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Historical Note

Geometry is one of the most ancient branches of mathematics. The Greek geometers investigated
the properties of many curves that have theoretical and practical importance. Euclid wrote his treatise on
geometry around 300 B.C. He was the first who organised the geometric figures based on certain axioms
suggested by physical considerations. Geometry as initially studied by the ancient Indians and Greeks, who
made essentially no use of the process of algebra. The synthetic approach to the subject of geometry as
given by Euclid and in Sulbasutras, etc., was continued for some 1300 years. In the 200 B.C., Apollonius

wrote a book called ‘The Conic’ which was all about conic sections with many important discoveries that
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have remained unsurpassed for eighteen centuries.

Modern analytic geometry is called ‘Cartesian’ after the name of Rene Descartes (1596-1650)
whose relevant ‘La Geometrie” was published in 1637. But the fundamental principle and method of
analytical geometry were already discovered by Pierre de Fermat (1601-1665). Unfortunately, Fermat’s
treatise on the subject, entitled Ad Locus Planos et So LIDOS Isagoge (Introduction to Plane and Solid
Loci) was published only posthumously in 1679. So, Descartes came to be regarded as the unique inventor
of the analytical geometry.

Isaac Barrow avoided using cartesian method. Newton used method of undetermined coefficients to
find equations of curves. He used several types of coordinates including polar and bipolar. Leibnitz used
the terms ‘abscissa’, ‘ordinate’and ‘coordinate’. L’ Hospital (about 1700) wrote an important textbook on
analytical geometry.

Clairaut (1729) was the first to give the distance formula although in clumsy form. He also gave the
intercept form of the linear equation. Cramer (1750) made formal use of the two axes and gave the
equation of a circle as

(y—ap+@b-xp=r
He gave the best exposition of the analytical geometry of his time. Monge
(1781) gave the modern ‘point-slope’ form of equation of a line as
y-y =ax-x)
and the condition of perpendicularity of two lines as aa’ + 1 = 0.
S.F. Lacroix (1765—1843) was a prolific textbook writer, but his contributions to analytical geometry

are found scattered. He gave the ‘two-point® form of equation of a line as

v b2l
o —a
p—ac—b
and the length of the perpendicular from (o, B) on y = ax + b as /1 + al His formula for finding
(d-a
angle between two lines was tan 0 = 1+ ad | It is, of course, surprising that one had to wait for more

than 150 years after the invention of analytical geometry before finding such essential basic formula.
In 1818, C. Lame, a civil engineer, gave mE + m’E’ =0 as the curve passing through the points of intersection
of two loci E=0and E’ = 0.

Many important discoveries, both in Mathematics and Science, have been linked to the conic sections.
The Greeks particularly Archimedes (287-212 B.C.) and Apollonius (200 B.C.) studied conic sections for
their own beauty. These curves are important tools for present day exploration of outer space and also for

research into behaviour of atomic particles.
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5. gl P (4,2, —6) 2 Q (10, —16, 6) <L %l4cll ilvied, Blotgt sl Bigiel 2 2dlHl.

uslol Gelgwll
Gergnl 11 = ld 520 5 [Bigll A (1,2, 3), B (-1, -2, -1), C (2,3, 2) 2L D (4, 7, 6) 1 AHIAROUY AL

ABCDHI BRI 9 uq dotdiraul [RRiGig>il ll.

B54 : ABCD A AMid2011% AL ollddl HI2 A1HAAAL 61ogiedl 1Y 431 8 d oldidg 33 8. 2],

AB = J(-1-1)*H(-2-2)>+(-1-3)® = J4+16+16 =6
BC = 2+ +3+2)%+2+1)>  =9125+9 =./43
CD = J4-2>(7-3+6-2)> = 4+16+16 =6
DA = JU-H>+2-7+(3-6)>  =+0+25+9 =/43

e 9 5, AB = CD -l BC = DA €lcl2ll, ABCD L AHIdR01% AbsleL 9.

¢4, ABCD doi2liRat 2l d AlBid 5309, d-tl 112 [Asell AC 14 BD 23 -2l d ulid s34,

8, AC= J2-1+(3-2>2-3)? =1+1+1=3

BD = /(4 +D)%+(7+2)2(6+1)% =25+ 81+49=/155

w1el, AC # BD slalel ABCD doidixy el

N (SN

-4 | [Asell AC 24 BD 21s6{loaq goudl 8. d e+l Guaiiol s34 usl ABCD AHidR061%y Aqb5ial © 14

oldlell wslA.

Gelgnl 12 : [Bigal A (3,4, -5) A B (=2, 1, 4) 2l A3 HdR €1y dal [Bigil P <L awei, A43{lse il

B54 : 121 5, PA=PB ad dd 51 Big P (x, y, 2) 9.

ed, \/(x—3)2+(y—4)2+(z+5)2 = \/(x+2)2+(y—1)2+(z—4)2
A (x=3)2+(y—4)>+(z+5)° = (x+2)°+(y—-D)’+(z—-4)

Heldl 10X+ 6y — 18229 =0.

Gergnl 13 :[Big (1,1, 1) 21 sl ABC o H55 69, %L A 24 B <l i 24454 (3, -5, 7) 2L (<1, 7, - 6), 1A

dl (g C L 21y dlHl.
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B5a 1L Big C oAl A (v, y, 2) © 214 BL§IeL ABCHL qeudegell A1 (1, 1, 1) 9.
Y x+3_1 N\ Y y_5+7 \ NN Z+7_6 N NN
L2 T:I,uaas,xﬂ; Tzl’ ved s, y=1; T:I,b{aas,z=2.

/]

213, [6ig C LA™ (1, 1,2) 9.
uslel 2y

AB,—1,2), B (1,2, —4) 2 C (= 1, 1, 2) 2 AdRe1y Ads18L ABCD i RiRi(Gig»il €1y, dl 2llau
(R[G5 AL A1 Akl
A (0,0, 6), B (0,4, 0) 1 C (6, 0, 0) [B121[Gig2tlano Busiei-dl seaousii-l deils il
APQR i RGP (24, 2, 6), Q (— 4, 3b, —10) 1L R(8, 14, 2¢) 14 dal quss Glamlely €y, dl
a, b e ¢ Ul Hedl AL
(Big P (3,-2,5)8l5. /2 »id2 tiddl y-218 uaril [Big-l A1 2l

P2, -3, 4) 21 Q (8, 0, 10) L %scli vl U 2uddl [Big Rl x-41M 4 S1d, dl [big R <AL 21 2llHl.

8k+2 -3 10k+4\]
k+1 k+1 k+1 /'

[AAL: 4IRS R L PQ o 2RUR k@ 1 L [Acuet 53 69, dall [big R L s (
A A (3,4, 5) 2 B (1, 3, -7) uta [Bigyil id. dl A Bigyil P i Big owied a3l dadl §
el PAZ+ PB2= k2 2. Ul k 240 €9,
AR
& BrulRaeml, aimiell 21 dolla dM-Ugldul URu dol3vizil O, el x, p 24 z-218l 58 9.
@ 2180 %18 iRl FBLA 23al AL AUl AH-AHAAL 58 8. d XY, YZ 244 ZX-4Hddl 8.

@S2 A1H AHAAL AASAA U8 ARIHL [AGUPd 52 9. URLS GUIL AR d]S 0y €9,

& Brulaelly oyffaul Big Pl dim 499l 14 243U (x, 3, 2) dls dvid 8, 2], x, y 2 22 2sH Pl

YZ, ZX i1 XY-2:dded] >l eald 8.
® (i) x-28 u-L 1S uR [Big 2@3u (x, 0, 0) 9.
(i) y-218 vl 515 uRL [Big 243U (0, y, 0) ©.

(ii)) z-2A8 Ul 515wl [Gig 2a3u (0, 0, 2) 9.

