Chapter 5: Im Up and Down, and Rovnd and Rovnd
AT S - FWR-Ar FR Mer-aner (a<)

5.1 What is a circle? Words we will use

Take a point A on & page. Now mark every point that ic exactly 5 em away
From A. All those pointe together make a circle - The Fixed point A ic the
centre , and the fixed distance 5 em i¢ the radivs . This ic also called a locus :

the path of all pointe that follow one rule.

<
—~\

centre A, chord BC, diameter DE, radive v

Word Meaning

Chord @ line cegment joining two points on the circle (BC)

Diameter the longest chord, it pasces through the centre (DE)

Radivs centre to any point on the civcle, half of the diameter

Arc a piece of the circle between two pointe

Semicirele half circle, cut by a diameter

Teacher'c Note: Diameter = 2 x radivs. All radii of one circle are equal.

Remember thic one line, we uce it in every proof of this chapter.

5.2 Symmetries of a circle
Cut & paper circle and fold it in half co that the two halvee ¢it exactly on top

of each other. The fold [ine ic & line of reflection Symmetry - Fold again in a
different direction, and the cecond crease cute the first at one point. That
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point ic the centre. So every diameter ic a line of cymmetry, and there are
infinitely many of them. A circle also looks the came after turning by any
angle about its centre. This ic rotational Symmetry .

Think and Reflect (colved)

Q.1 Rotatione and lines of eymmetry of a cquare, pentagon, hexagon?
Ans. Square: ¢ rotations (90° 1805 220° 360°) and ¢ linec.
Reqular pentagon: 5 rotations and 5 lines.

Reqular hexagon: 6 rotations and 6 [ines.
Pattern: a requlor n-cided chape hac v rotations and n finec. A circle ic

/l‘ke n =00,

Q.2 Longect chord when r = 57 Smallest chord?
Ans. The longect chord i¢ the diameter = 2 x 5 = 10 units .
There ic no emallest chord. Keep the two end pointe closer and closer,

the chord keeps getting emaller but never becomee zero.

Q-3 Locus of pointc equidictant From two given poin fo?
Ans. Tt ic the perpendicular bisector of the cegment joining them. It ic a

ctraight line, not a circle.

5.3 How many cireles?

One point A: infinitely many circles pass through it. Two pointe A and B: the
centre must be equally far from A and B, <o the centre liec on the
perpendiculor bisector of AB . Every point of that line can be a centre. So

again infim‘fe/y many circles.
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cle¢ through A and B: céntres K ] [ on the bisec

Move the centre along the bicector away from AB: the radive gete bigger
and the circle looks less curved (Flatter near AB). The emallest circle has ite
centre at the midpoint of AB, co its radive ic AB + 2. There is no largest

eircle.

Three pointe: if A, B, C are not on one line, the centre must be on the
bicector of AB and also on the bisector of BC. Two lines meet in only one
point . So exactly one circle passec through them.

[hesrem 1: Through 3 non-collinear points, exac?‘/y one circle
passe.
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Circumcirele: O ic where bicectore meet

Thic circle ic the circumeircle of triangle ABC, its centre ic the circumeentre

and ite radive ic the circumradius . To find it: draw bisectors of two cides and

cee where they meet.

Teacher'c Note: Where ic the circumecentre? Acute triangle: inside. Right
triangle: on the middle of the longect cide (hypotenvse). Obtuse triangle:

outside.

Think and Reflect (colved)
Q-1 How many circles pass through two pointe?

Ans. Infinitely many.

Q.2 Circlec of all radii? Smallect? (argect?
Ans. Every radive 2 AB/2 i¢ possible. Swallect radive = AB/2 . There i¢ no

largect .

Q.3 Moving away along the bisector, radivs increaces or decreaces?

Ans. Tt increaces .

Q.4 More curved or less curved?
Ans. (ecs curved , the circle gets flatter near A and B.
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Q.5 How many cquarec have A and B on their boundary?
Ans. 3 cquarec: with AB a¢ & cide on one cide, with AB as a cide on the other
cide, and with AB ac the diagonal.

Exercice Set 5.1 (colved)
Q-1 Triangle with AB = 5 em, LA-= 20° LB = 60° Circumeircle. Centre
incide or outside?

Ans. LC = 1580°- 20°- 60°= 50°. All anglec are lese than 90° co it ic an
acute triangle.
Stepe: draw AB = 5 em. Make 20°at A and 60°at B, rayc meet at (.
Draw bicectore of AB and BC. Their meeting point ic 0. With compacs,
put point at () and pencil at A, draw the circle.

Radivse measuvrec about 3.26 em . The centre i¢ ingide the triangle.

Q2AB8=5em LA=100°AC = 4em.

Ans. £ A= 100°¢ bigger than 20° ¢p it ie an obtuse triangle.
Drow AB = 5, make 100°at A, cut AC = 4. Join BC (about 6.92 cm).
Bicect AB and AC. They meet at ().
Radivs ic about 3.52 em . The centre ic outside the triangle (on the
other cide of BC from A).

Q.3A8=26 BC =2 CA =2 Meacvre OA 0B, OC.

Ans. Check: 6% = 36 ic lecc than 2%+ 2% = 98, co no obtuce angle. The
triangle ic acute , the centre i¢ ingide.
0A = 0B = 0C ~ 3.87 em (2l three are radii, co they must be equa/].

Q.4 Leact possible radive of a circle through A and B?
Ans. AB/2 , the circle with AB ac its diameter.
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Think, Draw and Infer (colved)
Q.1 Collinear pointc A, B, C. I¢ there P with PA = PB = PC?

Ans. No. The bisector of AB and the bisector of BC are both perpendicular to
the came line, co they are paraflel and never meet. No point P exicte, co

no circle passes through three collinear points.
Hence a ctraight line can cut a circle in at most 2 pointe . You cannot

draw a line cutting it at 3 pointc.

