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® The seeond derivagive of pammgtric fimetions vff) and 4(7) can be found as folloys:

) o dvdly dyai
dy_dl g "r’.iiﬂ:_s‘:li‘_ pﬂpﬂ.u,:.'T-
LU Y dy ity ('ﬁh
alft o it

The popalir netation for the Tavior :ho?mh u!’ﬂrd:ru'js:},

Flest by= fiva+ Flxalr+ ") ":“: L -:—! 4 S
¥ The popular notation for fle Maclaurin's theorem nfmﬂrrd{i.

FCint B)m £(0)+ £ 00+ f{n;g—:+__.+ £ f’. . 3
* L Wowo lines e paralted, then their shopes are cqual,

* The second derivigive of y - Fxd can be written with any of thie following notation

The third derivative can be writleén in o simndar way, Fore 2 4, (e sl derivative i Writgey, A
"),

810 two lines are perpendicular, the e product of Hieir slopes equals -1,
Wi The tangent euation at npn{nlﬂ.ru._:;ii:ﬂ'-_y\,}- mix—yx)
" The nomal cquation 1t a point Px,, v, is -~ y, ) = shr-x,
¥ W /1x) i differentiable on the open inierval (@, 5. then the fimction /(1) s

strictly Iumlngm{m BTSN =0 foe g Srh,
strietly decreasing om [, BT 2 0forg <2y,

®Ifa continuus fumetion f£{x) has relative extremum ot ¢, e o st b aeritical value of f(x).
* The graph ofa fusnction £} is concave upward on an apen interval o, b , where Sy and it

is coneave downward whese ©*{v1< 0,

I T COMINUeUS an (o &) and hang an inflection puént atx = g, then either f*(c)=0

or f™{e} does not exisy,

Y A poim P, £'(e)) on the graph of 5 differentinl function y « Six) where the conavily

ehanges is culled & poing of inflection,

B Ifa fimction hos a Poinl of inflectjyy Ple, £ie)) at g partition ¢ and it is possble 0

differentiate the fanclion twice, then S {cj=p,

: S
Omer Khayvam was g Persiag mathematigian, ARIronenser apy phil

i esopher. He was ham in
Nishopur in narth easien fran, He s 5L motake in tlse
because of his work on ihe clossifiatio s m,wmm e L story of Eﬁmuﬁ

the peometric sohgion by (he intersection of Confes. o
understanding of the pamilel axiam. Az an HOBOMEr hg
Solor calander. Ho war the fiisg fratson, Who contidary ih

abtuse angle for sunmit sngles of 5 . : ;
exhmmtive and pairwise utunlly exclusive,

—
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DIFFERENTIATION OF
VECTOR FUNCTIONS

Scalar amd Veetor
fine selar

i Define fmit af s wi-m;ﬂm-'un and employ e wsual teekmigue for algebra of [imit ol sealar fungson 1o
drnunr_m the Sstlnwving Ieepenios of Rinils of o vectnr Fumction.

A Defing comtimity of o veerse fianction amil demsysirte through examples,

i ﬂeﬁunm-imnr. Vﬂqwﬁnuﬂuuofl:hkﬂﬁnbhlml claborate the mesuli:
ey = pifrw RO+ G, whiere Bl S, fiiry are differeetishle functions of sealar vartable |, flsen

E--.-qu.ﬂj‘ﬁ’;"
il alt aft
54 Vectar Differentintion,
1 Fmtlbdluflmﬁngm:mlhcn!ﬁihmiuiwu
da L st e 4. o
® -l;;--ﬂ_ - E!!-ﬂ .u’:'tn‘-r' - d'.r“'ri"df*-dr'r‘
d &, o A g)m e A
B Ll i ¥ AR e Sy,
L L[ _d¢
n'-'[i] g m'f]’ '
nl’n‘uuammwrj’hﬂh-.fmd;mmmnrﬁmlcﬁou,udﬂumhtimtﬁmum
W Apply veeis Elferentintion mnluqm.mﬁuﬁn-admmum af & pesition vectar =R = ok

