Chapter 6: Meacuring Space: Perimeter and Area
STEATH 6 - I ) AT, GRATT 31T Qther

6.1 Why do runners in ouvter lanes start ahead?

In a 4 x 100 m race the outer lane runners start a little ahead. This gap ic

called the stagger . Reacon: on a bend, the outer lane has a bigger circle, co
its path ic longer. To make the race fair, the organicers must know how to
Find the length aroond a circle - That ic what this chapter teaches, plus
areas .

Perimeter ic the total length arsund a chape (an ant walbing round the
border). Square of cide a: 4a . Equilateral triangle: 3a . Rectangle a by b: 2(a
+b) . The cquare formula ic a cpecial case of the rectangle one (put b = a).

6.2 The C/D ratio and Tt
Double the cide of a ¢quare and its perimeter doublec. The ratio perimeter :

cide ctaye 4 : 1 for every cquare (3 : 1 for equilateral triangles). For circles,
the circumference C and diameter D also keep a fixed ratio, O/, whatever
the cize. We call it Tt (pi) -

Teacher's Note: Home activity: wind a thin thread 20 times round a
cotton reel, measure its length ( and the diameter D- Then C/D = ( + (20
x D). You will get a number between 3.1 and 3.2.

C=mtD=2nrTt = 22/72 ~ 3.7¢ |

Hictory in chort: Mecopotamians used 3%%. Archimedes trapped Tt between
inscribed and circumseribed polygons: 3 10/21 < < 3 1/7. Zu Chongzhi gave
355/113. AryaéAata gave 3.7416 and called it acanna [a,bpraximm‘e).
Madhave. found the firet exact formula:T/4 =1 - 1/3+ 1/5 = 1/Z + .... The
cymbol TU was made popular by Euler.
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Think! Why does a hexagon inside & circle chow Tt > 37 The hexagon has
perimeter 6r, and & circle of radivs r i¢ longer than that: 2Ir > 6¢, coT

> 3. A hexagon outside [toac/u‘ng} has cide 2¢/A 3, perimeter N3 co
2tk <« N3 randm < 23~ 3.96.

TU i¢ irrational: ite decimal never ends and never repeats, and it cannot be
written ac a fraction of two integers. S$o 22/7 ic only close : U~ 22/7 but Tt
# 22/7. A better one ic 355/113. Trick to remember: "How I wich T could
recollect pi” gives 3.191592 (count letters of each word).

6.3 Length of an arc
Semicircle: half of zitr = Tur . Quarter circle: T#/2 . For an arc making angle
0 °at the centre, take that fraction of the whole circle:

-———
-

______

Arc AB, angle © at centre 0

arc length = 21tr x 0/360 |

Racing track. A 400 m track has two ctraights of §4.39 m and two
cemicircle bende. An athlete running 0.3 m from the inner edge on the bende
(r= 36.8m): 2 x 84.37 + 21T x 36.8 = 168.28 + 237.22 = 400 m v . Each
outer lane i€ 1.22 m wider, <o one bend ic longer byTl x 1.22 = 3.83 m . That
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ic the ctagger. It depends only on the lane width , not on the track cize, <o a
200 m ¢cchool track needs the came stagger.

Perimeter puzzles (colved)

Example 1: Two circles of radivs v, each through the other cen fre._Perimez‘ek

of the chape?

Step 1: Triangle ABC has all cides v, co it ic equilateral and L CAB = 60° So
L CAD = 120° and each outer red arc ic 240° which ic 2/3 of a

eircle.

Step 2: Total = 2 x (2/3) x znr = /3.

Two circles, each through the other centre

Example 2: One big cemicircle a or three small cemicircles b, ¢, d. Which

path is longer?

Step 1: Lengthe:Tia’ and (b’ + ¢’ + d). Since PQ = 22’ = 26"+ 2¢" + 2d; we
get a’=b'+ ¢’ + d’

Step 2: o the pathe are equal .
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Path a (top) or path b + ¢ + d (bottom)?

Exercice Set 6.1 (colved, TU = 22/7)
Q.1 Perimeter 44 cm. Radive?

Ans. 2x 22/2 x r=44 cor=44x Z+ 494 =7Fcm.

Q.2 Circumference for r = 2, 10, 12 em (3 cignificant Figures)
Ans. (i) 2 x 22/2 x 2 = 44.0 em. .

(i) 2 x 22/7 x 10 = 62.852, ¢o 62.9 cm. .

(i) 2 x 22/7 x 12 = #5.93, ¢o 5.4 em. .

Q.3 Arc length: () r = 3.5 em, 60° (i) ¥ = 6.3 m, 7120°
Ans. (i) 2 x 22/7 x 3.5x 60/360 = 22 x 1/6 = 3.6Z cm .
(i) 2 x 22/7 x 6.3 x 120/360 = 39.6 2 3 = 13.2 .

Q.4 Perimeter of a cector, r = 14 em, angle 25°
Ans. Arc = 2 x 22/7 x 14 x 25/360 = 88 x 5/24 = 18.33 ¢eom.
Add two radii: 15.33 + 14 + 14 = 46.33 em .

Q.5 Perimeters of the chapec in Fig. 6.14 (arce are halves or 7uar7‘erf}

Ans. (i) Rectangle 80 m with two cemicircles of diameter 60 m at the ends: 2
x 50 + 60N = 160 + 1588.57 = 345.572 m .
(i) Outer cemicirele (d = 12) + inner cemicivele (d = 8) + two base
pieces of 2 em each: 6T + 4T + 4 = 1010 + 4= 35.43 em .
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(iii) Square of cide 10 with a cemicirele on each cide: 4 x (1 x 5) = 201
= 62.56 cm .

(iv) Equilateral triangle cide 12 with a cemicircle on each cide: 3 x (T x
6) =181 = 56.57 com -

(v) Each emall cquare has cide 14 em. Four quarter circles of radive 14
make 1 full circle = 281, and four cemicircle bumps of diameter 14 add 4
x 2Tl = 25T. Jotal = 5611 = 126 em .

(vi) Big cemicircle d = 28: 1410 = 44. Four cmall cemicirclec d = 2: 4 x
3.5 = 44. Jotal 88 em -

(vii) Right triangle 6, 8, 10 with a cemicircle on every cide:TL(5 + 4 + 3)
=7zt = 3227 em .