Q.2 Other triangles congruent to ABC with the came circumcirele?
Ans. Yec, infinitely many. Keep the circle, and place the came triangle in a
rotated position. Its three corners ctifl [ie on the came circle.

5.9 Chorde and the angles they cubtend
A chord AB joined to the centre C makes the angle L ACB. We cay the chord

cubtends this angle at the centre.

€

Equal chorde AB = DE, equal angles at

' Theorem 2: Equal chords subtend equal angles at the centre.

M/hy? In triangles ACB and DCE:-AC = DC (radii), BC = EC [”M/"/‘)/ AB =
DE (given). By SS§ the triangles are congruent, co L ACB = L DCE.
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Theorem 3 (converse): IF two chords subtend equal anglec at the
centre, they are equal.

Why? A/OW Ac = DC/ 80—' Ec &U’ld LACB = LDCé 8_}/ QAS the tr,'ahg/eg
are congruent, co AB = DE.

Exercice Set 5.2 (colved)
Q-1 Show that the triangle formed by a chord and the centre ic icosceles.
Ans. Chord AB, centre (. CA and (B are both radii, co CA = CB . Two equal

cides means an icosceles triangle.

Q.2 If two cuch triangles have equal bases, they are congruent.
,4445', 7},‘0_"3/3 1 has ¢idec v, AB. ﬂ,‘any/e 2 has ¢ides v, r, DE Given /46 =
DE. All three cides match, ¢o éy §Ss t/tey are congruent.

5.5 Midpoints and perpendicular bisectors of chords

(M L AB, co AM = MB

Theorem 4: The line from the centre to the midpoint of a chord is
perpendicular to the chord.

Why?/w ic the midpoint, co AM = BM. CA = (8B [l’adfi}, and CM ic common.
By S, triangle CMA S CMB. So LLMA = L CMB. They make a straight
line, ¢o each i¢c 180°= 2 = 90°.
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[heorem 5: The perpendicular from the centre to a chord bicecte
the chord.

Corollary: The perpendicular bisector of a chord pasces through
the centre.

Exercice Set 5.3 (colved)
Q.1 Why does the perpendicular from the centre bisect the chord?

Ans. Given L.CMA = L CMB = 70° Triangles CMA and CMB are right
triangles with hypotenvce CA = CB (radii) and the cide CM common. By
RHS , they are congruent. So AM = BM .

Q.2 Icosceles triangle ABC inscribed in a circle, AB = AC. Show the altitvde
From A passces through the centre.

Ans. The centre O ic equally far from B and C, ¢o O lies on the perpendiculor
bisector of BC. A i¢ alco equally far From B and C (AB = AC), co A ic
aleo on that bicector.

The line through A and O ic the perpendicular bicector of BC. That ic
the altitvde from A. So the altitvde passes through O -

Q-3 Parallel chords &6 cm and & cm on opposite sides of the centre, ¥ = 5 com.
Dictance between m/a/,bm‘htc?
Ans. Perpendicular from the centre bisects the chord. For the 6 cm chord:
half = 3, co dictance d; =\/(52— 3?) = V16 = 4.
For the 8 cm chord: half = 4, ¢o d, = V(25 - 16) = 3.
Opposite cides, o the midpoints are 4 + 3 = 7 em apart.

5.6 Dictance of a chord from the centre
The dictance of & chord from the centre means the perpendicular distance,
the chortect path from the centre to the chord.
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Equal chords, equal dictances from (

[heorem 6: Equal chords are at equal dictance from the centre.

Theorem 7 (converse): Chorde at equal distance from the centre
are equal.

Theorem 8: A longer chord ic nearer to the centre. (The
diameter, the [ongest, i¢ at dictance 0. }

Key formula. In the right triangle OMB (cee figure): ¥? = d* + (half chord)?

Half chord? = #* - d*
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| chord length = 2~ (v* - d?)

Exercice Set 5.9 (colved)
Q.1 Uce Baudhayana-Pythagoras to chow Theorem 6.
Ans. Two equal chords, co equal halvec h. In each right triangle d* = r* = h2

Same ¥ and came b, co came d. Dictances are equal.

Q2 CE L AB, CH L GH, CE = CH- Show AB = GF.

Ans. Dictances from the centre are equal (CE = CH). By Theorem ?, the
chords are equal. Hence AB = GF . (Or uce RHS on the right triangles
Formed with the radii.)

@-3 Same, using Pythagoras.
Ans. (Half AB)? = ¥* - CE? and (half GF)? = ¥? - CH? Since CE = CH. the
right cidec are equal. So half AB = half GF, and AB = GF .

Exercice Set 5.5 (colved)

Q.1+ = 7 em, dictance = 6 em. Chord?

Ans. Half chord =\ (7% - 6%) =\ (49 - 36) =/ 13.
Chord = 2V 13 = 2.27 em .

Q.2 Why ic chord = 2% - d¥)?

Ans. The perpendicular bicects the chord. Tn the right triangle with cides d,
half chord, and hypotenvse v: half chord 2= 42_ 4?2 Double it. So chord
=2/ (- d? .

Q-3 Inacircle r = 5, chord AB is 4 away, chord (D ic 2 away. Ic CD = 2 x
AB?
Ans. AB = 2/ (25 - 16) = 2x 3= 6.
CD=2/(25-¢9) = 2/27=~ 9.17.
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2xAB =12, not 712 So No .

5.7 Angle subtended by an arc

An arc AB alco "cees” an angle: at the centre (central angle ) and at any
point D on the rest of the circle (inscribed angle ).

Central angle 208, angle on circle ©

Theorem 9: The angle at the centre is twice the angle af the
cirele. L.ACB = 2 x L ADB.