2 [f\:{ébfl P(xl, Vs Z1) e e Q (xz, Vs 22) C@ﬁi ldR PQ=\/( Xy — X )2 +Hy,—y )2+( =7 )2

@ [Bigall P (v, ¥, 2,) 21 Q (x,, ¥y, 2,) L el Ui, 2icd:(Aeel) 2 oted(otgRell) R m - n W

[Acegt sl Big R AL 43 2Aeisi 12 wuidl galdiy 9

s s s
m-—n m-—n m-—n

mx2 + nxl my2 + l’lyl mZ2 + l’lZl ~ mx2 = nxl my2 = nyl mZ2 — nZI
: 2
m+n m+n m+n
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. ~ N N ~ a . . X tx Yy +y 7tz ~
@ Bigall P(x,, ¥, 2,) A9 Q(xy Yy 2,) A U4l Iuvigeil HABigetl An ( L > 2 2 > 2, -1 > 2] )

& Busiiell [RABLE2L (x,, ¥, 2)) (X, Vo 2,) AL (X, Vs 25) S1A b BLSIBLAL ML Ergrl 2

il >

(xl+x2+x3 Ntytys 21+Zz+23j 3
3 3 3 ’

Historical Note

Rene’ Descartes (1596—1650), the father of analytical geometry, essentially dealt with plane geometry
only in 1637. The same is true of his co-inventor Pierre Fermat (1601-1665) and La Hire (1640-1718).
Although suggestions for the three dimensional coordinate geometry can be found in their works but no
details. Descartes had the idea of coordinates in three dimensions but did not develop it.

J.Bernoulli (1667-1748) in a letter of 1715 to Leibnitz introduced the three coordinate planes which we use
today. It was Antoinne Parent (1666-1716), who gave a systematic development of analytical solid geom-
etry for the first time in a paper presented to the French Academy in 1700.

L.Euler (1707-1783) took up systematically the three dimensional coordinate geometry, in Chapter 5 of the
appendix to the second volume of his “Introduction to Geometry” in 1748.

It was not until the middle of the nineteenth century that geometry was extended to more than three
dimensions, the well-known application of which is in the Space-Time Continuum of Einstein’s Theory of
Relativity.
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[ @i @saq |

“*With the Calculus as a key, Mathematics can be successfully applied to the explanation of the
course of Nature — WHITEHEAD

13.1 wrdlas

2L USW SAAURAL UAAS . FHL Yo [A8AAL He -l HedlA Adl $5 11
23U [ABAL HelMl adl 32812 (A9 (Gl 2ud 9 aufRid-l idl v
serial 8. 2URl [Asan-l cAlRd vl (d-l vl s a012)udlel. IR
olle HUURL dateil AR0L vl leL 2t daiil oflouRid-l e 5309 U
ol 2UURL [Asa-l uval uR il 308 e (sl oflaouRid-l x2eui

30l 2Uusl sedls WHURA (@i [aslad Hadlsl,

13.2 [asa- aslys v :

clllcLs(Astirl WAL gll 3 UHIR 24 D % Gluts uel uidl ueld 7 As=H

Sir Issac Newton
(1642-1727)

4.9 £ 2R Fed a2 S0 B 2ald usld sld Hdr s (Hledi) A wuy
¢ (As=i) [@BY B, A s = 4.9243 galdl as.

Y 264 i HiUd 51025 13.1 @utg uel widl ueldl el ggl Aswel AMAqL0UHL Hl2aui 51U HdR gald 9.
arll S 20 Ml uell £ =2 Aswiell U¥A Ugtelll Aol AHALAL D, 2 Ul G3e Aonaaidl s Dd £=2 Aswiell
AMAUAL 2id el Bl AHLIUOUHL AU A2 U 512l 1A 8 el 242 A2 5 d =2 A= HAdL dotsil

Wladl v,
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(=1, 1 = 1,2 ARAA AL B £ =1, el £ = £, A5 SUAE VAR 2 (1,— 1)) 1L IRLTR 6. tell,
way 6 Ag=seil A2 A9

5@ 13.1
ty=2 A £, =0 a2 5AA R t s
- AHY Hdud (fp — 1) 0 0
(19.6-0)l . : 49
= =98 A 1.5 11.025
(2-0)x
1.8 15.876
N N NN N 1.9 17.689
L% Ad, 7= 1217 7= 2 423+l A9 A2 1.95 18,6325
0 2 19.6
19.6— 4.9)3 .
(196-49):0 HA 2.05 2059225
(2-1)a 2.1 21.609
2L % e, A AAD £, HI2, £ =1, 2L £ =2 A=Al 4312 4oL Al 22 23.716
R N . N N N 2.5 30.625
asid. 1A s1%es 13.2, 1= £, Asw8 A =2 A=y 4221 AU A3 (v) 3 441
21U €9, 4 78.4
51w 132
t 0 1 1.5 1.8 1.9 1.95 1.99

v 9.8 14.7 17.15 | 18.62 19.11 19.355 19.551

UL 5102 13.2 U2l o sl 5 A9 AL $HU: AMdl U D, FL BUBL £=2 AU vid WAl
“ell AHAOUU @SB cll AR 7= 2 2AU0L0L-L ALl A AR VAU U HIRL S 1.99 A5S A 2 Ass AL
AHUOUOUHL 59 % U (12 §l2) ot el 2R dRell ASlA & £ =2 A5 d21 19.551 {2l &L asR 8.

{12l orRidRal L ARl 2l A8, Hogeyd U9l £ = 2 Aswsall A AL Fel Yel AUHANNUHL A2 ddi-]

ATl 539, SN WHIBL £=2 Ass 2l £ = 1, Asms UL AU A3

LASTS 2 2 Asms A2 sl SR

1y — 2
LASHL SUA 2 —2 A5l sUd 2R

f2—2

1LASHL sUE id — 19.6

f2—2

c

Al 51028 13.3, £= £, A58 2 £= 2 Asws a2AL ARRAA Aol v H{A Ui sald ©.

525 13.3

1, 4 3| 2522 21 205201
v | 29.4] 24.5(22.05/20.58/20.09( 19.845] 19.649

2], 5302l 2iuel AiHle &7 =2 ol 43 Addl AL AHA SdRAA {2, 7= 2 AHLAAL AL AY, AIRL
wle HO 69,
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uaH ARLARIHE UURL £ = 2 YL ddl AHAALAL s=491
BAAAH] AU AL AL oA =2 UL 515 % HAAS  foeecmmmamaaaaaa

A AAU[RA 52512 Al A2l dH Y o ollow dRidui :
t=2ugdl 7= 2 Y4l Al AHAIUIUHL UL SIS % HAALAS tei

AU 32512 Al 2l dx 8 . Hot clllsfasuq-dl 2a

2id-218

(G202l 2l o 12212 Qourl Asllall 18 % dain 2uad ©.

UL A Ad ARl WSl 5, r=2 qAAL QAL 2L [T =16

19.551 Hl/A 2t 19.649 /A 42 ¢l ds<llsl d s¢l

1 M >t

0 / 2 2+t 241, uHU-AE

2usd 13.1

ASU 5, =2 U0 2L 19.551 HA 24 19.649 /A a4
sl L dl oaelld © % 4o 2 auntiarel €2 ¢9. 2l >Uusl
2yl draell s,

dol ¥l el el AHA SUldl RS 2idel dlcatBls AHY AL 3812+ €2 9. 2UuRL 58 AL &
R [A8Y 5 = 497241 £ = 2 2N (A5’ < 4L 19.551 21 19.649 422 ¢l

Hisl 13.1 40 @il [ Harnaidl 21 2s dsfeus ol 9. w1 Hid v duisdl 211 ul usdl ueld
el Yel UMY £ avid S1UA 2dR s Al O, AuU-L SHduadl AR Ay, h,,..., BH LA 2dds dy 23
datsil grll weL i1 % dLRITRL g1l oirdl el

CiB; CyBy C3By
AC, " AC, AC;’

ool AL,

[

HELC,B, =5, — 5,5 b, = AC,, uxuouou4i uetdl siid »d 8 adil. sl 13.1 2 FBEd A dirdl
As1d 5 i Ad oAl ARl as usiL [Blg A 21101 5L sl et 8. oflo ALl s dL =2
A3 sl dicetl®ls dot v() A s = 4.92 dAsel 1 = 2 A0l UL 5L 600 F2dl 8.