Tns the same way ey e stidied numerical caleylys after we leamed numerical arithmetic, We
San now sty vectors cabculion, Since we ilready studied vecrar anithmetic in uni-3 of gradexj
hp‘ath:mtin. Duiite simply, we might lave o veetnr quantity that viries with TESDCCT 10 fother variahle,
sither 0 scalar o o verror, In this umit we shall study the vector finetions ang the applications of (he
differential caleulus, We shall exiond the hasie concepts of codeulus iy 4 simple and natyry| way, The
Sudy of veetar calculiss mukes the more usefial in (he Eeometrical, physical ang engineering

applicaticns, '
Secalar and Vector Functions®

The relationship of eafcylug and vector methods farms what is el veetor calenus. The key 1o
WSE vector ealewliis s (he concept of o vector fenetion, =
Function

i (a) Sealar

A function f'(v} in 4 rule which operates gy I inp (i any sealar iy abd i
Just 2 single senlar ouipa 1 This gaves Praper notation of 5 scalar Fun:til?::“ ¥ e
Fafn

(L]
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or example, i : Here x5 the i G
§ ynits of ilems. npt, v iy the
A= =2 o that depends on x pumber O i i
ﬂmﬂ t and C{:-:: ::.i m“nﬂc wmm“"’“; m-“:m mul ;;:?ﬂ;:‘:e: ;1[:11?:: :uszpcql q“m.mk
In = 2 items (2 is scalar), the cost (cost 15 - B
“w E.::; lh;:i?ﬁ {I :T,m [,;ug]ewri:hlr}funcﬁm. because it transforms ane input 5
produce just one ourput C.

o Alr.5) = xy is the area of rectsngle tat depends on lengeh ¢ and width Here.x, and y are the two igpuy

A , ingle output quantity 4.
= vl o imputs x and  to produucs 3 Sing
:“Mmmml m:: ﬁ: ill‘ :;;-.1“:1: mlm;r: sealars), the area is (is also 2 scalar) A2, 1} =(2)(1)=3

NS UL, " ,
s function s then called o scalar (doable variables) function, because it transforms two inpug

and v e produce just one autput A. s 08 :

This idea can easily be extended 1o define a scalar multivariate Hm:unn‘.i 1%
The uniguencss of scalar fanction s to transform serlar quantities in a single scalar quantity, [y
thiere any rule that will transform scalor quantities In a veetor quantity? Yes, the rule is the vecior

functions, Veetor functions are uzed fo study curves in the plane and space.

(b) Vector Function
J A vector finction F = ( () gl)hin)) ix @ funcilon af ane w{dbf: that .fm*‘ only one “irpur

soidue ™. This “output” values are in vwo and three dimemiujnl ;murmncs instead of simple numbers. Tn
other words we can say Fis ealled a vestor function of *f' £ = F{1).
I 7.7 and & are the unit vectors associated with a rectangular coordinate system (discussed in detils in
unit-3 of grade-xi) then a vector function Fir) is wrinen as

i F)= i+ £0F 2 spaces

i Fy= [0+ A7+ A0k 3 spaces
We can say that a function Fr) is defined if all its components fi, 3 and fi are defined.

Find ?[—E] and Fim) if Fir)=sin(e)i + cosir) j
m We have given F(t)=sin(t)i + cos(r)

As, sin (1) and cos (1) are defined for all values of 1, s0, F(1) is defined for all ¢

x " « [T e Xl =

Fore= -i. F[—z—]=am[i}+ms{i)_, =i

For r=n, F(n)=sin(x)i+cos(n)j =~
ji. Domain and range of a vector function
. Phusamain o
«The st of all t values used as input in F(r) is called the domain of s vector-valued function Fi*
(T Henge
The set of F(r) values that the vector function F(r) takes as 1 varies, is eafled the range o ® Ll
valued funetion F(1),
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UMIT-5 DIFFERENTIATION OF VECTOR FUNCTIONS
LT, 2| Find the domain for the following vector functions:

fw. Fly=2ui-3j+r'f

i Fiy=simti+ql -1 J4lnrk

i 'ﬂtnmamimi,;
FiOy={ £ 400, () = 26 -3+ 0

The function £ (1) = 21 is defined for alle; f,(0) = is defined for 2l values of t; £} =1" i
defined for all values of t except 1 = 0. Thus, the domain of & function F(¢)is R (0]
L Fi=(£0.L0.L0) =sinti+(1-1)" F+inek
The function f,{t) =sin¢ is defined for all £, (r) = (1=1)" is defined for all values of t except

t=1; f(f)=Ins is defined for 1 > 0. Thus, the domain of a function Fiejis 1= 0, £# 1. The range
in'each case is of course a vector quantity,

‘Operadons with wector,

It follows from the definition of vector operations that vector functions can be added, subtracied,
mwltiplied by a scalar function, and multiplicd together ..