Idea of the proof: draw DC and extend it to E. Triangle ACD ic icosceles (CA
= CD). Its outside angle ACE ic twice the angle ADC. Same for BCE and
BDC. Add both: the central angle ACB = 2 x (ADC + CDB) = 2 x ADB.

Recult 1: all anglee on the came ¢ide, made by one arc, are equal . They are all
half of the came central angle.

Notes by Abhichek Siv 71



Chapter 5: Im Up and Down, and Rovnd and Rovnd
AT S - FWR-Ar FR Mer-aner (a<)

Same arc AB, came angle from D, €, F

Recult 2: if the arc ic a cemicircle , the central angle ic 180° co the angle in
a cemicirele i€ 1607=+2 = 20°.

Angle in a semicircle is 20°

Teacher'e Note: Whenever you cee a diameter and a third point on the
circle, think "70°

Exercice Set 5.6 [s’o/ued}

Q1 LAOB =60° v = 12. Chord AB?

Ans. 0A = 0B = 12 and L AOB = 60°. The other two angles are equal, 60°
each. So the triangle ic equilateral .
AB = 12 em .
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Q.2 (i) Are there X, Y on the came cide of AB with L. AXB # L AYB?
Ans. No. Both are half of the came central angle.

Gi) IF L AXB = LAYB, are X and Y on the came cide?
Ans. Not alwaye. Tf AB ic a diameter, both anglec are 90° even when X and
Y are on oppocite cides. Otherwice (AB not a diameter) yes, they must

be on the came ¢ide.

Gii) IF L AXB = L AYB and X, Y not on the given circle, does the circle
through A, B, X pass through ¥?

Ans. Yec, if X and Y are on the came cide of AB. Equal angles on the came
cide mean the pointe are concyclic (Theorem 10 below).

Q.3 Find x in Fig. 5.26.

Ans. The figure has a cyclic quadrilateral with an angle of 100° opposite to x.

Opposite angles add to 180% x + 100°= 180° ¢o x = §0°.

)

Find x (Fig. 5.26)

5.8 Cyclic quadrilaterals and concyclic points

A quadrilateral whose four corners lie on one circle ic a cyclic quadrilateral .

Four points on one circle are called concyclic .

Notes by Abhichek Siv
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LA+ LC=180°

~

Cyclic quadrilateral ABCD

Theorem 10: If a line cegment seec equal angles from twe points
on the came cide, the four points are concyclic.

[heorem 11: Opposite angles of a eyclic quadrilateral add up to
180°

Why? Diagonal BD dividec the circle in two arcs. LA ic half of the central
angle of one arc, L C ic half of the central angle of the other arc. The two
central anglec add to 360° So LA+ £L.C =360°:2=180°.

Theorem 12 (converse): IF opposite angles of a quadrilateral add
to 180° it is cyclic.

Checé:_ ang/eS‘_ 50 ?_ 110 ?_ 700 (,’_ 4 Oiiu_okder
Step 1: Opposite pairs: §0°+ 700°= 150° and 110°+ 70°= 150°
Step 2: Both pairs are 1807 co yes, it ic eyclic .

Teacher's Note: Exterior angle of a cyclic quadrilateral = the opposite

inner angle. (Becavse inner angle + opposite = 1 50° and inner angle +

exterior = 180°)

Notes by Abhichek Siv
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End-of-Chapter Exercises (colved)
Q.1 Chord 5 cm from centre, ¥ = 13. Chord length?
Ans. Half chord =N (169 - 25) =N 194 = 12. Chord = 24 cm .

Q.2 An arc cubtends 20°at the centre. Angle at a point on the circle?
Ans. Half of 70° = 35°.

Q-3 Diameter 26 ¢m, co ¥ = 13. Chord 24 em. Dictance from centre?
Ans. Half chord = 12. d =\ (169 - 144) =V 25 = 5¢em.

Q.4 r = 15, distance = 9. Chord?
Ans. Half chord =~/ (225 = 81) =N 144 = 12. Chord = 24 cm .

Q.5 Prove the perpendicular bisector of a chord pascec through the centre.

Ans. The centre () ic at equal dictance from both end pointe A and B (both
are radi). Every point equidistant from A and B lies on the
perpendicular bisector of AB. So O lies on it -

Q.6 AB diameter, C on the circle. L ACB?
Ans. The arc AB ic a semicircle: central angle 180° The angle at ( ic half:
20°.

Q.7 Cyelic ABCD. LA = 75° LC?LB=110°LD?
Ans. Opposite angles add to 150° £L.C = 180°- 25°= 105°. L. D = 150° -
110°= 20°.

Q8 LP=(2x+10)° LP=3x- 20)°

Ans. P and R are opposite: 2x + 10 + 3x = 20 = 180, ¢o 5x = 10 = 180, 5x =

790, x = 38
LP=726+10=86° LP=114-20=94° Check: 86 + 74 = 180
e

Notes by Abhichek Siv
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Q.9 Chord 16 cm, distance 6 em. Radive?
Ans. Half chord = 8. v =\ (64 + 36) =\ 100 = 10 em .

Q-10 Cyclic quadvilateral with cides S, 5, 12, 12. Area?

Ans. In a cyclic quadrilateral with cidec S, 12, 5, 12 (a rectangle), area = 5
x 12 = 60.
Or if the equal cides are together (a kite), the diagonal ic 13 (5%+ 12%=
13%) and two right triangles give 2 x % x5 x12=60. Same ancwer,
60 cquare units .

Q.11 I¢c the centre of the circumcirele inside or outside the ?aadm‘/atem/?