(viii) Big cemicivele d = 12: 6T, plus three cmalld = 4: 3 x z1 = 61
fotal 1211 = 32.77 em .

6’x} 5/9 cemicirele [r = 70) 10, ,b/ac two emall ones (r = 5) ST + ST
Jotal 20m = 62.86 ¢m. .

Q.6 Tyre diameter 56 cm
Ans. [,} One revolution = eircumference = 22/? x 56 = 126 em .

(i) 10 km = 1,000,000 ¢m. Revolvtions = 1,000,000 = 126 ~ 5682 .

Q.7 Total perimeter of all petalc (Fig. 6.15)
Ans. () The petale are made from 4 cemicircles of radivs 7 (cquare cide 1),

€0 the total = 4 x 711 = 25T = 88 em .
(ii) Hexagon cide 42. Each petal has two 60° arcs of radivs 42, each arc
ic 4211/3. 6 petale x 2 arce x 141U = 168 = 528 em. .

Q.8 Perimeters in ratio 5 : 4. Ratio of radii?

Ans. Perimeter = ZTtr, ¢o perimeter ic ,bro,bart/‘ona/ to r. Radii are alcs in the

ratio5: 94 .
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6.4 Areas you already know
Pectangle: ab . Square: a. Parallelogram: base x height = bh (cut a triangle

off one cide and ctick it on the other cide to get a rectangle). Triangle: two
copies make a parallelogram, co area = V2 x base x height . A parallelogram

with fixed cides can be cqueezed, co its area ic not fixed by its cides alone.

R et B S

Median AD cuts the triangle into two equal areas

Theorem: a median dividee a triangle into two trianglee of equal
area.

Reacon: triangles ABD and ACD have equal bases (BD = DC) and the came
height h, co each has area %5 x (BC/2) x h. They look different but have

equa/ area.

Think! Rectanglec with perimeter 40: there are infinitely many . The
largect area. ic the equare 10 x 10 = 100 . There ic no smallest area (a

very thin rectangle has area close to 0).

6.5 Heron'e formula
IF the cides are &, b, ¢, the Semi-perimeter ic ¢ = (2 + b+ ¢)/2. Then:

Area =\ [¢ (e - a)(c-b)(c-¢c)]
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Test 1: Equilateral triangle, cide a
Step 1: < = 3a/2. Area = [(3a/2)(a/2)(2/2)(2/2)] =N (32%716) =
(\/3/‘/)&12- Same ae V2 x a x (\/3/2)a .

Test 2: Triangle 3, 4, 5
Step 1: c= 6. Area =V (6x3x2x1)=V36=6.And ¥ x3x4=6V.

Two more formulas: Area = abe/(4R) (R = circumradiuc) and Area = r(a + b
+ c}/Z [r = /nraa’fu(’}.

Brahmagupta'e formula for a cyclic 4-gon with cides a, b, ¢, d and ¢ = (a + b
+c+d)/2:

[ Area=V[(c-a)lc-b)(c-c)(c-d)] |

Teachere Note: Why cyc/ic? A rhombus with cide 3 can have areas 9,
5.01 or 5.9 depending on its angle. So four cides alsne do not fix the
area. Put d = 0 and Brahmagupta'e formula becomee Heron'e formula. This

i¢ called a generalisation ; Heron'c ic the special case .

Squaring a rectangle [Ba«dhdyana}: to make a cquare of area ab, use
((a+6)/2)? - ((a-6)/2)? = ab. The cquare cide ic the leg of a right triangle
with hypotenvse (a+b)/2 and other leq (a-b)/2.

Exercice Set 6.2 (colved)
Q.1 Area of triangle ADE (rectangle ABCD, AD = 8 DC = 10, € on BC)

Ans. Bace AD = 8§ em and € i¢ 10 em from AD, coarea = ¥ x § x 10 = 40

cmz.
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Q.2 Trapezium with parallel cides 90, 20 and equal lege 26

Ans. Half the difference of parallel cides = (40 - 20)/2 = 10. Height =/ (262
- 10%) =V 526 = 24.
Area = 15 x (40 + 20) x 24 = 220 em?.

Q-3 Sides & and 11, perimeter 32
Awns. Third cide = 32 = 19 = 13. ¢ = 16. Area =V (16 x & x 5 x 3) =\ 1920
= &V30~ 43.8 em?.

Q.4 Sides in ratio 3 : 5 : 7, perimeter 300 m
Ans. Sides = 60, 100, 190 m. ¢ = 150. Area =V (150 x 90 x 50 x 10) =
V6,250,000 = 1500V 3 =~ 2598 m?.

Q.5 Rhombue diagonals d and 24, area 128
Ans. Area = 15 x d x 2d = d*= 128, co d =\ 128 = 8\ 2 =~ 11.3 em (chorter
diagonal).

Q.6 P, Q on cide AB of parallelogram ABCD. Area(PCD) : Area(QCD)?
Ans. Both trianglec have the came base CD and the came height (distance
between parallel [inec AB and CD). Ratio = 1: 1.

Q.7 0 on diagonal PR of parallelogram PORS. Area(PSO) = Area(PQO)

Ans. Diagonal PR passec through the midpoint of @S, co Q and S are at equal
distance from line PR. Triangles PSO and PQO chare base PO and have
6’?6(0-/ Ae[g/nt!’, <o equa/ area. -

Q.8 Midpoints of a 4-gon Joined: area of the parallelogram = V2 area of 4-gon
Ans. Tn 4-90n ABCD, take midpsints P (AB), Q (BC), R (CD), S (DA). PQ i<
paraflel to AC and half of it, co triangle BPQ has cides half of triangle

BAC, hence V4 of its area. Same for DRS and ADC. Together: Vi of the
whole 4-gon.
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Triangles APS and CQR alco give Vi together. The four corner triangles
= 1% of the 9-9on. S$o the middle parallelogram = V5 .

Q.9 Median AD, P on AD. Area(ABP) = Area(ACP)
Ans. Median: Area(ABD) = Area(ACD). In triangle PBC, PD ic & median, <o
Area(PBD) = Area(PCD). Subtract: Avea(ABP) = Area(ACP) .