13.3 a&

gl AR d? rediyds Axesdi-il %32 8, id 2iuei 21010l 221 u2all U oeu B, U8l Seals
BeleRell uRell da-il A1l s v Hadlel

(8% f(x)=x> Al %> 5 ¥ x o Hed 0 <l A5 €l d3 f(x)ugL 0
“{l s A B, (Y 25l 2.10 W5WL 2) U8 561 wslA &, /

lim /(x)=0 (0,4)
(M x Aol AAAA d¥ () L daL 0 6l dH dA). S, BH x, 0
dl di (A8 f(x) 4 1L 0 8 dd, Hquie 530 s

aus Ad, FUx — add f(x) = 1, AL/ QE4f(x) 4 e sdad

6. 2L WSl AsdHl lim £ (x)=1 2™ Qv
X—a

X'€
y N 2 AN V(.—Z,O) O
A% g(x) = x|, x 20 L @212 531 %Al 3 g(0) curvalid v
3 ENEEEN . . Y'
Aol x {1 (Bud 0 il 8sll w5 adut dl g(x) -l yeurl awidl sl
2usld 13.2

w1uBl A4S Al d 0 -l Aws wdl oy 9. 1], lim ¢(x) = 0.
X—
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LAy =[x, x 20 <AL S0cv uell @R 2ure Ay 9 (il 2usld 2.13, wswL 2).

x2

-~ _4 ~\ N
gd, h(x)= > , x# 2+ [aaR s

x_
2 <l aell dows (Ui 2 l8) ¢l ddl x <l Budl s Aex) <1 odl st ddl widl ast 5 eiHl

o [5udl 4 1 s . »tel, 2ula (@8 y = A(x) -l 2idv w2l d ay 2w a9, (gl 13.2)

~

2L 6idl % BeleRUAL [A8u x = g 2010 Yed, x 2 g - 8 Ad viaal © d-l u 2uaRd -l

e NN c N

Al 3 x 2 aq g6l el gHell suogal i 6 Ad v 9. wAld x Al dHH Y@l 3§ g el Aws
8 d adl el A @ 4l AUl 8l as. aeufds Ad d o da ds el O, wHel iy dsl wie
ol ouyei @t [@8Y £(x) L wHell olgHl dal gl Al Y&l v x, @ A el oyl ds AR HodL

FE) AL Hedl weal 9. 2 % Ad, ol elgHl @ad GelsRl wuual, [@hy

1, x<0
; Y
f(x)= \ 5 A
2, x>0 A [qaR 5301,
2 y=r(x)
drll A sl 13.3 1 salda 9. Q8% £ AL x <0 gL HadLf(x) 4l yedl 0.2 ¢
Avidl 2 U 9 % £(x) < 0 210 Yed 1 A 2ald A8 £(x) 4 0 2u010+ giefl —d0,
| daL lim f(x)=1 dx quua.
ey aa lir Oj (0)=1 dx avuy X' € >x
L 9% e, (38 fl x> 0 gl MOl £(x) -l Yedl avidl d 2 9. Aald, [ \Y’
S(x) <4 0 a0 el sy da lim f (x)=2 di avid.
0 2usld 13.3

2L (AL <ol dan el iyl dstll Hedl Q0L € i 22l 20Ul sél
A5l & (A8 £ (x) 4 @at x,0 A - AR wsd el (A 5 248 [Q8U x = 0 a1 cpvalid 9.)
A1Ri

<l adl qoll euogel x <l Budl e lim f(x) 2 [@8% £l x = a 21010 AUfad (Bud .
X—d

x ~lael ol euggfl Baudl w2 x -l a suan »ifad Bud lim £(2) o,
A l6ll 24 HR{l Gl datl HEl AL €1, dl 2L AR Bude f(x) 4 x = @ 200 48 sS © dal
d-l A3d lim f(x) 9.
Xa
g2ld 1 : [RAYL(x)=x+ 10 «il [R21R 531 28 211 QA x = 5 21010+ e 9lHle), 20wl el x +ll Bd
5 <l el o dws $ld QR [@aBY f(x) Al yedl idlel 5 ol sioll s+l Sedls (5udl 4.9, 4.95, 4.99, 4.995. .,
QA2 B, A Bigil o1 [A8UA] Yedl AL Siresi saldd 9. 1 o Ad Ardlas vl 5.001,5.01,5.1

5 ol il dRsell sl Bigil 9. [QAUHL 21 Bigil o0l Hedl vl Sies 13.4 4l saidd 9.

5025 13.4

X 49 | 4.95 4.99 4.995 5.1 5.01 5.001

fx) 149 | 1495 1499 [ 14.995 15.1 15.01 15.001
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stves 13.4 uell, »0uBl x = 4.995 3 5.001 a2l Bud udl drrdl asla § x = 5 220 f(x) 4,

wed 14.995 sl g 21 15.001 sl Ul ¢, L Hidd d19d 289 5 (A8 f(x) L x = 5 21010, Yed

5 <fl 4100l euogefl Arainil W2 158 vialq, lim f(x)=15,

2L % Ad B x, 5 el drgell Al A f(0) ) He 15 A asd walq, lim, (x)=15,

202l (A8 £l gioll dat wHall suyg-l dadl Hedl 15 $id d Aeifad ©.

i, lim_f(x)= lim f(x)=lim f(x)=15.

NN

2L AU S, e Hed 156 d gl 2.16, w51 2 L >idv el i ay AR Ad AHw wslA.
2L igle wedl, >usl AiHlsl 5 B x, 5 il x1adl wHRll ol el 2idsl Ay f(x) = x +10 L 2idn

(Big, (5, 15) A 2-dal. 2uusl wls wslal & [A8ad x = 5 2100, Hed usL 15 9.

ald 2: [Q8U f(x)=x3 dl. 28l x = 1 240100 a8l Aolaall Yot 530 U100 WHISL 2Uus] x <l 1
ol Aos-l Budl Hie f(x) Al Hedld sives ol (il sives 13.5)

51025 13.5

X 0.9 0.99 0.999 1.1 1.01 1.001

fx) | 0729 0.970299 | 0.997002999 1.331 1.030301 | 1.003003001

sires uel 2Rl dRdl wslA § f o x = 1 2910 4ed 0.997002999 2l d¥, - 1.003003001 =l
Al 89, g Hil dS¥ 5 x = 0.999 vt x = 1.001 422 59 % HAU[Ed e ol 2ual, vid viquId

52, ool © 5 [A8Y £(x) <L x = 1 2u010 Sioll oy s 1 9. xald

lim f(x)=1,

x—1"
Lo A, FH x, 19 ol ologell AeAed du uBL £(x) Hed 1 ot Hald,
lim f(x)=1
x-1" )

2ol sl ASA 5 f(x) o Sloll oyl dal 2 wHRll el dat AN B A o 1 w2d ©. Y,
lim f(x)=1lim f(x)=lim f(x)=1
x—>1‘f( ) x—>l+f( ) x-l1 f( ) :
[A8a-l 20dv (sl 2,11, U580 2) Al daid e 16 d i@ Aue- 4o 9. 2 gl 2uusl il

5 o4 x ol 5 wurll oyl 1 4 adda du f(x) = x3 [@8a-dl 2iidu [Blg (1, D 2as o,

2URL Yet: S WSl § [ABa x =1 2000 @a 19

g@ld 3: Q@AY f(x) = 3x dl 20udl 24l QAA- x =2 219100 dat il Yuet $3o1 {3 $es 13.6 ¢d
WY W 6,