Ans. Take any 3 vertices and check if the triangle ic obtuse. The centre ic
inside the quadrilateral when no three corners form an obtuce triangle,
that ic, when every cide chowe an acute angle at the other corners. If a
cide makes an obtuse angle at come other corner, the centre falls

outside -

Q.12 Two equal chords croce. Show their parts are equal.

Ans. Chorde AB and CD crosc at P, AB = CD. Their distances from the
centre are equal (Theorem 6), co the right trianglec from O to the
chords with the common hypotenvse OP are congruent (RHS). $o the
partec of one chord match the parte of the other: AP = CP and P8 = PD

Q.13 Draw a circle where a 6 em chord ic 3 cm from the centre.

Ans. Draw chord AB = 6 cm and its midpoint M. At M draw a perpendicular
and mark O at 3 em from M. OA = 05=\/(? +9) = N2~ 429 em.
Draw the circle with centre O and radivs OA. Triangle OAB ic the

circumeircle idea from the hint.
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Q.14 Show & rectangle ic the only parallelogram that can be inccribed in a
circle.

Ans. A parallelogram has equal opposite angles. A cyclic quadrilateral has
opposite anglec adding to 180° So each angle ic 180°+ 2 = 90°. A
parallelogram with a right angle i a rectangle .

Q- 15 Rectangle inceribed in a circle: diagonals meet at the centre.
Ans. Each angle of the rectangle ic 90° co each diagonal cees a 70° angle,
which meanc it ic a diameter (converse of the cemicirele resuft). Two

diameters meet at the centre .

Q.16 Midpoints of all chords of a fixed length?
Ans. By Theorem 6, all cuch chords are at the came distance d from the
centre. So their midpointe are all at distance d from 0. They form a

circle with the came centre (concentric), radive d.

Q.17 Chorde AB = AC. Show the centre lies on the bisector of L BAC.

Ans. Join OA, 0B, OC. OA = 0A (common), 0B = OC (radii), AB = AC (given).
By S8, AOAB = AOAC. So L OAB = L OAC, and AOD bisects L BAC.

The centre [ies on the bisector .

Q.78 Parallel chords 10 and 29, came cide, 7 cm apart. Radive?

Ans. Halves: 5 and 12. Dictances:\ (+? = 25) and N (r? = 144). On the came

¢ide, their difference ic 7.
Tryr=13:\ (169 - 25) = 12 and (167 - 144) = 5. 12 - 5= 2 /.
Sor=13cem.

Q- 19 Regular hexagon in a circle of radive .

Ans. Each central angle = 360°+ 6 = 60° The triangle i¢ equilateral, co cide

=r.

Notes by Abhichek Siv
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Distance of a cide from the centre = height of that triangle = (N 3/2) x

r.

Q.20 MNOP in & circle, MN diameter. L MOP and L MNP?
Ans. Both cee the came arc MP from pointe on the circle (0 and N, on the
came cide of MP). So L.MOP = L. MNP .

Q.27 Exterior angle of a eyclic quadrilateral = interior opposite angle.
Ans. L CDE + L CDA = 180° (ctraight line). LABC + LLCDA = 180°
(o,bpac/‘te anglee of a eyclic quadrilateral). So £ CDE = L ABC .

Q.22 No chord ic longer than the diameter.
Ans. For a chord AB, OA + 0B = 2r (d/amefek}. In triangle OAB, AB < 0A +
08B (triangle inequality), unlese A, 0, B are in & line. So AB < 2 .

Q.23 Shortect chord through an ingide point A ic perpendicular to OA.

Ans. Chord length = 2/ (+? - d?), where d ic the distance from the centre.
The chortest chord needs the biggect d. The distance d from (O to a
chord through A ic at most DA, and equale OA exactly when the chord ic
perpendicular to OA - So that chord ic the chortest.

Q.29 Use Fig. 5.30 to justify that the angle in a cemicirele ic 70°

Ans. AB ic the diameter, () the centre, ( on the circle. 0A = OC = 0B, <o
triangles QAC and OBC are icosceles. Their base angles are a and b.
The anglec of triangle ABC: a + (a+6)+b=1805c0 2(a+ b) = 150°
anda+ b= 90°. The angle atCica+ b=90°.

Q.25 Chorde CC’' and DD’ L diameter AB. MM’ Joins midpoints of CD and
CD: Prove MM’ L AB.

Ans. AB i¢ a line of cymmetry (reflection). (' ic the mirror image of C and D’
i¢ the mirvor image of D. So the midpoint M’ of CD’ic the mirror Image

Notes by Abhichek Siv 18
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of the midpoint M of CD. The line MM’ joins a point to its mirror image,
co it ic perpendicular to the mirror AB .

Q.26 Opposite angles of & cyclic quadvilateral add to 180° (ucing the figure).
Ans. Join the centre O to all four corners. Four icosceles trianglec are formed.
Call their base angles xq, x,, x5, Xy-
Each angle of the quadrilateral ic the cum of two base anglec. The
anglec of the four triangles together: 2[x7 * Xy Xp Xy )+ 360°%°= 4 x
180°= 220° Sox, + %5 + x5 + x, = 180°.
Opposite anglec uce all four x values, co they add to 180°.

Teacher's Note: Chapter cummary: (1) Perpendicular from centre bisects

chord. (2) Equal chords: equal central angles and equal dictance from the
centre. (3) Central angle = 2 x angle on circle. (4) Angle in & cemicirele =
70° (5) Opposite angles of a eyclic quadrilateral = 1 50°
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W S Fft aigt Tttt

9.3 31 13T [gsi & @ g3F arer folgair @7 faguer?