Q.10 P inside cquare ABCD. Ratio of red (PAB + PCD) to green (PBC + PDA)
Ans. Heighte from P to AB and CD add up to the cide ¢, coved = 75 x ¢ x ¢ =
gz/Z. game for green. Eat:‘o =q1:1.

Q11 D midpoint of AB, CQ || PD. Area(BPQ) = ¥ Area(ABC)

Ans. Triangles DPQ and DPC have the came base DP and lie between
parallele PD and CQ, <o Area(DPQ) = Area(DPC).
Area(BPQ) = Area(BPD) + Area(DPQ) = Area(BPD) + Area(DPC) =
Area(BDC) = ¥ Area(ABC) (CD i¢c & median,).

6.6 Area of a circle
Cut & circle into many thin clicec and place them alternately. They form

almost a paraflelogram with base = half the circumference = TLr and height =

® [

T0r (half circomference)

r.

8 clicee

Slices of a circle make a parallelogram
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Area of cirele = Ttr x r = TL#?

Archimedes caid: area = V5 x circumference x radive = V5 x 21r x v = TIF2

Early values: Baéy/am‘any A=~C%12; Egyptians A= [50//7)2.

Sector (like a pizza clice, angle © 9): area = ir? x 0/360. Semicircle =TirY/2,
quadrant = TLr/4. A cegment ic the region between an arc and its chord.

‘ cector area =Tr*x 0/360 |

Exercice Set 6.3 (colved)
Q.1 Sector, ¥ = 7, angle 60°
Ans. 22/7 x 49 x 60/360 = 154/6 = 25.67 cm?.

Q-2 Quadrant of a circle with circumference 4 em
Ans. 2 x 22/7 x v = 44, ¢o r = 2. Quadrant = Vi x 22/7 x 49 = 38.5 em?.

Q.3 Minute hand 7 em, area cwept in 10 minutes

Ans. 10 minutec = 60°(§/'nce 60 nun = 360(7. Area = 22/? X 49 x 60/350 =

25.67 em?2.

Q.9 v = 10, chord cubtonds 70° (1 = 3.1¢)
Ans. (i) Minor cector = 3.14 x 100 x 90/360 = 8.5 em?.
[/f] Major cector = 3.74 x 100 x 2720/360 = 235.5 em?.

Q.5 r = 15, chord cubtende 60° (1 = 3.14,\/3 = 1.23)

Ans. Sector = 3.14 x 225 x 60/360 = 112.25. Triangle QAB ic equilateral
with cide 15: area = (N 3/4) x 225 = 972.31.
Minor cegment = 112.25 — 92.37 = 20.49 em?.

Notes by Abhichek Siv
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Circle = 3.714 x 225 = 206.5. Major cegment = 206.5 — 20.99 = 686.06

cmz.

Q-6 Two wipers, blade 28 cm, angle 120° each
Ans. One wiper: 22/7 x 284 x 120/360 = §21.33. Two wipere: 1642.67 em?.

0.?/M/'nar gegment for 60°chord = /f‘zﬁ'[/é - \/3/4}
Ans. Sector = TLr%/6. Trianale OAB ic equilateral: (N 3/4)r2 Difference =
wr¥(1/6 -V 3/(4m)) = v’ /6 -~ 3/4).

Q.8 Equilateral triangle in a circle of radive v. Area ratio?
Ans. Side = l’\/3, Co area = [\/3/‘/] x 3rf=3/3r%4. Ratio = 3N 3¢r%/Y + Tir?
=3V 3/(4m) ~ 0.913.

Q.9 Square in a circle
Ans. Diagonal = 2¢, co cide? = 2¢% = area. Ratio = 20%/v2 = 2/t =~ 0.637.

Q.10 Hexagon in a eircle
Ans. Six equilateral triangles of cide v: 6 x (N 3/ 4)r? = 3V 3022, Patio =
33/ (z) =~ 0.827 - This i¢ exactly twice the answer to (I8, becavse the

hexagon has twice the area of the inscribed equilateral triangle.

End-of-Chapter Exercises (colved)
Q.1 Area modele of identities
Ans. (2 + 6)%= 2%+ 20b + b%ic a big cquare of cide a + b cut in ¢ pieces.

For (a + b)(a - b): take & cquare a x a and remove the corner b x b,
Cut the (-chape in two rectanglec and place them cide by cide to form (=
+b) by (a-b).

For (a + b + ¢)% & cquare of cide a + b + ¢ cut in a 3 x 3 grid. The

pieces are 2% b2 ¢% pnd two each of ab, be, ca.
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a(a-b)

b(a-b)

a+b

a-b

(a+b)(a-b) = 2% - b*?

ac

be

ab

62

eb

ba

ca

(a+b+c)? ac ¢ pieces

Q.2 Icosceles, perimeter 40, equal cidec 15

Ans. Base = 40 = 30 = 10. Height =\ (225 - 25) = 10V 2. Area = ¥ x 10 x
10V 2 = 5072~ 20.7 em? (Hevron: ¢ = 20,\ (20 x 5 x 5 x 10) =/ 5000

v ).

Q.3 Icosceles, base 10, area 60

Ans. 7 x 10 x h = 60, ¢o h = 12. Eqaa/cio/er\/(52+ 12%) = 13 em .

0‘/ /Q'?Af triaug/e, area 549, one /eg 12

Ans. Other leqg = 2 x 54 + 12 = 9. Hypotenuse =V (199 + 81) = 15.

Perimeter = 12+ 9+ 15 = 36 em .

Q.5 Sides 2:3: ¢ perimeter 95

Ans. Cidee 10, 15, 20. ¢ = 22.5. Area =V (22.5 x 12.5 x 2.5 x 2.5) =

25\ 15/4 ~ 22.6 em?.

Notes by Abhichek Siv
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Q.6 Triangle 7, 24, 25: two ways
Ans. Right triangle [‘/? + 5726 =625): V6 x 7 x 24 = 84 em?.
Heron: ¢ = 28,V (28 x 21 x 4 x 3) =V 2056 = 84 em?V .

Q.7 Wheel d = 60 em, 100 rotations
Ans. Circumference = 22/7 x 60 = 188.57 em. Dictance = 100 x 188.57 =
188572 cm =~ 188.6 m .

