le+ La= 180° f‘f HUC/ > " Zc and Za are interior angles on the same
/e 110° = 180° a=T0C e ?“;{ side of a transversal. Since the lines are
_ 7] parallel, £c and ~a are supplementary.
Le=70° ,, & i . [P PP Y
/110 / | updated the diagram.
Le=Ld
Ld=T0°  rrrmmmmmmmmmmmmmmmmmsmmoemeeee Zc and £d are alternate interior angles. Since the
The measures of the angles are: lines are parallel, ~c and ~d are equal.

La=110% L6 = 110%
Loe=T70% £d=70°
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EXAMPLE 3 Using angle properties to prove that lines are parallel

One side of a cellphone tower will be built as shown. Use the angle
measures to prove that braces CG, BE, and AE are parallel.

Morteza’'s Solution: Using corresponding angles

£ BAE = 78° and £ DCG = 78° —-eeemmee . {Given
Jeer SEmraaeramramy o aman When corresponding angles are equal, the lines
' are parallel.
LCGH = 78° and LBFG = 78° e {Given
oy .1 S ERIEUIE RIS EISS————— When corresponding angles are equal, the lines
are parallel.
o
1 Y. I D it M R L s e f-
AE | CGand CG | BF Since AE and BF are both parallel to CG, all three
Jines are parallel to each other,

The three braces are parallel.
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EXAMPLE 3 Using angle properties to prove that lines are parallel

One side of a cellphone tower will be built as shown. Use the angle
measures to prove that braces CG, BF, and AE are parallel.

Jennifer’'s Solution: Using alternate interior angles

Statement Justification
£ CGB = 35° and £ GBF = 35° | Given
CG || BF Alternate interior angles

£FBE = 22°and £ BEA = 22°
BF || AE

CG | BFand BF || AE

The three braces are parallel.

Given

Alternate interior angles

Transitive property

-
When alternate interior angles are
&_equal, the lines are parallel.

o~

-| When alternate interior angles are

k_equal, the lines are parallel.

i

Since CG and AE are both parallel to BF,

Jhey must also be parallel to each other.
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X=105°
4 = \0S°
=K
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Key Idea

* When a transversal intersects two parallel lines,
i) the corresponding angles are equal. ~
i) the alternate intericr angles are equal. 2
iii) the alternate exterior angles are equal. 2_
)

iv) the interior angles on the same side of the transversal are supplementary. C
or exXevov

ija=eb="f

c=gd=h

ijc=fd=e

ija=hb=g

iv)c + e = 180" N
d+f =180° 2

Need to Know

* |If a transversal intersects two lines such that
i) the corresponding angles are equal, or
i) the alternate interior angles are equal, or
iii) the alternate exterior angles are equal, or
iv) the interior angles on the same side of the transversal are
supplementary,
then the lines are parallel.

Assignment: pgs. 78 - 82
1,2,3,4,10,12, 15, 20

10
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%@hfxf_gﬁ_{;f?’ 2.3 xﬂna'.e.s Formed by Rarallel Lines
I. Determine the measures of <WYD, < YDA,
<DEB, and < EFS. Give your reasoning for
€ach measure.

K L M N

? ns,/ \ C a5

L y oo - .
b £ F z

P Q R 5

<WYD= 180"-90° <YpA=1S"®

=qQ°
% Tnterior anqles on % orrespondiha
+he Same side of ans‘.cso.re
+he transversal are equal-

&Supp\cme_n‘i'otj :
< DEB= 80" <EFS=48"

* Alternate interior *  Alternate exterior
angles are cqual. angles are equal.

March 01, 2019

11



Day 3 - Alternate Angles (after).notebook March 01, 2019

2. .For each diagrqm, decide ¥ the aiven
angle measures prove that +he blde lines

aré parallel. Gﬁs-\-i'{:a your decisions.

"‘lfes these lines are paralle |
as +hc Correspondmﬁ cmslcs
are equal.

© /. l\fo these lines are not parallel

./ as Hhe interior angles on the
Same side of +he Fransversal
are not Supplcmeni-or\(j.
(1n9°+s1°= 170°%

c) "q_ es, these lines are parallel since
he alternatc exterior cmSlc:s
are equal.
d) & Hes, these lines are parallel since
the atternate exterior cmalcs

il arce quucxl.