5125 13.6

X 1.9 1.95 1.99 1.999 2.1 | 2.01 2.001
fx) 5.7 5.85 5.97 5.997 63 | 6.03 6.003
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N\ . N\ Y N N\ N Y Y
10 S ol dx x dlefl 5 el suyel 2 A wdaa dy [Q8y
£x), 6 Ada du @l 9. (0, 6)
lim f(x)=lim f(x)=1lim f(x)=6 3 il 2usld 13.4 g12L
X527 x-2* X—2
N e X € oo >
AL dladr AHYA HY 89, 0 2, 0)
2el, sl 20Ul il $ (AU x =2 20 HL A ¥ x =2
21010, @t 8.
Y!
g@ld 4 : 220 QAU fx) = 3 -l AR 530 x = 2 21010 dat el wsld 13.4

et 530 2L (AU 200 Slend]l olfl o dedl qui BHd (2 BRuwml 3)

NN

wogl. el 2 <l Aesnl Big M2 d- Hed 3 8. 2l

lim = lim =lim =3
X—>2_f(x) x—>2+f (x) x—>2f(x)
F@) =3 -l 21dn (0, 3)Hial U1 Ul x-a AHidR vl D d 150 2.9, UsWL 2 glRL sAldd D, »iiel

usL 2 €9 5, %33 dat 3 9. vcoid AdelSul dirdl usd 5 516 UL ARdlds AvAL g e Tim f(x)=3.

x—d
geld 5: @AY f(x) = x2 + x <l Q2R 530 20ud lim f (x) qadd 6. sl sies 13.7 Wl x =1+l
x—
A5l GHdl e £l yedi-l [@aR 309

5125 13.7
x 0.9 0.99 0.999 1.2 1.1 1.01

f(x) 1.71 1.9701 | 1.997001 2.64 2.31 2.0301

2L U2l diad 4o 5,

Y
lim f(x)=lim f(x)=lim f(x)=2 A
x—>1‘f( ) x—>1+f( ) x—>1f( ) : 4
FO) =x2+x L usld 13.5 wi salda 2ndv u:ell 3
NN A\ N N\ N N N N\ y=f(x)
R 9% FU x, 1A 2AAd dx AN (1, 2) A A8, 21--
2081, L uBL A s 5, 1t /.
. — 1 X! Z. L \X
lim /() =/ (1) “2 o~ o1 2 3 o4 50
v
8d, A2l 2L oleididl 241512 53U - Y'
2u5ld 13.5

limx* =1, limx=1 2 lim(x+1)=2
x—1 pedt x—1

2, limx? + limx=1+1=2=lim(x2+x)

x—l1 x—l x—l1

. . 1.7 — R T 1 2
a2l limx. lim(x+1)=12=2=lim[ x(x+1)]=lim x* +x].

X—1 Rl Rl
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glel 6: QAU £(x) =sinx dl 204U Tim sin x, QEHE 22 D, 0] vRl- 1Y UL B,

T
X
2

3 ~ T ~ . NN . ~ A
], 2ALusl B Al sl £(x) -l Budl (Hellsd) Hied sires oidiclal (51328 13.8). i uRell, »uul

iRl asla 5 lim_f (x)= lim,_f(x)=Tim f (x)=1.

X—— X—>— A==
2 2 2

qofl, A15(d 3.8 (U5WL 3) | R £(x) = sin x =L AL U] HL llotd AMAA 1AL 9, i (BT uRL

w18 A Al 5, lim sinx = 1.
g

X
2

ses 13.8
s T T T
~-01| =-o001 Z40.1 Z+0.01
X 2 2 2 5 100
F(x) 0.9950 0.9999 0.9950 0.9999

a@lel 7: @AY f(x) = x +cos x +il [Q22 531 sl liné S (x) 2liedlel.
X—>
2], UUBRLF(x) il 0 <l dsil Budl (ellea) e siwes oi-idle (sies 13.9).

5% 13.9

X - 0.1 —-0.01 —0.001 0.1 0.01 0.001

f(x) 0.9850 | 0.98995 | 0.9989995 | 1.0950 1.00995 | 1.0009995

S1%s 13.9 U], 21uBl dRdl usl §,
Iim f(x)=1lim f(x)=1lim f(x)=1
x—>0'f( ) x—>0+f( ) x—>0f( )
28] uel dlrdl asld 5 lim 7(x) = £(0) = 1.
X—
e, i 1AL (Mol v 2ddl 12 HiARs Ad duiR 9L %,

lim(x + cos x) =limx + limcos x 2 WILR A 97

x—0 x—0 x—0

° 2 o 1 =\ g Y . ~ .
a¥lcl 8: x>0ue [@Qy f (x):? Al (3212 520 >uusl lim £ (x) e{lel.
—

2, Aadlst 52 5 [@AAAAL UL dHIH U ARl Avail 8. e, 208 B fx)d Ses dulR
s A3 x 2 0 A dofl ougel i © A sdaedl 24 Al 20Ul {12 x L 0 %l Aesl 4 Budl Wizl
Fo-L Budl Wiz sives duiz s30. (2L s1esl n 51 a4 yalls sald 8.)
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h—0

i 22+0)-30)

h—0 h
. 6+3h-6
= 11m —-—-—-
h—0 h

= lim% =lim3=3
h—=0 h  h>0

(@84 3x 4 x = 2 20100+, [Asled 3 ©.
Gelgel 9 : [A8% £() = 22+ 3x — 5 L x = 1210, [Asl@d Hl dan Bid 525 £ (0) + 3 £'(~1) = 0.
B5a : 2u8l wuH R F(x) Al x =—1 2 x = 0 2101041 [Aslad s,

f(-1+h)-f(-1)
h

f'(-1) = lim

h—0

[2(=14 R +3(=1+h)=5 | <[ 2(=1)* +3(-1)-5]

= lim
h—0 h
2% —h
= lim
h—0 h

=1im(2h~1)=2(0)~1=~1

. . f(0+h)-f(0)
2 ') = lim P

[2(0+h) +3(0+h)-5]~[ 2(0) +3(0)-5]

= lim
h—0 h
. 2h*+3h

= lim——
h—0 h

=;lm3(2h+3):2(0)+3:3

ey, £'(0)+3f'(-1)=0

2l doiss Adl 5 58 Big 20 [Asl@d il qadl qeuotl Hasidl A8 Gudlel

2L €9, ALY BELEREL 2L Glclld 69:




a8 2+ [asad 283

Bels2RL10:sin x 4 x = 0 > [Aslid kL.

Bsd : WAL Y f(x) = sin x.
f(0+h)-1(0)

w9l £'(0) =1 p
~ lim sin (O+ h)—sin (O)
h—0 h
_ fim 300
h-=0 }h

Gerge 11: [@%df(x) = 3 L x = 0 2 x = 3 2020 [aslad ikl

Gia - [aslad 2t [QAU1 adl 33512+ €2 B, ], uay e[t Ad e © & wan QAU uds Biga [@slia

g 2, {12 o@alel 241 qiReA AHA HA B:

A h) £(0) _ .0 _
f(O) h—>0 h—>0 h _}tl—r}(l);_o
5 fB+h)-£()_
s, () = lim I i 322

N )

gd, wuel 516 gt [Asfd-l Aseudi- oifilas 2eee 539, ARl 5y = fx) 25 @AY & 24
P=(a,fla)) »1 Q= (a+h,fla+h) [E8dAL 21dW WAl 6L 125l [Bleil ©. 24 gl 1311 %

. N Y
AU €9, A

flathy p=mmmmmmmaaan (ath, fla+th))

h)—
248l ARl Sl 5, f'(a)z}tir% flax z /()

P (a, fla))

BLsioL PQR uRefl, 3 2uwe 9 5 »uuel o da el fla)p - === - - - iR
3 A ol B @l PQ il alol fan £ QPR %24l . y=f) E
agil UBAHL FU A2 0 A Al du Big Q A P A oz a a+lh >X
a2 e, M 23l 13.13
e

-\ N

L Slsdas y=f(x)H2 DAL PQHL P 2U0L0-AL 57 24etdl B d I A4 As14. 212l da sl 2l
o142 . 2Uell, f'(a)=tany.
e [@8Y £ o 2481 dril ued-il uds Bigyt [aslad 530 sl dld 218 d [y euvalid s2. d-

£ [sfad sdad, »iuanls Ad, >uud [@slEddl a2 uxdl el

QAL 2 ¢ 4Rl 5 [Q8A f ardlds (494 9. A aad wldc ¢ld, dl

lim f(x+h) f(x)

h—0
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A (@84 £ x daa- [Qslaa s€ly 21 A= f(x) a3 saldlel, cuvae] altudl [Qslaqd yay Rigiasl 1ade

[aslaa s&ly.