Q-8 Quadrant of circle with circumference 66 cm
Ans. r = 66 x 2/44 = 10.5. Area = Vi x 22/7 x 10.5% = 86.625 em?.

Q.9 Car wheel r = 28 em
Ans. One turn = 2 x ZZ/? x 28 = 126 em . 1 km = 100,000 em, €O turng =
700,000 = 176 ~ 568 .

Q.10 Same area and came perimeter: congruent?
Ans. Sides a, b with a + b = p and ab = A. a and b are the roote of x* - px +
A= 0, co the pair {2, bf ic fixed. Yee, the rectanglec are congruent.

Q.71 Trapezium area from a parallelogram

Ans. Take a cecond copy of the trapezium, turn it upside down, and join it. You
get a parallelogram of base (a + b) and height h. The trapezium ic half
of it: Vo(a + b)h .

Q.12 Trapezium ac two triangles
Ans. A diagonal makes two triangles, with bases a and b and the came height
h. Arvea = Voah + Vobh = Vé(a + b)h .

Q.73 Two identical trapeziums make a parallelogram
Ans. Rotate the cecond trapezium by 1580° and attach it alsng a leg.
Parallelogram base = a + b, height = b, area = (a + b)h. One trapezium
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= "/ﬁ[a+ b}A .

Q19 Kite avea = V2 x d; x d,

Ans. (i) Algebra: diagonals meet at right angles; the long diagonal d, ic cut
into x and y with x + y = dy. Two triangles: 15 x d, x x + V2 x d, x y =
12 d, d; .
(i) Geometry: draw a rectangle d; x d, around the kite. The kite ic
exactly half of this rectangle.

Q.15 Sealing

Ans. (i) Sides 22, 2b: area Yab, four times. ¢ copiec of ABCD fit (2x2) v
(ii) Triangle with cides doubled: area x 4. Joining midpoints cuts it into 4
congruent small triangles, co 4 copies fit v .
(iii) Sides tripled: area x 9. Trisect the cides and cut into 9 congruent
triangles, co 9 copies fit V.

Q.16 Fraction chaded

Ans. Fig 6.93: P ic the midpoint of one cide, Q and S tricect another. The
chaded 9-gon ic 1/2 of the triangle.
Fig 6.99: cide 2, the lines are 2x +y=2 and 2x +y =49 ete. Tnner
cquare vertices are (0.4, 1.2), (1.2, 1.6), .. co its cide? = 0.8. Area 0.8
out of 4 = 1/5 .
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Fig. 6.93: chaded part = 1/2

Fig. 6.99: chaded part = 1/5

Q17 Circlee in a rectangle

Ans. Fig 6.95: 3 circles of radivs  in a 61 x 2r rectangle: etz 1202 =T/Y

Fig 6.96: 4 circles in §r x 2¢: qmr?: 1662 = T[/‘/.

900

Fig. 6.45: 3 circles

Notes by Abhichek Siv
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@-18 w circles in a row
Ans. Rectangle = 2nr x 2r = 4nr? Circlec = Wit¥? Fraction = /4 ~ 28.5%
for 10, 20, 50 or any n. n cancels, co the claim ¢ proved for every n.

Q.19 Mine rectanglee, big rectangle area 22

Ans. Let each small vectangle be | by w. Top row: 4 lying [ bottom row: 5
ctanding w. Came length: 4/ = Sw. Area: Uw = 22, lw = §.
[ = 5w/4, co Sw¥Y = 8 w?=32/5, w=nN10/5 =V 10.
Perimeter = 2(1 + w) =2 x 1.8Y10 = 18/ 10/5 ~ 11.38 em .

Q.20 Tricection triangles are equal

Ans. Blue and red triangles chare the apex A and have bases BP = QC (equal,
cince the base ic tricected) and the came height. So their areas are
equal .
lo rearrange: cut the blue triangle by the line joining the midpoints of its
two clant cidec. The cmall top triangle, turned 1 50° Joing the trapezium
to make a parallelogram. Cut a right-angled triangle off and move it to
make a rectangle of base BP and height h/2. Do the came ctepe
backwarde to get the red triangle.

A

8 P Q C
Q20: bases BP = QC, came height
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Q.21 Quarter circle and two cemicirclec: A = B

Ans. Square cide a. Quarter circle (centre at the vertex) =Tta%/4. Two
cemicirelec on the cides: 2 x Ta%/8 = a?/4. They are equal.
Quarter circle = (two semicirclec together) — A + B. Since the totale are
equal, A = 8.

Q27: area A = area B

Q.22 Four-petal flower, cquare cide 2

Ans. Each petal ic two quarter circles of radivs 1: perimeter T.. Perimefer =
Mm=q12.52
Four cemicircles total area 2T cover the ¢quare (area 4) once, and the

petalc twice. Petal area = 21T = 4. Area = 21T — ¢ =~ 2.28 €q. units.

Q22: four-petal Flower
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Q.23 Two concentric circles, BC = [ touchee the emall one
Ans. A ic the midpoint of BC, <o AB = /2. Right triangle 0AB: P? = v*+
[//Z)Z ,e/hg area :T[[/ez— 1’2) =Tl x /2/4’ = %/T[/Z.

Q23: ring between two circles

Q.29 Semicircles on the cidec of a right triangle
Ans. Semicircle areas: Ta?/8 b6%8, e%/s. Since a?+ b? = ¢2 the two on
the legs add up to the one on the hypotenuse: A+B=C.

Q.25 Area of the two-circle lens
Ans. Triangle ABC is equilateral, co each arc ic 720° Lens = 2 x (cector 120
— triangle) = 2(r%/3 -V 3¢ Y4) = ¥ (2n/3 -V 3/2) ~ 1.23+2.

Q25: the chaded lenc
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Q.26 Rectangle = 2(A + C)(B + C)/C

Ans. (et the rectangle be Y/ by H. The point P ic at distance x from the left
and y from the bottom. A = Vix(H - y) B = BW -y, C= V(W -
x)(H - y)-
(A+C)=B(H - y)Wand (B+C) = 1(W - x)H. Product = VillH(W
-x)(H-y) = VilWH x 20 = WHC/ 2.
So WH = 2(A+ C)(B + C)/C -

Q26: triangles A, B, C in a rectangle

Q.27 The two chaded regions are equal

Ans. Radivs v, AB = W 2. Semicircle on AB has radive W 2/2, area = ¥ x 11
x r%2 =Tr%/4. Quarter circle OAB has areaTir%/4. They are equal.
Lune = cemicirele — cegment; triangle OAB = quarter circle - the came

cegment. Hence lune = triangle (a lune of Hippocratec).