ITR- I AN Aot e HT AT HARHAR | FE Heft & & g 7

$.3 fbast g7

U% g A Fa gt a9 o &1 31 fag A 317 B: dg A ik B A awiaw g v &
<IRE, SAMRIT Fg AB & oid FaAIZoTeTS U 81T 3T ¥ &1 &3 lag Fg & Fahdr &l
FAfIT R F1ie g=)
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Chapter 5: Im Up and Down, and Rovnd and Rovnd
AT S - FWR-Ar FR Mer-aner (a<)

Fg B FAGATEE GT AB I g7 of T3 FeaT dget & 3R g Far HIT 5T (AB &
YR Z2rTgT ) BT &1 TR DIE g BT g AB &I HEF faig BT &, AT AB + 2
| Faa T2 g7 &t gl

it fig: o A, B, ¢ DF T A T&T & ar dbg AB & TAGTAS R off 81T 3717 BC
& JHZATAD W 31 Y YHTT haer U fag R Herd! &) safeir e peb g awian)

| w1 1 i s fogsil o Bl v gl T &) |

TR 0 aET oTe] THRHTCT fHei &

7T g 33eT ABC a7 URaT &, ST Fg Uz il car ufear &1 fawmert o1
Fh@T: 3T JTIN & ol FAITH FH=n, oTeT et agt dgl
fRlgiar #) a1 uRg Fel giar &7 qwiaior en 3171 Faar Asfen Faar sisft
7T (@07) o F7esy H| gfdamapior et a1evl

= oY fa=ne @ (ger FAlRa)

.1 7Y gt 3 forrer g oI &7

37~ 3eid|

.2 327 &7 o7 Iwq &7 JaF wiet? gsa as1?

T & 37 2 AB/2 T3 1 waer viet = ABJ2 | wad Ft af e
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Chapter 5: Im Up and Down, and Rovnd and Rovnd
AT S - FWR-Ar FR Mer-aner (a<)

9.3 TARSIIH U7 g3 &l W Hear gt & AT s7edt?
IaT- dgdt 2l

9.9 AT HST 83T AT HA?
I~ HA HST 83T, A 3R B & URA <7 ATgT el ororar &1

U.S A 317 B @7 HAT u7 THHT farder a9t setd &7
IaT- 3 a3 AB O i1 &1 (O TRW), AB TF oir & (T TRvm), 3R AB fawvf
&l

gyTaett S| (Fer ART)

T)AB = S I, LA = 70°, LB = 60° arer 33eT] ufgerl % sig? T a1e2?

I~ LC = 180° — 70° — 60° = S0° | FS HIvT 90° I B2 & AT HABIT F3yeT
gl
fafer: AB = S JH AN A YT 70° R B YT 60° seAraiy, o) ¢ UR fAeiaf AB
I BC % dig FARsieisr He Ao &1 fdg 0 &1 Sure &) diw 0 w3, Ufder
A 9T T g Hf4l
oo orarsrer 3.26 At ST Fg Fyyer & gy &

T2 AB = S T, LA = 100° AC = G 31

I LA = 100° & q0° 3 &, sEfeir SfA@@Ir Hyyer )
AB = S Ffig), A TT 100° 5137, AC = 4 It BC &gl (197897 6.92 ) |
AB 37¥7 AC P TAZHIAT H3 0 YT fHeiaN
o ermer 3.52 At | Iz Byt & a1eT & (BC & IF IR oIar A 78 &)

U3 AB = 6 BC = 7, CA = 7] OA, OB, OC HTTT]

IJT- G 62 = 36 < 77 + 72 = 93, AT FIS 3O T Fgl| BeyeT HABIT & g
He3|
OA = OB = 0C ~ 3.87 At (A Bezn & safeir swrew &)
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Chapter 5: Im Up and Down, and Rovnd and Rovnd
AT S - FWR-Ar FR Mer-aner (a<)

T4 A 37 B 3 o1 a6t g 1 sgeradt Hear?
IJT- AB[2 , OE g fei=iahT T AB 2

A=, AT ST st e (ger AflRd)

T.) %5 fag A, B, C| 72T DAT P & for PA = PB = pC?

ITT- el AB T TAZATSAS 3T BC @7 TAIeAH Ziail U & Y3 u2 o &
ST iy & oile Tt T e PSP 7 . s der e Riga I
1§ g T8 e
31 IS Helt ST g7 w1 Afedpaer 2 fagat W w1z T &1 3 Wgal v
lea aTell & T FHeT T

9.2 T ABC 3 FaIIRTa 377 36T gt ufga # & e &7
IT- &1, Fed| g a8 T SR gt Hyer gaTHT I3 A off fsw oft I a7 W
I

.4 s’ sty I ST FHor
AaT AB Y g ¢ I olEer 4T BIT LACB §T &) g7 FE & AT Fg U g HT
HIRT 3t &l

€

THTT AT AB = DE, ¢ YT JHTT 0T

| w7 2: T AT g R AT HIVT SRS AT &
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Chapter 5: Im Up and Down, and Rovnd and Rovnd
AT S - FWR-Ar FR Mer-aner (a<)

F1? Byer ACB 317 DCE & AC = D¢ (Feam), B¢ = EC (Feam), AB = DE (fearr
&)1 $5S I Hyer Fafarer & AT LACB = £ DCE]

x0T 3 (fAch#): Fg YT JHT 0T SiTRT FH3at aleft Aamw
FH1T gt &l
FAN? HT AC = DC, BC = EC 3R LACB = LDCE] SAS I Fyer gt & AT
AB = DE|

geraett 5.2 (31 Afd)

.l Rzmai 1 oflar a1l dg & a1 33T JARSTE 21

Iv- oflaT AB, B3 C| CA 317 CB Ziar Head & $afel ¢A = €B | 2r YT &RIaR,
71t FFigeTE e

T.2 U Zr B3 & SR awiew g ar d Jalaae &l
T et | &t JeAC 1, 1, AB| 3%eT 2 @1 r, v, DE| fg9T & AB = DE) Tl gerrd
fAerdt & safir $SS & TafraH)