1t Fand G arc vocior fanctions of the real variable ¢ and bif) is any scalur function. then F G, F =G and
Fx G are veelor functions, and F- G is a sealas Binction,

IS5 Limit and Continuity

For the most part, vector [imits behave like scalar limits. The proper definition of the limit of a
vector function is given below,

Limit of a vector function and properties of limits of a vectors function '

“Let a vector function Fr) be defined for all values of ¢ in some neighbourhood shout a point
=ty except possibly at itself and let L be a constant vector called limit vecior. The finction F(r)is
“said to approach the limit vector L a5 “¢ approaches ¢, if for any given real number £ > 0 such that
[Ftey-T|e whenever 0£)r-1,)28 symbolicatty, it is writeen as lim ()= 1
Mmuhﬂm&;mﬂwﬁhrmuwﬁmﬁm
b m!mormm(ﬁmwmwmunm{m:mrmm

Ifﬂhmi-'(‘r},-f mEE{r}-Em Land 3 are constant voctor functions then:

L p:_‘-‘a[FuhE(r}] =l F+imG=1+M b lim[ F(0)- &) =limF(e)- lim Gr)=L- M
L] Tty =iy A=ty ety
W The limit of the dat product of two vector functions is the dot product of their limits.
H!.I_'te?tr}-L end Eﬁgr}-i?.whm Land M are constant vector functions then:
E[‘ﬁmﬁm] =limF(0).imG(e)= L3
The @d@mmdm mhniimcﬁm is the eross product of their limits.
r !EF{I]HL il Em}=ﬁ.m Land M are constant vector finctions then:
!i&[ﬁt]: Em]q!_@r Fir lim Gin=Ixw

ey Feneans

i,
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e Thefimi OFthe prodiiey g .. (jaretion and a veetor function is the product of their limjgs

i .ILT F{;} =L and Ilfl}i i1} ¢ ot 1 i5 8 constant vector and i 0 scalor consiany then:
rgiln.,".-‘-a ' mj =lim -"n:er{!m? (t)=exL
3 Find lim £ (¢}, v hiew the vector function is F(e) = (r*=3N-+¢'J + sin ek,
@IS tim Fiy= b i 07 7 ni
=[]+ sy s
= (=3 +c o sindak=i4e' ], sin2r=0
BEEW Contimuity ot vector Fometon
A vector fimetion Fir) il b b continuous ot ¥ =4, il

£y i i e donsin ol u e faoction Fr)
lim Fit)= #i1, |
reay

A cortinues vector volyg f
i b5 contimous ar EVETY e
it domam.

m The camponents of s vecior tunction are: (1) = sins, Fn=(-1", rep
The function f,t1) i continuous for il b L) continbous where. 17 « @: (= 1L This, Mo &
v, whien ¢ a neal number other fen I

LG i Forwiat volues of tig Fin= [gim.ilur_l".l.n:}mnt‘umnun?

m The compaonents of o vecior function are: j‘.l{‘f}usin'.'. f;r:_l =-1‘;I-n". S =tr, re R
The function f (+)is continuous for al] B f0r) i contimmous whore 1-£® 0 (i B, where = 1) £
s contimuous fore > 0, This, F ir) i% continuous function whenever t i any positive number other than |.

Thitisp=0, 00,

S # Borwhat \“HJIMScl-fl B ear function Fir)= f.ﬂ'm,ﬁ -rj,";l continuaus?

: (|

N }%-EL. . . T
ORI o — o

EF LRGeS u;-'--:'m s iﬁh‘ﬁ-if'iﬂlm

)

I Fisi the domain for the fallawing veetor functions:
n F=2i-%jer'i b Fly=tl-nie fi-p-21"0
& Flt=sinti+coss ) +mnrE d. Fli)=coiti ~cote j s cover i
i Perform the opertions of e Tollotwing expressions with
Fin= !:_i-s}ﬂ"f, Gir=(1=r)is }E. Hiywsinri+e'

n 2F0-3C10 b IF0AED e G T A, Fupsfig
1, Exnlunte the limits of the fallowing expressions:

= - - LT [P L TR
a H[m+:";+;mm} b. t.im[’_if-’ i

J=IF < 'E-l

Bl e I Y |
c. !J_T[#i?v]*—:-aﬂfﬂ"‘i] d. !iﬂ[i’g‘—mlhhr“ni]

4 Teat the contivuity af the follewing expressions for all values of -
. Fi=ri+3j—(1-1)k, b Gri=ri-"k

= J;+u':
d Gity=
G
E - - Derivative of Vector Function

A veator function ¥ dete, .acs a'ourve in space as the colléction of terminal poine of the vestors
Fir). I8 the curve is smooth, this is natural to ask whether Fie has a derivative, Our experience with single
varintle caloulus in previous units promyp us fo wonder what e diferentiation of the vecior valued feinction !
might be and wha it eight tell us, For now, fer's recall some important eas from unit 3 of this book. We

defined the derivmive of the sealar function £{x). Which s the Hmit as 41 —+ ol the ditference quotiont }'::