Q’U."l., f’(X):hE)%f(x-'-hlz_f(x)

RN S N

% UBAHL GUL da MOl d £'(x) «{l vl uza 9. QAU [RsRdA saladi el vl A43dL 9. edls

' N d > NN dy c NN N C R b N
Avid £ (x) d—(f (X)) 2l %y = fx) dl d 7y GRLEAA O, drl el FE)adly < x - e [aslad,
X X

b NN N R N df S
M A A D (F(x) ) a3 v gl aoll, fix =a a0 [@sfad % f(x) Yl —‘ wtcu( I ) al
X=a

yeL salaly 9.

BelgeL 12: f(x) = 10x 4 [aslad Aaal.

Gxa:  f(x) = 11mf(x+h2_f(x)

0 10(x+h)—10(x)

h—0

= hmﬂ = hm (10)=10
h—=0 }h

BeldaRL 13 ¢ f(x) = 2 <, [Aslad Hadl
f(x+n)-f(x)
h

Bsa: A, f1(x) = lim

2 2
_ lim (x+h) - (x)
h—0 h

= }35% (h+2x)=2x

Gelsl 14 : AN (A8 f(x)= a < 518 FBd ardlds 2u0 Bud we [@Qsfad bl

f(x+h) f(x)

B4 : 2l f(x)= lim

h—0

I
5.

%—0 518 S h#0

i [Asld qaql.

f(x+h)—f(x)
h

1
GewsW 15 : f(x)= —
X

61

B4 ndl) f1(x) = lim
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_ liml x—(x+h)
h—=0 h x(x+h)
liml __h
= 0 h x(x+h)

Jim — 1
= b0 x(x+h) - _?

13.6.1 (a8 [aslaad ellootlBid : [asan-l il da-y sl o Ml Gudiami datdl glaiel el
el el 3 [sanal Masl daeil Fasia 2qad. sl a4 wid a1 dusdl 2l sy

uHd 8 WL 5 QUL A g alMd wsami [sadld €y, dl
(i) o [8a- aad [asfad 2 dadl [@sfad-l a0 e €.

LA =510+ o).

(i) o (8L aslad [Asfid 21 dx [@slédadl dslad wed €lu.
d d d
—| f(x)—g(x)|=—f(x)——gx
@)= (0)]=—f-—ew.
(i) oL [ABd-L dpausiR- [Asad 1 1A opausiRAL [Asfad-l Fum gt saidl as.
d d d
—| f(x) gx)|=—Ff(x)- g+ f(x) —g(x
@) (®)]=—f @8+ f0): ()

(iv) 412 B8 YAdR €l AR A [[8YAL MousRHAL [RslAd-Al My {20 aiousieAl Fay gl saidl as:

d d
d(fm =$f(x)-g(x)— f(x) ag(x)
g(x)

dx (g(0)
2] AUGAL dail wHALAL AU o 20122, Siusl i AEdl2il 206T 2l 8. qa-l Fw %
2L WHALAL Gualal seals [alre [a8di-u ([sfad daadrdie s asid. Oeal of uHdld s30el i
g3l ule Aviald A0 ot d Ad Al wHel avil wsia:
WAL S u=f(x) 4 v=g (), dl
(uv)' = uv+uw'

2 [oilaosrl [Asl@dl RusiR-L [Fa Hady deusiL [Hau sélgl. i % 2d, cuousiR-l Hus

gd, s2dls UMl [Q8u (sl Gar g gl 2 A 00 6 5 (A8 £() = x o [aslad xaa
(afy 1 6.

lim

h)- - .
51281 3 f'(x)=l11i_r)r(1)f(x+2 SO _ 202 i1
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BUYRL VL Vi, BUAL WHAAL GuAlaL $3).
Ax)=10x =x + ... + x (10 Qvid) «{ [Aslad il Guril UHY (7) oo,

df)  d
& (x+...+x) (8 ug)
= L Ly e Ue
de” T dx ( )
= 1+..+1 (e Ue)

=10

AUBL AHDL 5 2L dal dLRLLstHL [Rasel uel il asi. f(x) = 10x = uy avil, %A u A AU
(a8a & A def qed 10 2 v(x) = x 9. 28T, RLLsIRAL Uy Ao
£1(x) = (10x) = () =u'v+uw'=0-x+10-1=10
2 % Ad £ = x> 4 [aslad qadl as el ()= x2 = x-x 2t 2,

4Dy ey L
dx dx(x x) dx(x) r dx(x)

= 1lx+x-1=2x

s Ad 20Ul flad uHY ad.

¢ ~ ~

UHU 9 : ol g 3 Uet YRS Sld L () = x7 o, [Rsad nx 19,

AlG1dL « sl cpvae],

T on
lim (x+h) X ‘
h—0 h

f'(x)=lim

h—0

f(x+h)—f(x)
h

Ruel wiadl, (x+ Ay = ("Cy )" +("Cy )x"h+ "Cox h + ..+ ("C, )" 21

qell, @+ A - X" =k A T L+ Y,

df (x) _ lim(x+h) X"

DY
’ dx h—0 h

("™ + 7Gx 2+t 1)

= lim

h—0 h
_ T n-1_, n n-2 n-1) _ 5
_}llg(l)(nx +"Cx""h+ ..+ h )_nxnl

64129 Zld : puReL ouBeLs 2l Rigicel uel i wia Al 53 wsi.

AL URRUM 7= 1 HIZ AL O, d 24100 UL 53¢ &
~ d n d n—1
gd, —I(x)=—(xx
() = ()

d _ d /.-
= E(x)'(x" 1)+X'E(X" " (Lasiz-L Fay el
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1™ 4 x.((n -1) xn—Z) (il yduizan)

(=1

= nx""!

I BuRed WA x et WAL Aldls M2 A B, el 7 5 Bl ARl Aval G A3, (g Ul 2l dsdl

ALGLdl 24119} (.

13.6.2 61guel v Bisialfau [Qaaq [Qsléa
8L {121 otguel [aBudL [Asfidrl uaugl 232 st

U 10:% Uels @, dRaAlLs Avl S a2 0 dlelguel [BBY fix) = g x" +a, X +...+ ax+a, 1 [@sld
df (x)

dx
Al AUGIA]L UHA 8ell GUDL (1) 2Ael UHAU 9 A12 Aa] M.

_ n—1 n-2
=na,x +(n—1)an_1x t..t+ 2a,x+a.

BELERWL 16 ¢ 6x100— x5+ x o [Aslad Aadl.

B3 : GUAL UAA-L Uts GUARL 52di Rislid 600x%7 —55x> +1 wal.

Beldel 17 f(x) =1 +x+x2+x3 +.. + x0 x = 1 2010 [As{&d Aadl.