0

Q27: blue lvne = orange triangle

Notes by Abhichek Siv 79



Chapter 6: Meacvring Space: Perimeter and Area
STEATH 6 - I ) AT, GRATT 31T Qther

Teacher'e Note: Chapter cummary: C = 2tr. Arc = 2Itr x 0/360. Triangle
= Vobh. Hevon:\ [e(e-a)(c-b)(c-c)]. Circle = ir? Sector =Tir? x 0/360.
Brahmagupta: \/[[g—a)[g—é)[g—c][g-d}] for a eyclic 4-gon. T i¢ irrational.
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ECIRs Rl

I hl HIY: URATY 3R &5hol
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6. I AT > eTaH AT A FAY X HIF &7

4 x 100 #Ht ) Rer zls & a1edt S7 2 €9 AT 79T I FeAT YT BT &) §F HrIo
BT FEIAT el & FRUL: AT G q1e} ol FT gl TST &7 & SANIT IIAHT IRAT AT
8ITT 2 gls @ FATAYUT Tt & fIT a<T b} GiaTs fewTerar ST AT et g
T H HZ, A H gTwer |

R Tt sl ) e ) ot eiars & (S At fbare-fahare ga) | aaf (e
a): 4a | THSTE YT 3a | STAT a x b: 2(a + b) | G T JF 3TAT & I a7 faely
T &b = a7

6.2 C/> HFUTT HIT 7T

5af BT ST gaett @3 ar URHATT sft gaper &I &1 YR : ST T Sigura & 5 # 4
| 3z # (ST ST & 3 1)) o & sft uRfer ¢ 3R AT D FT SIGUIT > &
HTHR 7 TF g & & 2 0 (1) Fed &

fRIgies 1 a1 TR U AT I 1 Jet G uTerr 49T 20 R HHFR AU, €19
@ oiaTs L 3717 Hor T A1 D aay) a7 C/D = L + (20 x D)| 3T 3.) 377 3.2
& f=er IO

| C=7D=21r = 22/7 & 3.4

ST Fgra 7 FANEIHAT 3 3y T BT o 377 37 TER & TgHA
st 0 B ST 3 10/7) < 70 < 3 1/7] of <ATAT o 355/113 TFATI SATHSIE 5F 3.1416
feor 31T 3T AHTHT (79197T) WET| ATIT & T 7 Ugerr Feleh G Ferr: 7/4 = | -
13 + /S = 17 + .| T TAIg @ ok o eAhiQT §ArT]

FN g F 3iER Yeyer A 7 > 3 B [GHAT &7 eI T gRA br & 37 g
ITA AT & 27 > br, AT T > 3 | FIER dlot YT BT el 2r/y3, TRATT
93 1, AF 27tr < 443 1, AT T < 243 % 3.96 |
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T SURAT & ST FoFeTT FH T Tg] I IR FIEIT widl, A g2 @ gt
85 & = & 78 o1 Thd| SAIT 22/7 FHaol Ui & 1 ~ 22/7 offded T # 22/7)
883 FIT 35S/113 &)

6.3 A9 F} eiaTs
FFEfGT: 270r T SATET = ur | FIATE aF: /2 | g T 0° 0T ST aTel T % 1o
Q2 T T IaTT & 19T &

-—
-

\\\\\\

=TT AB, ¢ 0T 1T O

| =17 @t oieTs = 27 x /360 |

gls &1 &1 400 #t 2o 7 gr e ST $4.39 #t 977 gF SrEfaHR AT & ST
fahaTIe 3 0.3 #Ht g2ae gizar ater (r = 36.8 #1): 2 x 84.39 + 271 x 36.8 = 163.78 +
23122 = 400 #Ht v | g7 T @7 1.22 H =it § SAGIT U AT wox 1.22 % 3.83
#H} iaT & araT 21 Tet R & A€ daor o H WS W AR & B ¥ PR W
72}, AT 200 HF dTor Fper g & Iaar & TR =RE

TRATT & weferai (ger led)

IETERV 1 FeAT v % 31 g, &7 OF gy & g B el 2| SFIa 7 uRaATa?
TIT ;. 33feT ABC P AT HoTID ¢ &, SAT TFHSTE & S LCAB = 60°] SAIT
LCAD = )20° 3R & FT&3 errer AT 240° & AT g T 2/3

AT 2 ol = 2 x (2/3) x 2mr = 87rf3 |
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2o, R OH G H g A YA &

FGTERV 2: T SST STEfg<T a AT fier pIe. UG b, ¢, d|_Hlai-AT Il cAa 7

oI I: oaigEl ma' IR 7' + ¢+ d)I PQ = 2a = 2b' + 2¢' + 24, §AfIT a
b +c +dl

T 2 FAAT 2)Y I T 2

IR o (BUR) AT b + ¢ + 4 (&1=1)?

et 6. (867 Afed, 7T = 22/7)
) gRATT 44 Jet Hear?
IAT- 2 x 22/7 xr = 44, AT = 44 x 7 = 49 = 7 A |

T2 = 7,10, 12 3t F alfer (3 Irda sipl am)
I () 2 x 22/7 x 7 = 44.0 I |
Gi) 2 x 22/7 x 10 = 62.857, 7T 62.9 I |
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Gii) 2 x 22/7 x 12 = 75.43, 77t 75.4 AHT |

.3 =o1g  otars: () r = 3.5 3, 60° (i) r = 6.3 #H 120°
F3- (1) 2 x 22/7 x 3.5 x 60/360 = 22 x 1/6 = 3.67 AH |
Gi) 2 x 22/7 x 6.3 x 120/360 = 39.6 ~ 3 = 13.2 #t |

9.4 (96138 a7 ufdamy, r = 19 2}, BT 75°
ITqT- T = 2 x 22/7 X 14 x 75/360 = 8% x $/24 = 18.33 )
ar oo &gk 18.33 + 14 + 19 = 46.33 At |