& Given a function f{7) et measures the position of an object. moving alung an axis i, derivative /s
is defined as, f(:].umﬂ“ﬁ‘ ) i

and Meisure the Tstntanous me of change of /i) with rspeet 107 in panicular for 3 fixed volie ¢ = g,
Slw} measure the velocity of the moving object as well s the stope of the tangent linc 1o the curve p= (1
at the point (g, £ (a)), A% we are working with vector valised functions, we will use the above idens pd
perspectives into the centext of curves i space and outpast that are vectors,

50 Dorlvallye of & vector famefion sT single variabie

o J-F'{i_'} we' {rh f } + H"]

Wit « fire s -u}- HinE, whers S A firvare differentinble functions of o scalar variabler .

then A s
it v -
The derivative o s vestor-vahued finction Fiervis defined to be, Firi= L;MM

i
el ar gl
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oo dF x

for these vatues of tat which the fimit exists, we can also use the Leibiiz notation o, for derivative of
1), and %[Fu}] The following theorem establishes a convenicat method for computing the derivayj,,
of a vector function,

Theorem=1: The vector function F(r)=( /(0 £, £,{0) = [N+ [0+ [ {6}k is differeaiaple
& point t={, whenever the component functions {1 f,{r}..r,{r]wl' Finyare all differentiable 5 ,
point =1, ie. F(iy=(f (A0 L0)= L+ LT+ L0k

Proof:  If s vector function #(7) is differentiable, then thelr component functions (¢ f,(0) and I
exist, then the scalar derivatives f}(¢), /3 (1) and £} {i} by first-principle rule

F)= tish Fireat)— Fm U AN+ f (t+ A0+ fi (t+ AOK] = £(1)i+ L0+ -i'f!lﬂ

Ar =ia At
_[hm_Lm]i+[,mM]j+[ﬁmM];
Sdeal) Ar arad Ar =y A
= [+ £+ FEk

In the Leibniz notation, the derivative of Fir)is denoted by: f‘-g- LN ﬁ-}w %’-E {ii)

I, 6 | For what values of tis G{r]=1:1r+|{msr}j+(r-—5]|tdtma'mdahh?
mTMcmlpnnm functions £ (r) = cost and f; ()=~ 5 are differentiable for oll vahes off,
but (¢} = ¢ | is not differemiable at ¢ =0, Thus, the vector function G(¢) is differentiable for all r# 0,

m Find the derivative of the vector function Fif)=¢' [+ sing f+ (' + 50k,

Since, the given Rinetion s F(r)=&'f +sins j+ (' +5.r]a-,
Differentiate both sides wrt, "™

E-“—jni[e’iﬂiu (! +5:]£]

%:i{ﬂf+—{:[nr}j+ (' + 50k = ¢’I‘+m|;+{3r +S}.i-

Vector Differentiation *

Remember
Several rules for computing derivatives of veciar functions are Enes

listed below, which can be.proved by applying rules for limits of vestor
functions to appropriate theorems for scalar derivatives.

W_Farmuh of differentiation

. da i, Ypagld i
2 Al et
v, Hral=reie v Gl nd g, & .,i-;‘;’;f]

¥i T
: dr ] dt
Where, & is a constant vector function, fand g are veetor funct S w’:a 7 woft

da
=0
L dt

1 moTFenshE

UNIT-5

IMFFERENTIATION OF VECTOR FUNCTIONS

o = ..
Proaf: | Leta be a constant vector function then %{ljrf‘-—mr+n¥j+d.£]=iu,,rf%u,1+-n,l

i %[_.I’t.lk %z%

Praaf: i—[ fl=tim

dr

802 8 0LALOLEO) | gy LUEBN=T0 g L1800
Ar

ni 3 o %{It']-%:I
iil. —[vft:l-a—-u—

Proaf; --[qr | = Liw

Q{r+ AN S+ A1) —w:_@]
At

Lh[v{hﬁr}f{“ Ar)-gle+ Ar) fir) l [ gfr+ ), m}—gn [n'l

-iﬂg{uﬁn

i
Henee, EI_@"

o
[ﬂ- + )= Hﬂ M[“l"“} ‘“”];m-v#vﬂnn

odetes o e

i i[! gl=1- E!Ji;