12
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9. A Shelving unit 's built
With two pdirs of parallel
planks. Explain why each
of the J?onowmg Stratements sssiile

1S frue.
Q) <K=<p b)<a=<j
Alternate interior  Corresponding angles
anglcs are equal. are equal. -
c}{'uc_q‘) d) <a=<d
Abernote exterior Uerrically opposite
angl€s are equal angles are equal.
e)<b=<m f)<ee= <p
<b=<K=<m} ¢e=<n=<p}
(brrespondi ngangles  (Grresponding angles
are EC{_&_LC;'L are E’:.L{\.._,L(..LL. - .
o) <n=<d h) <f+<K=180°
O <N=<p : Interior ANgles on
@Y‘f‘e:3 onds r}c-j u"-\]r}cﬁkes the same Side of

b <¢: < Hhe +ransversal are
Alterncte E}H‘ﬂrfcr‘q-’m(jles 'SLAPP;CJ‘\'\QJ'FE‘QI‘_\J .
are equal. -

March 01, 2019
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4. Determine the measures of the indicated

Gnakes -
a) x < =12,0°Q‘u'-ar+l'cal'ly opposite anlsjic:s)
W/ <Y'= 180°-190°
i = 60° (supplementary anﬁllﬂs)
<y =60° (corres pC ndii.“ﬁ 'C'L'C‘.(Ij €es)

<b= 5S°(CCrrc5Dc=ﬁdmg [opposite)
<C=180°=112" )

= 68° (sup p\&:ﬁ‘ae.ﬁ%mrﬂ Cm_(jl,ESJ
<q=113" Qt‘.cwrespcnd-:ng angles)
<e= 12 f_q;er-’r-.'cu\,\y c:ppc:&i¥ &m:j\esj

b) ' ¥ <«d=55°(vertical ly opposite Cm@le.sﬁ
/ <£=558"° (Ccrrespcﬁdmcj angles
A If
b

nz

~

Q) A, s <d= M¥ (corresponding angles)
7 s <@ = |R0-~MR® \

. = 132" Cinterior angles)

=132° (correspc nding GﬁS\ESJ

<
«:.-Sg: 132° (vertically opposite onﬁkes)

<a= 4g°( f:(:urreSpm‘-‘rdm_S angles)
< b= H%'O(_C_C'Jrre-'épc;i‘\diﬁ(j uﬁglc-s)
<c =48 *

14
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10, Jason wWrote +he Sollowin
Td en‘\*f{:ﬁ his ecxcors , and’correct his proof.

Given: QrF L QR
QR L RS
QR | P

Prove: QPSR is a parallelogram.

Jason's Proof

Starement

March 01, 2019

proot.

Justification

Z/PQR = 90° and £ QRS = 90°

QP [| RS

QR || Ps
QPSR is a parallelogram

Lines that are

perpendicular meert at
right angles.
e P
Since the interior angles

on the same side of a ——
transversal are equal, QP /

and RS are parallel.

FRROR

v

F
i

(Criven
QPSR has two pairs of
parallel sides.

15



Day 3 - Alternate Angles (after).notebook March 01, 2019

{Gonneor Proor [

———

A e et Wty

—Stodement 4 . _alushificodian
| <PQR = 90°and<@RS=90° | Lines+hatare

; perpendiculor meet

S I > 3 mSh-\- anales .

Since interior angles

on the Same swdée

of a transversal

are Supplementary

QP anc PSSore@cum\lel

Gwcu

G?PSR has 1o pairs
ng_raue\ sSydes.

B . T

B i e

PSR is opcircn\\e\oﬂé;an?w

16
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l 2; ; Given: AFOX is isosceles.

LFOX = L FRS
LFX0 = £FPQ
Prove: PQ || SRand SR || XO

{PROOF]
Statement

SRl Xo

PQll Xo

SRIPQ

March 01, 2019

JE
o
Justification

<FoX and< FRS are eqyal
Corresponding angles.

< F PQ and < FXO are equal
COTTQSPODdiﬁS angles.

“Transitive Proper"\'j

17
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5. Determine +he measures of all +he unknown
angles in +his diagram, given PQ || RS.

Qa

<TRS = 54 (alternate interior)
<RTS =180-54-M8°

= 78°(amgle sum of A)
<QTP="78° (Uer-h‘cu\\a Opposi te)
< PQT=180"~-8M~-"18

= NR° Caﬁq\c Sum of A)
<QTR=18C>- 18"

= [0 <‘SUPP\€’W‘,€1’\+QTH)
<TQR= E%O':;-\OL“-QFI ©

= 49
<PTS= 102°( er’n’cc\\\-j oppos Ha:}

18
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Qf.)) Solve For x.

\C.BXHO} ta c3’x—-§>'x=-l‘4—10 exyerior
._m.m__ﬁ““ i —3%X= —2N ang\es
(6x — 14]5“-\_1 -3 -3 Q "{‘&)ﬁ
X=13 equal.
b) (ox +32) / -
—% Gx+32) +(1x+8)=180°
7N IxX+11x+32+ B =180°
/ (Tx + 8)° Q00X + MO = 180"
X -Lni-c:rnc,r angles QO0X = 180 -N0°
on +he same-side %‘){"‘ 1M0°
of the transversal Q?o
are 'Supp\e.men'i‘cary- 'X 1

Ax+10 =6%-14 ¥ Alternate

19
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