8.8 et @ 7ex fig Sy da wAfGITH

CM L A8, I AM = MB

GHT 4 %ﬁﬁm%m@;w#@ﬁmwm@#
/
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Chapter 5: Im Up and Down, and Rovnd and Rovnd
AT S - FWR-Ar FR Mer-aner (a<)

A7 M 7T g & gaforr AM = BM| cA = CB (Fsam) 31k CM 3smafass &1 sss
ACMA = NCMBI SIIT LCMA = LCMB) giar el YT e & safore & o&
10° + 2 = 90° |

GHZ S: g I oflaT YR STeAT ITAT o1e] SAlaT bl JHIGHTIAT
T &

| wRvrrar: olar 7 ol FaAlGHTAS g o §AR oAl & |

geaet 5.3 (go7 Afed)

) g & AT a3 S STl F FHGHINAT R &7

I AT & LCMA = LCMB = 90°) 39eT CMA 37 CMB JF@hIT & &50F CA = CB
(Re=m) 3R $eIT CM 357A1T5) RHS & Fafarasr) SATIT AM = BM |

9.2 o< # FARaTg (Feyer ABC, AB = ACI RT3Ir A I ofivictsl dhg & &7 &1

Ia- P 0, B 3R ¢ A a¥a% g i & ST 0, B F g FAGIHAD 7 8l A off
B atlv ¢ ¥R g W & (AB = AC), SARIT A oft et wafemers vz &)
A 3117 0 I crer aTett T BC FT ol THMTETH § Ae A I offioia &1 I
sfiieiar 0 3 AT zrar & 1

9.3 6 A AT 3 DAt F FAIGR AT g & favdla iR, r = S e F7ET fagan »
aff=r g7
IAY- g I ol olar I ITET FRAT &) 6 HHT areft: el = 3, g o, = LS -
32) =16 = § |
8 JH arefl: et = 4, FAAT do = S(25 - 16) =3 |
fawdlar 3R &, §atelt Fey fag 4 + 3 = 7 AHT R &)

S.6 sfar & Fz A 7
dg I oaT B g w7 Adersy A g3, ATl T BIET I
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Chapter 5: Im Up and Down, and Rovnd and Rovnd
AT S - FWR-Ar FR Mer-aner (a<)

FH1T ST, ¢ AT g3

| 7T 6: T SAATC Fg I FAT g3 W & &

| 7o 7 (faenie): @ 2 @rat g2 aned! ofan @@t @it 2l |

AT 3. g3I oflar g & 1T U gidt &l (T I oiaT
& 3udt g 0 &)

ST G| JHHT 33557 OMB & (R ¢): r* = d* + (airedt offa)>

@t flar)? = 2 - 42
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Chapter 5: Im Up and Down, and Rovnd and Rovnd
AT S - FWR-Ar FR Mer-aner (a<)

[ e #F oS = 2 fG7 — &) |

garaet! $.49 (ge1 Afeq)

9. SIS 3 AT 6 g

Y- 3 AT AT, Fterr el A gIeT bl g FHBIT Byl H d> = r2 — b2
r agt, h a8, AT d agh gRAT FvIET &

U.2 CE | AB, CH L GH, CE = CH| f3=131r AB = GFI
I~ g A gRAT RIS & (CE = CH) | 917 7 a1 Alard av7e &) ST AB = GF |
(FT 21371 & AT g FHBIT (33yeq) # RHS i)

Y.3 USRI I go7 2
IT- (3Teft AB)? = r* — CE? 3T (3meft GF)? = r* — CH?I CE = CH & SIfIT g1t
YT SRTI8R) 3T 3Teft AB = Sieft GF, Tt AB = GF |

gHTaeft S.S (Fer Afed)

vl r = 7 3, wgad g = 6 Jefh Aar?

Ioe- 3Teft offar = (72 — 62) = H(49 — 36) = Y13]
oflar = 2413 = 2.21 It |

9.2 oftaT = 2./(r2 — d?) ¥ &7
IIT- TS AT BT TET HIAT & FHAFIT (FyeT # Yers d, el SAar 3777 Hof r:
(srreft sflam)? = r* — 42 S I ) SHar = 2@ - d?) |

T3 r =S gd & ool AB &g I 4 g, oftar CD 2 g3 FAT (D = 2 x AB?
I AB = 2/(25 - 16) =2 x 3 =6 |

CD = 2025 = 4) = 2,2) = 407 |

2 x AB = 12, &7 fa 9.17] §aferr & |
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Chapter 5: Im Up and Down, and Rovnd and Rovnd
AT S - FWR-Ar FR Mer-aner (a<)

$.7 =9 ZRT SATRT Hivor
<17 AB $ft Tk BIVT "Il & g U7 ( PG BHIT) SR G > O a1 & A faig
D w7 ( Fafeii@a i)

1T 10T 20, URFE YT 10T 0

TR 9: &g TR HI0T, URFE GT HI0T HT Il 8T &l LACB =
2 x LADBI

gAT @7 Ta=%: DC FNTFR € T gersi [ger Acd Fafigerg & (CA = CD)| IF@T
STET 10T ACE, I ADC T I &1 BCE 3R BDC @ Tolr st w1 g1y alish: abdlr
@I ACB = 2 x (ADC + CDB) = 2 x ADB]

AT 1 OF & =919 F U & qowr g Jay HIT §ITGT & & AT O & T HIT
3er &)
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Chapter 5: Im Up and Down, and Rovnd and Rovnd
AT S - FWR-Ar FR Mer-aner (a<)

agt a7 AB, D, €, F T &t aIoT

AT 2. 1T grefaT & T FHT HIoT 130° &7 &, FHCIT 37efger 7 HIOT 190° = 2 =
90° |

SEfGT H VT 70°81T &

I folera 1 a1 o9 oft &I 37k g vz IR fag 1, "90°" @

gyraelt 5.6 (ZeT ART)

.0 LAOB = 60° r = 2] oflgT AB?