Biel : GURAL UAA 9 L BuAdL sddl, [Aslid 1 +2x + 332+ . .. + 50x% 44l

. (50)(51)

x =120 2L [ e 1 +2(1) +3(1)2+.. . +50()*®=1+2+3+...+50= s - 1275.
+1 . ~ -

Gewsw 18: f(x) = XT - [asfad qaal.

G54 e © 5 R4 x =0 Ry A Bd 8. u=x+ 1 24 v=x a4 LOUSIRAL FUH aust. o'= 1

A v'=1.

w12,

df(x)zi(x+l)_i(ﬁ)_u'v—uv'_1(x)—(x+1)1_ 1
= ) -

dx del x | dx a V2 X )

Gelgel 19 sin x 4 [Aslad qadl.
Bsd - WL 3, f(x) =sinx.

df ) _ . f )= f(x)

9],
dx h—0 h

lim sin (x + h)— sin (x)
h—0 h

( ) (h )

2cos| —— —

~ lim 2 2 (sin A — sin Bl y4l)
h—0 h
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sin—

= h—0 h—0 h

2

. h) ..
_ 11mc0s(x+5]-hm

=cosx-1=cosx

Gewg20L 20 © fan x 4 [Aslad Aadl.

CEEETR 5 fix) =tanx

tan (x+ h)—tan(x)

lim
h—0

lim
h—0

af (x) .
DI o

f(x+h)—f(x)= .
h

h

= m-—
h—0 )

1[sin(x+h)

3 Sin x
cos (x + h) CoSX

_ }ljm{sin (x+h)cos x—cos(x+ h)sinx}
-0

hcos(x+h)cosx

sin(x+h—x)

h—=0 hcos (x + h)cos X

1

. sinh
_ lim

h—0 h

Gelgnl 21 & f(x)= sin® x <, (sl Hadl.

dim

h—=0 cos (x + h)cos X

B5e : 2wl et FaAAL SRUSIRAL (-l GuRlaL T,

dfx)_d

R —x(sin xsin x)

= (sin x)’ sin x+ sin x(sin x)’
= (cos x)sin x+ sin x(cos x)

= 2sin xcos x = sin 2x

( sin (A + B)-ll Yol Gualol 53dl)
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=

N

6.

10.

11.

L 13.3

X =2 < x =10 10, [Asléd Hadl.

99x < x =100 21210, [Aslad Aadl.

- xx =120 [Asfad Aadl.

A2l Q8L [@sld wan Rgladl iHl :

1 +1
M P27 (i) (x=1)(x-2) (i) = v
. 00 5 X2 . .
(a8y f(x)=ﬁ+@+'”+7+x+l W2 Al 523 £'(1)=100'(0).

5155 [Mlad ardlas v a e ' +axd™ +a20 72 4.+ d x+ a4 [slad qdl.

A5 AN g 2, b 12 [Aslad Wkl e

. .. 2 2 cee -
(1) (x—a)(x—b) (i1) (ax +b) (11i) b
~ ~ )Cn — an . NN
5195 AN g HI2 < [asad Ul
x—a
(aslad sHl:
3
(i 23 (i) (57 +3x—1)(x—1) (ifi) x> (5+3x)
(v) »(3-6x7) v 7 (3-4x7) (vi) ——— i3
x+1 3x-1
uay Rigidell cos x 4 [Asfad o0l :
{13l (8L [Qsfad okl
(i) sinxcosx (ii) secx (iii) Ssecx+4cosx
(iv) cosec x (v) 3cotx+5cosecx (vi) 5sinx—6cosx+7

(vil) 2tanx—Tsecx

uslel Gl

Bergam 22 f < wan Rigiddl [@slad i, i

(i) fx)=

2x+3

5 anuﬂm=x+i

X

B34 : (i) 2usl A2l 3 x =2 210 QAU cpvalid <19l
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f(x+h)—f(x)
h

re=

2(x+h)+3_2x+3

=lim x+h-2 x—2
h—0 h

i (2x+2h+3)(x—2)—(2x+3)(x+h—2)
o h(x-2)(x+h-2)

(2x+3)(x—2)+ 2h(x—2)—(2x+3)(x—2)—h(2x+3)
h(x—2)(x+h—2)

— lim
h—0

. =7
= =) (r+h=2)

__ 7
(-2)

g3 AiHL 5 (A8 £ uslx =2 21910 vald w2l (A8 Uid % f= 2 241910 lvdild A2l

[sfeid-ll vl 2quR £ 20 x = a 2110 AR $1d d 33 8.
(i) [&8u x =0 20210 2vad A,

f'(x) =limf(x+h)_f(x)

h—0 h

h—0 h

I
8
|
=
+

h=0 h|  x+h

53 il 5, [Q8% £ 2 x = 0 10 qd el (3w ?)
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GeLs28L 23 : f(0)= (i) sinx+cosx (i) xsinx o wan Rigidsl Rsld sl

6}5(—[ : (l) Q,{é:[’ f'(x) _ f(x+]’l]3—f(x)

sin(x+h)+c0s (x+h)— SINXx — cosx

h—0 h

T sin x cosh+ cos x sinh+ cos xcos h— sin x sinh— sin x—cos x
= lim

h—0 h

sin h(cosx—sin x)+ sinx(cosh—1)+cos x(cosh—l)

= lim
h—0 h
] cosh—1 cosh—1
= lim sinh (cos x — sin x)+1lim sin x(i) +limcos xg
h—0 h h—0 h—0

= cosx—Sinx

f(x+h)—f(x)
h

(i) f'(x) = lim

_lim (x+h)sm(x+h)—xsmx

h—0 h
. (x + h)(sinx cosh+sinh cosx) — xsinx
= lim
h—0 h

xsinx(cosh—1)+ xcos xsinh+ h(sin xcos h+ sinh cosx)

= lim
h—0 h
xsinx(cosh—1 j . . .
= lim¥+lim XCos xﬂ +lim (smxcosh+ smhcosx)
h—0 h— h h—0

XxXcos x+ sin x
Bers2wl 24 : [Asfad Ml
(1) £ (x) =sin2x (1) g (x)=cot x

B3 : (i) Bswe™las {2l sin 2x = 2 sin x cos x A4 ulg 53,

Y, M = i (2 Sin x cos x)
dx dx

2 d (sin x cos x)
dx

2[(sin x)' cos x+ sin x(cos x)’:|

= 2[(cos x)cos X+ sin x(—sin x):l
=2 (coszx - sinzx)

s X

CO
(ii) UL Hegor, g (x) = corx =

mx

CEL AL [Q8U uR, oul uRl uvaiRid €l QL elRLLsiRAL [RuH
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. dg d d (cos x
_9 tx)=—
ANRA. dx dx (cotx) dx[ sin x ]

(cos x)' (sin x)—(cos x)(sin x)'

(sin x)2

(—=sin x) (sin x)—(cos x)(cos x)

(sin x)2

) 2
sin“x +cos”x 2
= —————5 ——=—cosec’x
sin “x

N 1 b 3 N s N N
ofloy d, 2ii-il 211dl cot x = P A UL 53 ast. 480 2uusl 21l 5, fan x L [@slAd sec? x A,
an x

o Bl Geleel 20 40 %y, 2 »aa (@8-l [Asad 0 .

dg d d( 1 j
9 - — t = —
el dx dx(co *) dx \ tanx

(D) (tan x)—() (tan x)'
- (tan x)2

_ (0)(tan x)—(sec x)?