I'rool: +{f¢} Lim

L-'{Hmlg{nm St

rrwmxwm munwn,,umut-mmg:.ﬂ*_*ﬂu

+ At ]
={.'J.."=I[lfﬂ-l'} i M w"']iﬂm[ﬂ”a: FAl rll*.r%"'ﬂ

Hence, = =%l!-l]= fﬁ iﬁ

de ot

" iLr‘w El=rx gs'ﬂr%ﬂ:

Proof: —[m! = Lim

[ e+ ar) gl ar}] [ firpegin]

[ﬂ;+msg[=+a.n _i"{ua-r‘:ng{r]l [..r’{udl}!:m Siny= gin]

B Lin
1 dy
=Lim fir+ary= LA ﬁ 30 +.f.|'_#:[£[-rla:—ﬂ—lnxlﬂ lJ"";.;*%ll{*l

dr  df

Hence, %fog!: fx;i—;i-tg

derivative: —|: Fx E}{!] - —-—x G+ Fu 4G
MR For verification, 'IML.H.S h_
HET FORGALE

Let F-;.-,;:-Iﬂjrﬂ*i and G(t)=ti+e J+3k are the vector functions, Verify the
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W1 EREN HATION OF VECTOR

L |
+A‘:L ﬂ"ﬂ

" i = - oy s
..%“34.__‘.1‘,};_{3__‘.:”1_{@-:’ijE{JF-J‘ l".h’_mﬁ f‘ij"'d}{ﬂ ='W .

=(3-20'~ 1203+ 3 o (¢ - 2008
Now, RS HE‘-#E:: G4 F'xf-f—?

A e

—

(T

igk g o
_d‘ il i'f .f_
LKS ;E{FKGHH.E I ; ,; "'"H" 3’ IL 5
'

The expressions g-juzu'. deE-Fﬂ‘}

s FE 8 S - s :
=-‘-:.&Ex‘&- 0 1 W |=(3=20 V(=204 (-1} $
e 3
R T
=,,T=-‘,"'_"3_,. It F =t it ="y jtid —aid are used in the RIS 10 obésin
¢ 0 E

RH 5= -“:ﬁ_:x Gt F il (3200 PN (38 4 )] 0 (=t 4 & = )

= (=26 =764 ()] +(¢ ~20% eliich is identicai 10 the LHS.
Thus, the L.H.S = RH.S, , .
EF i =ise Fe'h and Gy =3rT 4™ f=2F are the two veetar lunctions andii i
- BT R -
any scalar function, then evaluate the following derivatives: fa). E{IF+I’ G_} ). E{Fﬂ]

a 5{ 2F+r'5j=‘-‘£[_?.|:f+ ¢ _f-r—r‘.t}u’{!r‘fl-w"' ;‘-zm']] =%_[‘2‘ We Qelere ] - :"'1
=152 23~ Pe ) o g4 =8 =15 4 (3¢ 4 Pe(3-n) [+ 41— 200
b %{i&}:&[ﬁwﬁ CRLrne i P B

g L
In the calculus of single

orereRtiation to calculate velieity and aceeleration
ble tie

For vector caleulus we usc the sune deffniti

i Veloeity

m\'ﬂ;.-iy-lw defined as the derivative of the position fcio®
Let Fit)=#(1)i + 1043+ 2(0)7 be a differeny

il vestar valued function reprosenting the posiion Y&
dnpmhkwm'rﬁmﬂw\ﬂmhmhmw B ped

W of position verioe
WS TR e o O NN dvs p

; ] dt e o .
BT, 10) Find the velocity of the particke Whoss position veetor s P EE) = 807 4 dp [ - cosltIE

137 WW
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L e

= &
2, -
- X L ey Al L o fEFREYS
VNI THEFERE™ 105 100 63853 46 TURR LN IS
m Slwe;  Fosmfy 407 - eonri

Velocity “%f;.l = %‘[5"“ = coninh) = E— =%ie 47 e uminif
ik Acceleration

In IPE eateulus of single virkable, we defined the occeleration of o particle as the setnd denvative
of the position vector. There i no change for the vector ealeulus,

“Let F=rlty=ii ¢ ] 2E b iwice differcntiable vector valuc funcion, represeming the pessithon vector
of n parfiele at tisne . Then the uceeleration veetor i the seeond derivative of the position veeier 70
a=FW=LWie 0l i o :.{ﬂ_:‘ 5 %}- %"-};;- %
B11] Find the acccteration ofthe particte whose position vicior is
FUE= (307 4 85 (46 & 20 = 1)+ winif
Since, A= 5= (40 - 1)) 4 wingd

o = HI ., 1 - - T i 3 '-'__:"__ L, T -*i' T
_E{u-;-[(arhsy-ur +m-:;;+umt]-mm # 3N S - 20+ S siniok