I 0A = 0B = 12 317 LAOB = 60°| STt 3 VT Q1§97 & 60° G| AT
fsje FAaTg 3|
AB = 12 JHt |
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Chapter 5: Im Up and Down, and Rovnd and Rovnd
AT S - FWR-Ar FR Mer-aner (a<)

9.2 (i) FaT AB & U & aew X, Y & I8 LAXB # LAYB?
I<v- ad) gt v & T pior & I &

Gii) 379 LAXB = LAYB g qr T X, Y U & v g
IJT- g T PR AB =T & a1 X, Y faudd v @y v off 2y ot 90° &) a7t
ar (AB erar 7 @) T v & 7w @lall

Giii) 3 LAXB = LAYB 3R X, Y R0 a7 wo 7dt & ar #ar A, B, X & &Y arerr
g Y & st amoam?
IqT- &, 3R X 3R Y, AB @& U & I &l P I JIT IV T HIelsy 19 v
g v & (A= ga5 7 10)]

U.3 35 5.26 H x 31T &
I9v- AT @ Tty Tgefer & fEH x & FHS 100° &7 T &
TIHH PV T AT 130% x + 100° = 120°, SAT x = 80° |

®)

< FTT FI (I 5.26)

$.8 =TT agsier sk wagha fag
forar sgsfer & =Ry off v% a< we &) ag =l TG 21 vF g« W AT = fag
Wg?ﬂ'ﬂ’ (coneyclic) HEeATT &)
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Chapter 5: Im Up and Down, and Rovnd and Rovnd
AT S - FWR-Ar FR Mer-aner (a<)

aH 1T FAFIHT ABCD

GHT 10: 3R IS SHIHE U & I &b @l 16g3il I Fre
HIVT FATC, T TR fig OF o< UR &l

| T 11: =TT =Igfer o FH IV BT AT 180° & €l

@17 fackof BD g 1 G A9 & qiedT &1 LA TF =19 & 17 PI0T 357 3T & LC
FIY 1T & BT FHI0T T 3TTET| A T PIT fPerahv 360° & SARIT LA + LC =
360° + 2 = 130° |

gA#7 12 (faens): foa agsfer @ T I T 71T 130°
g, ag =1 2l

aTrer: A T 80°, 110°, 100°, 70°
AT 1: FFF SIS 80° + 100° = 180° 3T 110° + 70° = 130°]

T 2: ZrAr A 180° 8, SARIT & Az FdHT § |

feIggas &1 a1 a1 IJHeT HT SI&T HIT = JFHH s HIVT| (FAfa 3ic: PI0T +
THHH = 180° 7T 3id: BIT + Figr = 180°))
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Chapter 5: Im Up and Down, and Rovnd and Rovnd
AT S - FWR-Ar FR Mer-aner (a<)

3TEATH & 3T ) Fenaelt (For Afea)
.| flar g I S FH g3 r = 13] oflar FI FATTE?
o= 31l offar = 169 — 25) = 144 = 12] flaT = 24 JH} |

G.2 919 g W 70° SidRa 3T & g & fdg U aior?
ITqT- 70° T SHTEIT = 35° |

9.3 AT 26 A, 77t r = 131 oflar 24 I Fg I g7
v sl flar = 121 d = 169 - 144) = 25 = S AH |

.4 r = 1S, gt = 9 oflar?
IaT- 3reft eftar = /(225 = 81) = N44 = 12] HaT = 24 A |

.S g Y AT &7 o1d FHAGHTAD Fg 3 o1 &l
I Hg 0, fART A o1l B I avaR g we & (N Beamd) ) A IR B & sview gt
aTeAT & folg AB @ 018 HAIGHTCAH U €T &) §aferr 0 IH U & |

9.6 AB o1, C o< R LACB?
IR~ N7 AB Sreigey & FT IV 130°) € TR FHI0T JIehT STET: 90° |

.7 TAH1T ABCD| LA = 75° G £.¢? LB = 10° 3r LD?
ITT- TFHH IV BT AT 30°] £.C = 130° — 75° = 10S° | LD = 190° — 110° = 70°
/

.8 LP=0x+10)° LR = (3x — 20)°l

IAT- P SRR THHI & 2x + 10 + 3x — 20 = 130, T Sy — 10 = |80, Sx = 190, x =
33 |
LP =76 +10=286°] LR =14 — 20 =94° | o7fer 86 + 94 = 130 /|

9.9 oftar 16 3, gt 6 At Hea?
ITo- M flar = 81 r = (64 + 36) = 100 = 10 AH |
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Chapter 5: Im Up and Down, and Rovnd and Rovnd
AT S - FWR-Ar FR Mer-aner (a<)

.10 =rh1ar Tqsfet @) AT S, S, 12, 121 &5her?

I Yol FHAH S, 12, S, 12 & (3ir7), ar &wet = S x 12 = 60 |
T SRIGT YeaTts FIT-a7 & (waiar), dr faaof 13 # (52 + 122 = 132), a1k
JTHAFBIT (FeeT: 2 x Vo x S x 12 = 60 | IFR 7, 60 o3 FHIF |

T.)) FF3eT T URhg 3ig7 & AT aTe2?