(tan x)2
—sec® x 0
= 3 = —cosec x
tan~x
Gelganl 25 : [asfad sl
5
. X —cosx . x+cosx
O — (i) ————
Sin X tan x

5
- . Y . ~ . X —CoSX N N N N N
B5A 2 (1) AR 5 %Al Yol AR €1 QL A(x) =————— U 2148 | [ [A5[R-d HI2 eloLsiAl Fay quzla,
Sin x

(x5 —cos x)' sin x — ()c5 —cos x)(sin x)'

B (x) =
@) (sin x)2

(5)c4 +sin x) sin x — ()c5 — oS X)Cos X

sin >x

—xXcos x+5x*sin x+1

(sin x)2

+cos

I . ~ . X X A =~ ~\
(i) [a8u ol uRl cvalBd eid AL, Ax) P YR AR ALALLSIRAL [HUH i,
an x

(x+cos x)'tan x — (x + cos x)(tan x)'
(tan x)2

209l A'(x) =

(1—sin x)tan x — (x+ cos x) sec’x

(tan x)2
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uslel entaiy 13

1. -] yeedl AL [Qsfad dadl :

(i) —x (i) (=x)" (iii) sin (x + 1) (iv) cos (x - gj
Al QAL [slad Hadl :

a

(A AL L 3 a, b, e, d p g rod s M 9-Ad A0 A m dal z yals 9.)
£+s y 2
2. (x + a) 3o (pxtq) |7 4. (ax+b)(cx+d)
1
ax+b I+— 1
5. 6. X 7. —
cx+d | 1 ax” +bx+c
by
ax+b 2 b
8. — g PY taxtr 10. %——2+cosx
px“ +qgx+r ax+b X X
11. 4fx-2 12. (ax+b)" 13. (ax+b)" (cx+d)"
cos x
14. sin (x + a) 15. cosec x cot x 16. 1 oinx
sin x+cos x sec x—1 o
17. —— 18, — 19. sin"x
Sin X —cos x sec x+1
a+bsinx sin(x+a) Y
20 Ydcosx 21. oSk 22. x*(5sin x—3cos x)
23. (x2 + l)cos X 24. (ax2 +sin x)(p + qcosx) 25. (x +cos x) (x—tan x)
2 T
4x+ 5sin x X cos| — X
26, S 27. 4 28. 7
x+7cos x Sinx + tanx
29 30 o
. + — 1 .
(x secx) (x anx) i x
ARAA

@ 2yt (BigHl siofl oyl Bigil gl 4ol [@ou-L 200Ed qeud ol suyd aa sdad. 20 % d
aHll oty dat vAIAd 3 wslA.

@ o glofl dal el iyl dattl Hedl A i, dl d Hed v Big o1 [Q8U dat sdau.

& [A82 f A alRdlds AvaL g e lim fx) e f (@) AHLL AL UL 1A, (Aold, 5 AU SId vin

s il UL )
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Q8L fatd g Hi2 {13l [ At ©:
lim[f(x) £ g(x)]=lim f(x)*lim g(x)
X—a X—a X—a

lim [f (x)- g (o) J=lim f (x)-lim g (x)

lim f (x)
hm[f()t)]:x_m ’

xal g(x) | lim g(x)

12 Sedls HIRIA @8 2Ny £9:

n n
. X'—a _
lim =nd"!
X—=>a x—a

. sSinx
lim

x—0 x

=1

hml—cosx:0

x—0 X

(8% £ a 2woa [Aslad
fla+h)—f(a)
h

S (a)=]111gé
[Q8y £+ 516 Big x w10 [Asféid

& St =)
h

dx h—0
(Q8AL ¢ 2 v HIE

wtv)=u'+y'

fl)=

) '=u'v+uy'

uY  uv—uw 3 N N
(—j = 92 Mo 2l 5 drim [Aslad epuyiRd S,

v V2

12 sedis MR [Qsa- 2 ©9:

d n n-1
— (X )=nx
dx( )

d .
—(sin x)=cos x
dx( )

d .
—(cos x)=—sin x
dx( )

Historical Note

In the history of mathematics two names are prominent to share the credit for inventing calculus, Issac
Newton (1642 —1727) and G.W. Leibnitz (1646 — 1717). Both of them independently invented calculus
around the seventeenth century. After the advent of calculus many mathematicians contributed for
further development of calculus. The rigorous concept is mainly attributed to the great mathematicians,
A.L. Cauchy, J.L.Lagrange and Karl Weierstrass. Cauchy gave the foundation of calculus as we have
now generally accepted in our textbooks. Cauchy used D’ Alembert’s limit concept to define the de-
rivative of a function. Starting with definition of a limit, Cauchy gave examples such as the limit of
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sinor Ay fx+D)—f(x) . . .
for o =0. He wrote Ax ; > and called the limit for i — 0, the “function derive’e,

y' for f' (x)”.

Before 1900, it was thought that calculus is quite difficult to teach. So calculus became beyond the
reach of youngsters. But just in 1900, John Perry and others in England started propagating the view
that essential ideas and methods of calculus were simple and could be taught even in schools.

F.L. Griffin, pioneered the teaching of calculus to first year students. This was regarded as one of the
most daring act in those days.

Today not only the mathematics but many other subjects such as Physics, Chemistry, Economics
and Biological Sciences are enjoying the fruits of calculus.
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**There are few things which we know which are not capable of
mathematical reasoning and when these can not, it is a sign that our knowledge of them is very
small and confused and where a mathematical reasoning can be had, it is as great a folly to
make use of another, as to grope for a thing in the dark when you have a candle stick

standing by you. — ARTHENBOT ¢
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George Boole
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afklaul yeaued of usiRHl edlal ¢ @ s HUAd sdldl i dsduald (1815 - 1864)
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Historical Note

The first treatise on logic was written by Aristotle (384 B.C.-322 B.C.). It was a collection of rules
for deductive reasoning which would serve as a basis for the study of every branch of knowledge. Later,
in the seventeenth century, German mathematician G. W. Leibnitz (1646 — 1716) conceived the idea of
using symbols in logic to mechanise the process of deductive reasoning. His idea was realised in the
nineteenth century by the English mathematician George Boole (1815—1864) and Augustus De Morgan
(1806-1871) , who founded the modern subject of symbolic logic.
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& “Statistics may be rightly called the science of averages and their
estimates.” — A. L. BOWLEY and A. L. BODDINGTON
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50 x, |5 10 [15 [ 20 | 25
|7 4 6 3 5

6. | x, [0 |30 |50 |70 | 9
|4 24 |28 |16 | 8

Yo, 7 2 8 Ui 2UA HUBd] HIS M2 Ane A [Qads Al :

7. X, 5 7 9 10 12 15
f 8 6 2 2 2 6
8. | «x, 15 |2t |27 |30 | 35
f, 3 5 6 7 8
Wad, 9 2, 10 Hi 20d MRl S Mg AUa A9 [Qad- Al -
9. | 218 [Baa-l 2uas | 0-100] 100-200 | 200-300 | 300-400]400-500 | 500-600 | 600-700 |700-800
(Sl Ava 4 8 9 10 5 4 3

Y 2l2d 3254 adis 3 adl 20-30 Ui 2, dell, 20-30 3 HeRe <ol 9,
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10. Glaus AHHL 95-105 | 105-115 [115-125[125-135| 135-145|145-155
gLl Avat 9 13 | 26 30 12 | 10
11, 2pue Ml M2 v que 109 [Qud- aEl
At 0-10 1020 |20-30 [30-40 | 40-50 | 50-60
sHl2AHL v 6 8 14 16 4 2

12. 100 lsc2iid au [Adel <12 2uud . qee audl A1ue 239 [Qad- awidl s

au(avui)|16-20 [21-25| 26-30| 31-35 | 36-40 | 41-45 | 46-50 | 51-55

.