Fron ik

dr

.W=ﬂ?-lﬂ4 207+ conirik
Wde] dp.- - :
= E[ﬁ?]_ E[ﬂa-mum cosit)i ]
| pm 5 2y iy
ﬂ[%r-—,-r] =60 <8 j=sink

iil.  Apeed
In lhrulmlu:nfn'ng!nvrhhhll::wmlhc
absolute yvalue of the velogity, [n the vector ealculus it is the
magnitde of vilocity vector, : fii
Let () be o differentisble vector  valued
Tepresentation of the postion of a particle in time 7 The speed 5" of
. the partiche is the magniude of the velocity vector. Speed=Fin =il"mlcl;'u!'
Fin the speed of panicle whose position vectar i1 Fleh= 37 =45 =i after 30 seconds,
m Since, =i+ 4j+sinMNE = F{r}-i—-i?}-i—{hi* A= singi)

ﬁ,-}.f.u.mﬁ;ﬁ} =:Fﬂ|:l}-3i.rwﬁ3ﬂﬁ! = i3 E.,E-E

Speed =[7j= L;h[%]: -Ju‘TE.J’—T"_’—.%ﬁL- it

m A particle's position m time s determined by the vector F{r}:mr}hﬁnm}ﬂ"ﬁ . |

_F’mdhll-:n particle's velocity, speed, direction and aceelerstion at a i 1= 2, Interpret the panticle’s
nit [

The direction of owtion e he
't]

S
fimotice: caleulate by using 7
L

MNOT FORSALE

i)
|




UNIT-5

velocity and aiceleration arc:  F(r) n%{?f: %[m@':.-ﬁ-uh{;ﬁ +£"E]=-ainf?+ cost j+35°%

d¥ _ dfdr) dr . .= IR | AP, S s
"{'}'?=E[T:]=E[“‘“"’]““‘“” ”'!*]‘ m"*‘*‘"”*ﬂm

The velacity ata time =214 7(2)=—sin(2)i+ cos(2)] + 34Nk =~ 0.91i~ 0427+ 128, use radiay
The acceleration ata time t=2s a{2)=—cos(2) i ~sin(2)] + 62} = 0420~ 0.9+ 12k

The speed is [F]= |(-sint)'s (cost)’s (3 = Viedr' Atatime =2,

The speod is 7] =1+ 902)" = 145.

The direction of motion is: %::?:E[- sinti+cost i+ ir’E]

At tine v=2, the direction of motion is: ﬁ- jll-‘?[‘s_in 2ivcos2f+12k] = ~091-042] 4128

Exercise

L Find the vecior derivative of the following vector functions:

a Fymeise j+{o+ b F(s)=(aissj+ 8 R)+ (25751 +38)
- & F(0)=cosofi+un0j 3% .

2. - Find the second order derivatives of the following vector valued fimetions.
a Flo=ti+3cj-sfk b Fl)= 04 =+ 17 fo 30
e Firy=nx-% 4 ?{é}ss{n’ﬂf—unﬁ’ﬂj’

3. Differentiate the following scalar functions:
o Fixi=[x+ Cer 1) 2xi-327 7 b _,E{:]:I:h@xf- h}fﬂﬂi#l‘l

4. Find the particle's velocity, acceleration, speed and direction of motion for the indicated value of &
when the position vector of  particle's in space st time tis {7} :
o HO)=ti+fTeakar =l b, F{:]-mrr:ﬂinrjq-?dimh%
€ Ff=eite jretfati=ln? :
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m If the particle’s position wt a fime 1t is , then F{r)=costi +sins j4 % ﬁn.ﬂnm

A guantity having magnitude and direction is called:

i) wector () scatar ie). velocity (v, derivative

A quantity having magnitude only and no dircction is called:

i), veclor ﬂﬁ] scalar (3] vilodly {1}, derivative

If Fei'iet]-siniiyk and G=i+r' ]+ 5k then FreG= .