I BIS o 3 offf &r 31k G a5 Fyyer AAFDI & 7T 7l dhg =Igsfer & G 9
& I8 IS dfier oftf sifelamapior R3yer o 10, 77t &7 HelT ardhl oftf 42 gt
FI0T FATC| 3PR HIS YT 1ot ofif uz 3718 1T gap Jr @@ ST 297

D12 3 J1T AT BET &1 g3 37 ST a7a% &1

Ia7- T AB 3R CD, P R Fzft & AB = (DI dg I Iadbt gl awraw & (@HeT
6), dr 3syEfas T OP dTer FHBIVT Yot Tataraer & (RHS) | SHfIT T offar
& 71T g & HIT ST & e AP = CP 373 PB = PD |

.13 DIT g7 §I13i) folms ¢ At &) oflar ag 3 3 I TR &l

IJT- oflaT AB = 6 o I, Fwexy g M) M TR oid gy s M 3 3 Jt e 0
fafga #3104 = 0B = (9 + 9) = 342 » 4.24 A} | Bz 0, FoaT 04 F T
T FHond & FFAR FE HeT OAB 7 IR &)

D14 Farsir 3T & ag FHiaw Il & o o & §T T &l
I THITT =IgsfeT H TR PIVT §RIGT &It & AT AT H HHH Il T AT
120°) SFRIT & BT 130° + 2 = 90° | FHBT qTAT FHIT THcT AT &l

T.IS o< & JArier; 190N &7 et fag g &l
I 37T FT &2 DI 90° & ST & fashor 90° 10T ¢HAT & 77+t 98 earer &
(s7efqT arer Fifter T fae#) | @r 2T 2 vz [Hera &)

9.16 T 1f20T cia1s @1 Ja sflarsil 3 e fogail &1 ShR?
I<T- AT 6 3 DA TG oftan’ dg & TF & g8 d R F) SAlIT AT #7ey fag 0 A g
d W & o At Fg arenm g1 (Fdfeh) Ferd & Fer di
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Chapter 5: Im Up and Down, and Rovnd and Rovnd
AT S - FWR-Ar FR Mer-aner (a<)

.17 Ala1 AB = AC| TR=T3Tr B2 LBAC & THARNTTH W &
I<- 0A, 0B, OC &013T| OA = 0A (Is7fas), OB = oc (Fe=m), AB = Ac (fg=m)|
SSS T NOAB = NOAC| FTAT LOAB = LOAC, 317 AO IUT LBAC T

TAGHNAT w2ar &) g FAAlGseTH 9T & |

9.8 Faia SAaTs 10 g1 24, TF & SR, 7 A gz) Hean?

Ia2- aireft AT 5 ST 121 GRAT S — 25) IR A - 1494) ) v & R E
AT 3R 71
r =13 3T /(169 = 25) = 12 3R V169 — 1464) = S| 12 =S =7 /]
dTr =13 At |

919 BT r & g7 # IH weyer|
I<IT- & T DI = 360° + 6 = 60°) YT FAVE & AT T = r |
§oIT #1 g A g = I BAyer 1 SIS = (y3/2) xr |

9.20 MNOP g< &, MN =1a] LMOP 37k L MNP?
IR~ el g @ fgan (0 SR N, MP % vas & azm) 3 =7 MP & 8 &1 IfeiT
LMOP = LMNP |

9.2 T TGfer HT SIET HI0T = JFHI Jid: T
I~ LCDE + LCDA = 130° (feft &J1) | LABC + LCDA = 130° (Th1T TqeT &
T PIT) | FAAT LEDE = LABC |

.22 HI§ offar o I st aigt @t
I<9- oftaT AB & ol 0A + OB = 2r (2IT=7) | 3T 0AB # AB < OA + 0B (R3fer
SfADT), o dh A, 0, B TF AT # o &l Aoz AB < 2r |

9.23 AT g A @ a1t areft T&T wiEt AaT 0A TR I A &

F7- Aar # e = 240 - d), d g I g & TRy vt ofar ¥ AT d T
§ST =120) A I &fTet ATl oflar & foIr d, 0A & &rer &t &F JahdlT, 37T Sl
OA T BT & ST oflaT OA U wia 21 ST at oftar wraer DIet &
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Chapter 5: Im Up and Down, and Rovnd and Rovnd
AT S - FWR-Ar FR Mer-aner (a<)

9.24 I $.30 A g @) 1 areflar & 10T 90° @Y &)

I~ AB 7T, 0 g, C g W] OA = OC = OB, FRTIT F¥YeT 0AC 317 OBC
FHRaTE & 357 TR FIT a 37 b

FYeT ABC o @1 a + (a + b) + b = 130°% 3 2(a + b) = 130°, ATt a + b
=90° | CYTHITa + b = 90° |

9.25 SflaTe CC' 37fe DD’ AT AB WR Gid] MM’ eflarsiy €D sife C'D' & Fexr fag arvear
& g R MM' L AB|

IAT- AB FAA (wader) FF YT &l C fag ¢ &1 37 D' fig D Fr gldfas &
AT D' T 727 falg M, CD & a7y fag M &7 s &1 MM T fag &
3T glafae I eiedt & AT 77 guor AB U wia &

9.26 (A5 3 fAg 3 Feb17 IG3feT o TIHI FH0 T T 130°)

IAT- Bg 0 1 TR ST IF AR AR TARSTE Hyer T &1 I TR BT x4, x5,
X3, X4 W/

3o T &2 PIVT ZT TR IV T AT &1 =RY Fett & HIon 7 AT 2(x,

+ X2 + X3 + Xs) + 360° = G x 180° = 720°) FHOC x1 + X2 + X3 + X4 = 180°
l

T FIVT <R x FIIATT FRS & SATAT IeTehT 71T 180° &1

folgra #t a1 sreaTT AR: (1) dg I AT W i AT By FEGIAT FHRAT
(2) AT HaTD: Fg Uz FATT HIVT AR g I T g1 (3) dhar T = 2 x
aRfer o (4) srEfger & 0T = 90°1 (S) =THIT TATHT & FRHI BT = 130°]
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