ALl 5 6 12 14 26 12 16 9

[ 0 ucls adi-l wElmil 0.5 dadd dsl Glecalauul 0.5 GHRL 24 2iia Hlsdld 2Add

s fr-[adul 34dl.]
15.4.3 u2A [Qad--dl wala :

o Aellui Aas-l sal v o Gl dlu, dul w3 weiad] Ralasiad Guaiall wiu el €id. 2um, u

uRRAMMI 1 e A9 [ GuR el [ 53] asy AR,

wey sl (Al A0 (3881 Asitd 2Aa01R{l) 21 W]l QAL A0 Sl AL Sl 9. HI2,
weygd Alte U [QadA 21Bs dstiFs Al 20, gl uRRARIME w39 [[aad Adinsizs uReuy el
U, 12 % U9 [BAAAA [QaddRl U Yl 2R Aoddiml 20d 8§ 214 dell d ay, 6105 sl wie

N ~ N . ~ ~

1oy wAofl ¢l L AAL O 5 UUBLA UAIRAL 24 WUl BUcgdsdl . UHIBIA [Qad 21 YA+ id % 215 3w 9.

-

15.5 (A0 21 yrul@d [Quaq

YLE 5 5 U UG S HAAL He2AA, A1UA A2209 [AuAr] A3 52l sl AR el [Qaa-iqu Fua
yedl dflal Sl A 50 W 5129 A9 [QeHA w5 otdiddl Wiz ed, 08 dl [RaiAL 2410 944
25 ol (el 2 2881 Aol [l AqALL A, A1),

(eIl Ao 51201 Glofl adell 21 AHU1A [[AArAHL A0l dSa uBL g 530 AU 9. ue D 3 [Qua-i- a9l
ERAL 8L U 9.

HIRL S X, X, Xy, ey X, 5L 7 AAClSAL 8 Ul dHHL WS X 9.

xx—% + (6, X + et (x,-X) = Z(x -x)
i=1
oL L AAAU Y E1U dl UAs (o — X) UL A % A2, el A2l 3L 8L S 515 UL HIsUHE UAIR 2l S1R8

5 o] o AAlsAl X L GRIGIR AL 9,
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71
~ )2 . ~ NN LY =N ~ ~N N NN
s\ Z(xi —X)" il Aval i dlL o FHEL 53 D % 2adisHl Xps Xpp Xy, 2L HELS X ol %5 €9 2in dell

i=1
AAALSIAL Hets o+l 00e UAR M seiel 0. il [Quld oL 21 Ha0ll HI2L €, dl Adalsiril UAR

n
NN . Y NN ~ V2 A o\ ~ ~ ~
weys el G2 sailel 9. UM, 3 2uRlL €l AslL 5 AL Z (X —X)7 3 duid AdAlsUAL Hs x A Al

i=1

URAIR A2l FAldll Hiu 25 AdMsRs ulas © 7
ALl VAL WIS AL 9 AL 5, 15, 25, 35, 45, 55 1l 25 uHe A dSuL L adiseldl Heas 30 9,

1 oM ¥ ol [Rad-lAL adliql il 12 saldd @ ¢

6
D (x5, = %) = (5302 + (15-302+ (25-30)% + (35-30)2+ (45-30)2+(55-30)?

i=1

=625 + 225+ 25 + 25+ 225 + 625 = 1750
25 ool AHe B aSL. dnll 31 vtadis-l {12 »utd ¢ :
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43,44,45.
2L AAAlSAIAL WS Y =30 O,
ol AHE A dadl B+l qeus 30 9,

6d, A B Al 2adisiAl wes ol @Al qdliql 2ai0ll 12 20t §

w

1
(=) = (15-30)2 +(16-30)2+ (17-30)% + ...+ (44-30)2+(45-30)2

~.
Il
—_

(—15)2 H(=14)*+ .4 (1) + 024 124 22+ 32+ .+ 147+ 152

21524+ 142+ ...+ 17

= z><15x(15+61)(30+1) =516 x 31 =2480
N . . < - . nnm+D)2n+1
(51280 5 YA 1 ULglds AvaAAL QUL AR = %. w8l n=15)

n

~ —)2 N ~ N ~ NN LS PN (N NN .
%L Z(Xi —X)" o Weuse AL UAIR HIY Sl dl 28l 2 sedl e R ?al%s-‘l\g 5 31 2qdlsl 8Rlddl A8l

i=1
Bl 6 tadls-icual a8t A «{l dartizl sl Ata YR AR 8. Md 4 AL 6 Aadlsdldl 4s oA Al
v (AL (@R —25 4125 ) 2l B <l avuxelst (ol [Qaddidl [rair —15 4l 15) atR 8. 21 ¢slsd
{12 e A5l urell e wy ¢

AL A e gl 15.5 9.

L] L] L] L] L] L]
pd %
~

v

0 5 10 15 20 25 30 35 40 45 50 55 60
v
HYs
25l 155
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ARl B e gl 15.6 €.

A\ 4

pd M i M M M M
0 5 10 15 20 253‘1935 40 45 50 55 60
LA E
2u5d 15.6

214, UEL 5] ALl 3 wesell [QAasdiL aoli-dl A0, S UAR Guaidl wiu el 21 ydeld g2 s2a

1

n
Y 2 ~ ~ N NN Y =2 ~ Y ~N NN
W2 Ul (Rl dolidl Hers all, »i2d § >l —Z(xi —X)7 @, o8l A M2 SR 1A ©.

i=1

1 ~ N 1
Hey = 6 x 1750 =291.67 i1 2 B Hle {5 31 x 2480 = 80.

N N

L eAld § 3o A HLUAR @ B+l uviuellat atid 9. d old ol a2 wReus 214 oiifilis
e

(H3umt A1 QA0 8.
2 1 72 ~ ©oN b ~ . NN ~
214, AUl ;Zm =X ot wARAL AU WY dFE d Al 2L AL e § sl Rl

~ ~ . NN NN 2 ~ N . S N c S
QRAL HRUS (48 (variance) $8 9 e d g® ([RLoHIAL A2l 24 dA1Y £9) A3 sl ¢9.

WM, 7 AL X, X, X, L (AL

n
) 1 —\2 .
o =—Z(xi_x) ¢9.
n o

15.5.1 wHdd [Quan (Standard Deviation)

[Qx281 (variance){l ARLARIHL AUUBL %12, 5 2eLclol Helellsil x; clell dell Ml Al A4HL (x-x)
<l <ol AMLAIL AUl 9, 2L 51280 [2AWLAL el MO Heellselirdl Mgl A1TE A=l UHLRLd
Ul 230 ealelellml el & »iA d-l Y UlBLd [Qae (standard deviation) 58 8. wrilRlcl [Glalei--

Al Ad o ad salaciml i 9 A {128 UHIEL ol A3 avld § ¢

e _
o= - (x-%) (D
n i

uledl, wedllsd Ml Aad 24 wHilRla R bl aedl saladl 3eals Gelsel HsH:
Gergel 8 ¢ <l wudel Hlsdl He [auzel il
6,8,10, 12,14, 16, 18,20,22,24

Bsa @ aute Hlsdl uell uEl 1A sies 15.7 dair st weasHl ateiadl Alui-fad- uglt 2R

5369 Bl 14« 1S dS aR) dlal 9. vtadlsil Aval 7= 10 9.
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IERHIE]
s1es 157
X, dy =2 ;14 weysel] [Quasdl (x-X)
(x~Xx)
6 —4 -9 81
8 -3 -7 49
10 -2 =5 25
12 -1 -3 9
l4=a 0 -1 1
16 1 1 1
18 2 3 9
20 3 5 25
22 4 7 49
24 5 9 81
5 330

n

2.d;

-~ — NN = 5
Ay, Hes X = 3l 1S + ”n Xh 214+EX2=15

13 -
wd [ o2 = S(x, ~%) %x330 =33

i=1
U, WHIRI [Qud o =+/33 =5.74
15.5.2 vdd >ual-ladeg walbid [Qaeax

U A Siti-[Eder {12 e ©

X X X Xyse o

foo e e S

NN . 1 1l — . 7l
2L AU WA [ 6 = \/EZ [ =37 ol N=Y f,
i=l i=1

el {12 200 BGeleBl dsul,

Geld2mL 9 ¢ (1A 2uud Hladl We (a0 244 WHIlbid [Ead- WAl :

X, 4 8 11 17 20 24
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