TS F3I5 6.14 @1 Sepfaar o GRer (A1 7y = TS o< % &)

IFv- () 3T 30 #H, ZiaA [RY 42 AT 60 HF 3 avelg: 2 x 80 + 607 = 160 +
183.57 = 348.57 #} |
(i) a1ed} arefger (217 12) + i srelgr (AT 8) + ITEIR & Zr Zebs 2-2
JH: 67 + 4T + § = |07 + 4 = 35.43 AHT |
Giii) T 10 & T &1 &7 a7 WR 37efg=: 4 x (7 x S) = 207 = 62.86 WAH |
(iv) 87T 12 & FHASTE et B & Yoil WR 37eig<h: 3 x (70 x 6) = 1870 =
$6.57 At |
(v) & DIZ a3t " et 19 ) BHeT 19 2 =R 11§ o< 1761 | G o< =
28T, IR SIRT 19 % TR IEaT 4 x 770 = 237) FoT = S6T = 176 A |
(vi) §3T 37T d = 28: 1470 = 44 IR BIZ g7efger d = 7: 4 x 3.570 = 44]
o7 88 AHT |
vil) FFeBIoT (et 6, 8, 10, &2 a7 UR s7efg=r: (S + 4 + 3) = 127 = 32.7)
[t |
(viii) FET STefaT d = 12: 610, IR AT Bl d = 4: 3 x 270 = 671) FT 1270 =
372.20 3t )
Cix) T 37efa=r (r = 10) 1070, 3R gr o2 (r = §) ST+ ST| FooT 2070 =
62.836 At |

Notes by Abhichek Siv 25



Chapter 6: Meacvring Space: Perimeter and Area
STEATH 6 - I ) AT, GRATT 31T Qther

Y.6 211 &1 1T S6 IH)
3% (i) TF FahT = Uhfer = 22/7 x $6 = 176 A+t |
(i) 10 T3t = 1,000,000 JH FaHT = ] 000,000 <~ 176 ~ S632 |

.7 I 6.1S & TF UGRAT #T ol GRATT

Fae- () vGRAT Bear 7 & 4 srefgar 3 st & (@ F o6 14), Pl = ¢ x 7m0 =
281 = 88 AH |
Gii) ST HT §elT 421 & UZFE 7 FeAT 42 F @ 60° I & &7 AT 427/3) 6
GHRAT x 2 =9 x |47 = 1637 = $28 BHT |

9.8 25 gl & URHATY &7 IGUIT S ¢ 4) Feamsit &7 srqara?
I~ TRATT = 270, 1t URATT r & FaTgurdt &1 Reamen &7 siguia st S « 4 2

6.4 STeT I ST Uger o Tl &

TAT: ab | T 0 | THIGT TJHeT: HTATT x FHATE = bh (TF I I YT Hrea
eI quw RIS ar ST & arar &) | Fyer: 2 gfaut e’ JFiar Fqyfer g
& SAfIT THeT = Yo x ITENT x HATE | FHIR Aol ) AT g IFHT I
ZITAT &7 FehdT &, ST FHaeT JeTIal I IHehT STl I & &l

R et b8

BNPT AD YT I GT SRTOR SITHI H Sl

W~m@wﬁg¢ww}w§mmﬁﬁaﬁ#m"zﬁ
/
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I 3YeT ABD 31T ACD & STTe SRTa% & (BD = DC) 3R S h U & &
W@PW%TWVZ x (BC/2) xh/?@??#wfq?g)ww/

! gRATT 40 FTer ITAT: STeidT & Fad FIT Gwer aat 10 x 10 = 100 T &
HGH BIET GTCT wIg) 81T (g Uder ST &T SI5wel 0 2 I el &7l &)

6.5 &7 BT IT
?jmffa, b,c?f?ﬁﬂﬁ—ﬂﬁﬂﬂ's: (a+b +¢)/2) dT:

&weT = [ s (s —a)(s = b)(s — ¢) ]

ST It FAHSTE YT, ol a
T ;s = 3a/2] g5t = V[(3a/2)(a/2)(a/2)(a/2)] = W(3a4/16) = (y3/4)a? |
T Y x a x (V3/2)a & SRR E /|

& 2: 3yeT 3, 4, S
W) s =61 GTFA = J(6x3x2x]|)=436=6]3R%hx3xG=61I

ar 37 I @5wer = abel(4R) (R = URRBeaT) o1 ST = r(a + b + )2 (r =
Siafiea) |

WWEWW?@E el a, b, ¢, d 3Ts = (a +b + ¢ +d)/2
&5weT = [ (s — a)(s — b)(s — c)(s — d) ] l

felgieh &) a1 THIT FAI? YeIT 3 qIeT FHAGHST HIVT & FFAR 9, 8.01 7T 5.4
ST T & AT 8| AT defoT =12 AT I S5heT I 7@t 8Tl d = 0 IZF
R IGT T T 83T T I a9 ST &) S ATHH 20T FE & 83T Pl I
faehy =
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STAT 27 T (FleTa=T): 85T ab 7 adf et & 1T ((a+b)/2)? -
((a=b)/2)? = ab &T GHNT F| Taf H YT IF JABIT FYeT #) vF §eiT & ferTamr
#0f (a+b)/2 3117 gt 8gerr (a-b)/2 &

geraelt 6.2 (o1 Afed)

9.) 56T ADE T 5ot (33 ABCD, AD = 8, DC = 10, E, BC W)

IJ- TR AD = 8 I TR E, AD I 10 It g7 & seIT &imer = V5 x 8 x 10
40 J#H |

I

9.2 IHcIT A, FAITR e 40, 20 3R SRS JATC 26
I<T- FJHIGT JeTI37 o 3% BT aier = (40 — 20)/2 = 10] F=1§ = (262 — 10%) =
V576 = 241

gt = Vo x (40 + 20) x 24 = 720 FH#HP: |

9.3 §eiris 8 HR I, URATT 32
F7- At et = 32 — 19 = 131 s = 16] gFHeT = W16 x 8 x S x 3) = 41920 =
830 ~ 43.8 AHP |