[ [W+%EF¢sﬁ+fm¢ﬁ-aa;’ﬁ i, [mﬂ;!!]hm'umm]w‘-ﬂi
el [ﬂn-'%l]f—m’ﬂrh{qu;-r’ﬁ fy [ﬂ‘+ﬂ—fﬂ—}-{n‘+r|&|¢m}+u-r'ii
Let et 4ej=sin(o)k and B =i+ j+ 5k then F-G=

b, PeleSsing) (b)) F-l+asing)  (e) 3 -ledsin() (4 O +1-Ssingr)
Voo M F@m 320 j- -0k then EmFi(-2)=is:
(h) BleS0f+dk | (b) Bel0f-dk  (e) B460)-4F  (d) Eie350)edk
Vi I F=ri-(e 0 e then F-2)is:
{8). 4i-128 (b). 127-4f te), 1Zi+ak (. 128
Wil I F=2i+3j+aFand ﬁ- :
n). 42§ (b 30 (€}, 5 ) 6
vill,  IF 7 5674 3] 4  then velocity vector 3is: .
(. 106 £3f (b}, Sk fe) 2i+3) () 10038
ix. Ifvelocity vector ¥=sin(r)i~ 2cus(¢)] + 4k then acceleration 3=
g, ~ain(r)i + 2eos{)] — 4k (b}, cos(r)i—2sin(r)] + 4f
{c). —cos{e)i+ Zsin(r)] (). cos{tfi-2sin(t)
o Lf&.{cﬁ:})—
it € Fi) ). C-Fi) €L C+Fi) (L F:::ﬁ
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The Pramere equation for dee plane curve © senerited by the set of ordered Pairs h"z"‘i"-lcc is:
Ux. ¥ (), LR ek _

The PRFAmC e eqaution for the plane cairvs © genemted by the sot of prdered Iriples iy R [
s = trin vl U0 = ik gl b (i)

A vector leiion Fued i eontnns EF=Hy 4 b i i b domiadn of £ !_l'::lF{r]:F{;,,}

The deriviive ol g vee e finction Fif) ks e vectr fincton .F'ffj detenminned by the K

Rty biin r.'I-.F'= lim F_ﬂr_d-.ﬂ.{]-fyi. )
UWeell AJ Aaan

whenever (his  Fmi exREs In jhe

Leilwiiz nowtion, 1he derivalive

of fir) s oty by

i i AF lig £ Al = F ;

iir Al A A Ar
I an objert mioves fn Rich 1wy that is position any fime 1 is the: position vector o displacemen Ry

then e

= dF =
Veloeity | Faz—=p1;
o eheity i o (1)
o Acceleration [s o= 47 _ "'—’. =i
LA

O Ay tane, the spoed i 7 |l1f4~!-'.~}+réf- HTFE+I, the maginide ofthe velocity md

Wi divection of matioy IE
"l
=

L o
LE. Mawwell was Seanish mathematicion, He made 5 Beat conribistives in the figlg
of’ mahematical physies. 1o formulated the elgssicn) theory of elecromagnetic
rackintion, Maxwell's CQUAGORS for election tgnetiang has been cullad fhe secand grea
nification iy Physics. Bia the fig unifielien iy Physics wax mited by Sir lsnae
Mewion, In his publicaron "A Dynanical theory of slectomagnatic felgr lee
demanstated eloctric and mignetic fekl trave) through syeice is wayes noving af the
spectd af light, On the bases of his icdea i electramagneiisig Gibbs and Ofiver

developed vecior amlysis,

Juimers Clawrk Mavrrel
{18301

techuielogical mean, Your creation shoulil demmonsir
A tepie from i wnit. b

Create soancithing wsing your Imadgination qr e the
mathematical concepls discussed in this uni 1o il
your real workd objeest

f{x}-x'-lt&oll;tﬂ-l fox=3,

The subintervals of the interval [~1,3] are therefore [-1,0], [0,2]and
[2.3]. The total arex of the region in the required interval [-1,3] fa the
3um of the areas of the sub regions in (he stbintervals [~ 1,0], [0,2]and
(23]

2 3
A Ji 1N - s 1o, i Oinf-1,01(2,3)
ol | a 3
f i 2 24 |2 22 |2 2e
=I“”""}"°"!“"’*‘m!"‘*’"‘“"?'T[l 3 5|

“00-(S-} 3ok ool (Tl (5 44
The sketch of the region is shown in e Figure 6.8
MAPLE command ;7" o evaluate definite and hllﬂlnltehtqu‘_h ]
e use of maple commen *fns* is illustrated in the following example. ;
Use MAPLE command “int" to solve,

fal.  Indefinite intogral of 1 function S =z 42"+ 24241 wort variable X

(8. Definite integral of a function Slxy=2" w.rtvariable «.

fe)  Definite integral of a funetion Sxy=2xe" in the interval [0,1].