Y.4 cIT37 T 3IqUTd 3 : S . 7, GRATT 300 Ht
3T Y0 = 60, 100, 190 H s = 150] &THA = IS0 x 90 x S0 x 10) =
6,750,000 = 15003 ~ 2598 HP |

9.5 FHagsfer & fawvl d 3 2d, ST 123
I AT = Vo x d x 2d = d? = 123, SHRIT d = 128 = 32 ~ 1.3 At (BlaT
faaol) |

9.6 JHIGR FAF3fcT ABCD ) 3T AB TR P, Q| SIFTHeT(PCD) @ THer(QCD)?
IJT- FI) Hyert @71 STER (D & § 3R Fa1E ot voh (FHIaR SHMT AB IR D
FATH D FFIT =111 |
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9.7 JHITR FIJYHeT PQRS & Tahvi PR 47 0] &5her(PS0) = &5wei(PQO)
FiT- Ao PR, Qs & Frer fig 3 1T &, ST @ 9k S ¥ PR & SRR g w7
&1 3YeT PSO 31T PQO @7 3TTEIR PO I37aferss & 3R AT avTeR, ST

STHET ST |

9.8 wIgsfer o FeA fg IS WR qaTT IR wIgsfer = AJSeT T TET

JTT- AT ABCD H AB, BC, (D, DA & FET fdg P, @, R, S &Ml PQ, AC & TAITR
1T FarepT ST & ST 3o BPQ F1 syerd et BAC ot aireft & artt
EeT Yy | §HT TE DRS 9T ADC| Il f8e1ae U &7 Yl
Rsjer APS 31iT CQR St TAEIFR Vol FRI FIeT % F3T = 49 7 5| AT dt=r
T FHIAZ FAFHet = Vo |

9.9 HTfEIaT AD, AD UR P| SITHCT(ABP) = SI5BeT(ACP)
I HIEHT T GIBA(CABD) = SFHer(ACD) | (39T PBC & PD FfedaT & sfoir
&THe1(PBD) = gisthe(PCD,) | TETS: STHA(ABP) = GFHET(ACP) |

.00 537 ABCD % 3izv P) o1eT (PAB + PCD) 37 &% (PBC + PDA) T 3iaural
ITAT- P I AB 3R CD e 1 SATSA 357 7T il s & AT ofleT = Jp x s x s =
s¥/2) & 81 uigh srqura = 1 ¢ 1 |

Tl D, AB #T 7T fdg, CQ | PDI &THA(BPQ) = Vs STHACABC)

IT- 3¥eT DPQ 3717 DPC T 3TTeIR DP T & 37 I FaHiqe Y=mai PD 3R cQ &
s & SEIT S5wer(dP) = SFHA(DPC)|
SEI(BPQ) = S5HeTi(BPD) + SHei(DPR) = SITHGT(BPD) + &5het(DPC)
= YFPHT(BDC) = Y STBACABC) (CD ATfEIHT 2)|

6.6 T BT YTHeT
T o) T§ UTeAT Bl & HIer 3R FR-gr I T ST AHIAT ATHA FotaT &
faraesr IR = 3t ufdfer = wor sfe S = r |
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B |

T (half circomference)

8 ¢clicee

g & el A AT AFHoT

— — 2
g T §IFHCT = TIr X r = Tr

STHAST T eT: GFBT = Yo x URME x FHeAT = Y x 27r x r = 70r°] YRIST HTT:
saftorlaT A ~ C/12; T A = (8d/9)?

ez (festl & gebs S¥TT, 10T 0°): &wer = it x 6/3601 37ela=T = T1r*/2,
I = 7r2/4) TEHES =17 IR JFH1 SHaT & o T T &)

| Hearis &7 &hmer = 1 x /360 |

gHTactt 6.3 (o1 Al )
b.) FcTFs, v = 7, FHI0T 60°
ITT- 22/7 x 49 x 60/360 = 154/6 = 25.67 AH P |

9.2 URfer 44 I aTer a<T @7 FgUrer
I 2 x 22/7 x v = 44, FARIC r = 7] TGIFT = Yy x 22/7 x 49 = 33.5 FH |

9.3 fAaic g3 7 3, 10 AT 3 2RT g5iher
Iv- 10 fasE = 60° (@i 60 AT = 360°) | GFWST = 22/7 x 49 x 60/360 =
25.67 A |
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.9 r = 10, oflar 90° SiIRT oAt & (0 = 3.14)
<= (i) o7 F3e7FE = 3.4 x 100 x 90/360 = 78.5 AH |
(i) 3 Aoz = 3.4 x 100 x 270/360 = 235.5 AH |

.S r = IS, eflar 60° SiaRT @t & (v = 3.4, v3 = 1.73)

T FeTFT = 3.4 x 225 x 60/360 = )17.75| (33eT OAB THETE & HeiT 1S: QJTel
= (v3/4) x 225 = 97311
o qEHS = 117.75 — 47.31 = 20.49 A |
g = 3.4 x 225 = 706.5| &F FAHT = 706.5 - 20.94 = 686.06 At |

9.6 3l aISUR, WeT 23 AH), &7 OF 120° THaT &
I TF aI5U%: 22/7 X 784 x 120/360 = 821.33] 2 G159 1642.67 AH |

9.7 60° I oflar @7 o7 q=FE = r’(w/6 — +/3/4)
<7~ Hewrzis = nrXlé) H3yer 0OAB FHeTg: (v3/4)r*] giaz = nere(lé — v3/(a7)) =
r’(r/6 — v3/4) |

.8 Fear r o O & JAE [HYeT] STFA BT JJUIT?
IAT- el = ry3, AT GTHT = (1/3/64) x 3r* = 34/3r/4| IFUTT = 34/3r*/4 + 7172
= 3y3/(47) = 0.913 |

9.9 g # a9r
I<IT- fadmol = 2r, §IRIT Jear = 2r* = FIWST| SFFUIT = 2r*/nr? = 2/ & 0.637 |

.10 o # Ye3er

I~ eIl r o B JANE Bet: 6 x (3/4)r* = 3v3r)/2] 3/quid = 3y3/(2T) =
0.827 | TE T 3 & IR &1 3lah gIal & FaANan YCHT ohT STheT 3T
THSTE 3¥eT 7 g3l &I &l