Figwre 6.5

. Command: .
> il + b .i.,l.;_:.,‘.‘.i-,‘l.;-i.}.u

Using Palettes: Use cursar bution 1o select integral paleste, Click-integral palette, insert e function

. Wmmm'mm*hyhnhulnhinuwnnaimﬁmﬁm:

1 1
'Js'.l."} TI‘ +-%~II+TJI +x

& Command:

> M:ﬂp{ﬂ.:-a..ll:

b Command: Fd
> hl{-lz. x=0_1}

i | =

Using Plalettes:

Using Paletres:
" I
> Lﬂwmr

> L.ﬁh
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D vou know a 200 vear old prublem .

The relationship between derivative and integrats as an inverse aperation
weas noticed first time by Issac barow {1630-1677) in the 17° century. He
wits 0 teacher of Sir lsase Newton, Mewton and Lesbniz sre known as key
inventor of caleulus, They made the use of cabeutus 13 conjuctor, that is 88
a mathematical statement which is suspected 1o be irue. But has mot
proven yet. The fundamental theorem of integral enloilus was nat
officially proven in all its glory until Bemhard Ricman {1826-1868) 7
demonstrated it in the 19" century, During this 200-years o bt of i
mathematic ke real analysis hod invented before Ricmann coald prove
Uit derivatives and integrals are inverse, -

1. Evaluate the following definite integrals:
4

Fud a 4
a [swdc b fod O (Pl d. [3rde
1 1k [] [}
b ) 1 = " - i
1 av! el Sl - = B Lad0
e j;u[; afxds I hjm"ﬂ,},d.; t !mn{z-I-n)ér !uc
I
i Evaluate the following definite integrals:
5 =S+ 18 i 4
i i e =r) o : b I:’r-udf
3. Use definite integral 1o find out the arca between the curve f{x) and the x-a%is over the indicated
interval [a, b):

a fi=4-x, (03] b fix)=x =50+, [0.3]
¢ fix)=x"~6x+8, [0.4] d fixy=3x-, [1,3]

4. Setup definite integrals in problems a 1o d that represent the indicwted shndudd Breds:
A b [ J

Sy =p=2x
ol _80lIngr+1)

- (f+1)

Where t is the time in hours afler the tanker hilz a hidden rock (when r = 0).

#, Find the total rumber of barrels that the ship will leak on the first day, -

b. Find the toial number of barrels that the ship will leak on the second day.

¢, What s happening aver the long run 1o the amount of oil lesked per da
Use MAPLE commund “int* to evaluate perdag?

g fl)=x+ 3t Inrt %

5 An ofl tanker is leaking oil ot 4 rate given in barrels per hour by

b f{x)=e™ zime wert, x°

UNIT-6 IMEaﬂi#
teview Excreise

1. Choose the correct option,
i The process of finding antiderivative is called,

{a), differentintion (b}, intepration ie) probability 4} lnear equations
i [un6do-

(a). Injsing|+C ib), InjcosBl+C  fch —Mnjeosi]<C () ~In|sintl] +C
e Jge

-1 o 2] [

(). linl.nd.r*uP +C (b). sin T+C fe). sin (;}-L‘ (d). cox (:]*L‘
v = y
i le.l'_ﬁ-].ﬁ

vi.

wit,

wilii,

1, [t—6 1, |i=6
{u), zluiml-rc b} Elnlmjn:'
1 [] i 1 i
ek 'E[h|i+q-hh-4+(:] (d) E[hli+q+ﬁ}c

Hx’-ﬂdx-
(a}. 'T"h*'ﬂ' ) (b %-4::1-1‘:
x* ' dxt 4f
o = @ Z+3 A g
Jrmg e
(@), Lzt [gerx)d (). fo)gin - [ gle)findr
teh flelxd-[ g () W Figln- gt s eods
[tan* (xheds =
(a). %lu’u}an:—'un{;}*.c (b %M’h}+x-m{x)+f
3
(=50 :m’(x}—x-hm.";}-c W) 3Ian' (X4 o i)+ O
x+8
'FJt"—M&F
(). Injx—8+cC by

éhl‘;"“‘l‘iﬁ‘“‘l‘%hl x l*‘:

L
2

(0} Linfe? - 6= LinfE sl L L,] Lod= 1 o1 |z

1 3 |z‘ ﬁ'l[ zl.nl-ﬂw-zh:s o {d, !hi"l‘-iha.—l“‘:
ix. £¢-"-:n-

| £=1 il

{a}. 3 (b), —— © = (d). e‘;l
o e 2

o

(ud 1 i, 2 (), 3 @4