AT & Jid H graett (Fo1 ART)
U.) JHBFH137 3 JARCT FISoT
IT- (a + b)?* = 0> + 2ab + b? YoIT o + b &7 T T3 & &I 4 T3l & BT &)
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(a+b)a-b) &0 a x a @ gaf o IR BT 3 b x b g2T @V L-3HRT )
21 3TN & FH1EHT HTeT-a91e7 75, ar (a + b) x (a — b) FT AT 1T &
(a+b+c)d oD geaTa + b + c FTadl 3 x 3 6TeT H HaT &l gabs a%, b?,
¢? 317 ab, be, ca 5}'477/

a+b

a(a-b)

blat) a=b a b

(a+b)(a-b) = 2% - b*

ac be c?
ab b? eb
a? ba ca
[a+é+c}237_ ?W

9.2 JHZHTE, TRATT 40, SR e 1S
I<IT- TR = 40 — 30 = 10] F=rg = 225 - 25) = 1042] &5eT = Y5 x 10 x
1012 = S02 =~ 70.7 AFP (T s = 20, V(20 x S x § x 10) = /5000 /)|

U.3 JHGATE, HATER 10, GTHA 60
I<IT- 15 x 10 x h = 60, FHfIT h = 12] SRR §ea1 = LS? + 122) = 13 FHT |

.4 JHBIT 3et, GTweT S4, T il 12
IJR- G YoaT = 2 x §G + 12 = 91 0 = 144 + 81) = IS GRATT = |2 + 9 + IS
= 36 2t |
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.S el 2 3 ¢ 4, URATT 4§
- YTl 10, 1S, 201 s = 22.5| YFFT = f22.5 x 12.5 X 7.5 X 2.5) = 75:1S/4 =
72.6 AHP |

.6 3367 7, 24, 25: ar A& &
I JHFIT YT (49 + S76 = 625): Vo x 7 x 24 = 84 A |
87T s = 28, (28 x 2] x § x 3) = 7056 = 84 WH? /|

.7 HISIHET & GRH T R_T 60 I, 100 T
- TR = 22/7 x 60 = 188.57 At g = 100 x 183.57 = 13357 I+t =~ 198.6
H

9.3 YR 66 AHT arer a<T T AJHUIT
IJOT-r = 66 x 7/44 = 10.5] &TFeT = Yy x 22/7 x 10.5* = 86.625 HAL |

.9 H7 & Uiy & Heur 23 IH!
ITT- TF Tdh7 = 2 x 22/[7 x 28 = 176 d} | | 5 = 100,000 I+, AT FahT
= 100,000 <~ 176 = $68 |

T.10 &57her 317 URATT 1T §RTei%: F21T AT JAaTTHT 7
M—Wa,baﬁa+b=p3#€ab=A/a3Tf?b?7?#Wsz—px+A=037'
#HoT &, 3t aiet Lo, b3 T &1 &, e Fafara#

) FHIGT T A FHACT AGeT FT Skl
IR~ HHEIT ) g Al Ferea? wrg gl SR (a + b) 3R SIS h w57 FHIR
Tg3feT 5T & TFAT ITHT 3T & Yola + b)h |

.12 TS @) & el # gicah?
T faw0h F 3 YT gt &, STTe7 a 3717 b, SI1§ h a&t] ST = Vsah + Vobh =
Yola + b)h |
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.13 Zr AT THAAT I FHIIT T
IIT- I AT DI 130° FATH UF YeIl I &S g1l FHIR TGl &7 TR = a +
b, IS = h, gFweT = (a + b)h] TF J#AeiT = Yo(a + b)h |

.19 T T STHST = Vo % dy X d;

F- (i) HefOIT: fawof FHBIT G e & SHaT fAevr dy 7T x 3Ty & Fear &
x+y=dl FTRYT Vo xdy xx+ W xdyxy=1dd>|
Gii) STRIT: ggar & =IRY 317 dr x d» T TAT g7137Y) UG Sl I ST B
aireft &

Y.1S UHTST JEc7<T

Fa%- (i) oI 24, 2b: ST Yab, TR Il ABCD @I 4 GiaAT 3T areft & (2 x 2)
/1
(i) 39T &) sgemm> g1 et x 41 #7ear g alvesr W 4 Fataras o Fyer
§oId & §IIT 4 gfaar 3T ardt & v |
Giit) sgerms 1Qatl: $ITweT x 91 T3t @b et seTeR STl H iz 9 Fatarrr
Byyer aoir & ST 9 g T ot & 7

Y16 J9TT g37T T TobcIalr?

I2- T 6.43: P % §JaT T 7y 18g & @ 3% S gt yjerm & FAsireret falg) samr
T3feT A3yer 7 12 &1
%6.94:%2,w2x+g=23#?2x+y=43-7ﬁ/9ﬁ?!?7’5’3’f37'€ﬁ5f
0.9, 1.2), (1.2, 1.6), ... & FHIT YIT* = 0.3] 4 HF T 0.3 = IS |
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I 6.43: 3T 79T = 1/2

I 6.44: 33T 19T = 1/5

.17 3799 #H o<
IR~ T 6.4S: 6r x 2r & AT H FeATr & 3 gef: 370 + 12r' = h |
A 6.496: 8r x 2r # ¢ o<t g7 < 16r2 = /4 |

900

R 6.45: 39T
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E’.I?Uﬁv’#n ad
I<IT- AT = 2nr x 2r = qur?] g = nr?| A = w/y & 78.5% =18 10, 20, SO AT
P o n & n HE IaT & SAIT W n & foir [g & )

9.9 5 37T, G AT BT ST 72

I &7 DIE AT HF JAC | g7iz w Al HWR Ht Gfh 7 4 o2 go l, A= s T wl
oIes SRIER: 4l = Sw| FTFHA: Uw = 72, lw = )
| = Sw/b, ar Swq = 8, w> = 32/5, w = 4:10/S, | = 0]
GRATT = 2() + W) = 2.x .30 = 1810/S = 11.38 AT |

9.20 3rerer aret 3yer awmaw &

I<IT- ot 37z AT 38JeT T ofit A TF & e BP = QC (37TeR & offeT avTae
) 7R 18 Tah| AT SFher SIaT &E|
QIRT iisa % 1oIT: sflor 3eyeT Y 3@ g1 et germsit & weor fag avse
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