STUDY MATERIALS

(VECTOR CALCULUS)

DIFFERENTIAL GEOMETRY

Mathematics Honours
Semester — 2
Paper — C4T Unit - 4

Dr. Sangita Chakraborty
Associate Professor
Department of Mathematics
Kharagpur College



'Tz.'&.m/%f«ft e chop o a 8 F(/L,QO_ caurlAfe ,—
Lel (W be the bosition Ve chér
o oy poink P, ,2) o tice

S MO e

S = Auraw ~T) =T4LT T = ST

. — —mU
MWP&nMﬂzMW

qu—s0 Aw U0 Rl i W@m/sﬁ

Then ) = @7+ )] 2K
o JE gl g 8 G

= _ - o A2t " 7~ ) - Y=
(] = [T L[ ]

Faooon the @,%ng)'aun[\y\/‘/&’ﬂw/ ’\/ECJZ@{‘
foc ﬁPC?C;%%) s giver by g , I/g 2= X (4), Y=Yt 2=2),

4y — )=
- d5 _ —
%:%¢%%%%“W
xel , ' “M%g(l,
A*he)/ %:%’;%——/)@) W%‘Q—@/



Prof. S Chakraborty
Pencil

Prof. S Chakraborty
Pencil

Prof. S Chakraborty
Pencil


Ex, Find #ie unk tanged T to any foind
o The Apoce Cdn@ ! o= 4;% ) = Jc‘q}, 5 = H%

4 d [e- )0+ 7+ ()R = (—&0afieoR

At
[% , = jﬂ——&‘j"-’#ﬁﬁ)"i(/ﬂw)v = W = J2(1+)

| - JF M_(__ Gﬂw?+z+3'\+0+’c"’)7(\
' MWTZ;QI/I-A} - "‘Jé_(H—Uj
Nele ¢ Qt/rv()z,/glzgﬁ_) .—T—:%e%_/%:o%“.

(2= 43k, + 45 the dtmes Find the tmagnt




5@’FFER?&TL{%}_GEOr%En:;ZY S ‘;-
$iff€/r*@hiiﬁl ﬁw towolves mwﬁf'
/5{2&& Cteves aond Mz{gscu,
ff“ffq‘,e,*\/‘ed—a—recj/(/w}{maf‘rh_z, creie C &
Vo fa:u/a/w

%—%2—@)%& MW’WQCJ‘EHC "'

Noew T.E=1 #%(@,@)zoégg.%\:o 2
T. 4t _ N

Ij/\a;'*oé%L’“%%*” ¥
n

vs Lk e cker i the &@z&'rn%% Shich
5 in nottmol digechsn, Hiown |
A2 - kR e K is ealled the cusratwe 5C
L5 of the speiifiad poinkand p=j & called
. the feadsua z‘?@mh@e—m%e,

Lo Caﬂ,u@fﬁ,o,fomnuFJ aokal 4o C .

e %MW%W&"&C

Let B be a unkveder fa@r{::%a@jwlq&,/\%—am
?Wrﬁgw ﬁ,M/fKO&/M L=Txn.
Tlon B & called the binermal fve.

e MCA?’TP\/S 7:\} ﬁ\}@fﬁ’a’maxﬁﬁtdcuo@ 1”[‘2‘?\}-—11 -
o co-trdinste Aydem ot any specified =
e f :
Asg XW,M@M@%WW -

@

arcd s Knevdrn as thio Weovtng foikedal .

Thezeco ,PWVW {:Wjiﬁb&zua‘d Zz A
Wit Hisce e fM"fQM"“”"‘M ¢ veckoss o
2 b anertd) 0scudativg plosee,

‘p_ Y/t
) Notemal plane ¥

=

% o
i) Reckifyying #W-[) r

© g - e




A Y 7

s the blane conbaining £ and Aok £
- E ‘m%mw%w:

Wb owe T, is the posthion ve chér of T
QQN@MPWHWWCM‘QWP 4
o A

‘ M%M&Wrrmﬁn andp ol T
" Eqpnbion 7t Noreomml PW;WE

e oty tlore (G0 =0]
0 NoRMAL PLANE
#

0sculating plane

PA

£
Ke_d—ifying Y

lane

T Forwmudae §—

i dboxd ; ©OAF=rho s Egem
K%MWGEMQ{’;&CLWQ)



AT e at it QRN \ alt NS s T

i

PRooF 6F FRENET— SERRET FORMULAEZ -
A E 0 ahy A AL oy db "
) %,Lﬁ;g = kn o) %M — pP-kT WD ;{Eﬂb:—m .

W ?-fc::i, Lo thot %@@);oég?%‘:o \
= %'%20 = %(L;?l_ g%%‘gwmwmz%!
If' QQWWWQMWMMWQ&WQ%M'

o %—E-:jc\ %Qr;‘,\-{— K xh (:W/’“SQ)J
A é/\ "'.._/\ oU/l\
:zﬂcﬁ%%wo = £+
S 24D P ixdb -0 > 4B LT
- 3 A5

- Ry T——



il G
. F ' i S G S WY B N
tna fhe expreseions Lop o—

Cwerrat usee . “Le ’
T < (K), torsion(T), Eqpakions o 3 Sundasodol

1. o 0 L
L g of- the /X/F;Lm. CINE ! m

N = OPfF___ g 2 = .
= df = didy =Th, 3121 —0
= dE gy i BE= KR AVHER o deeid]
& S ) o o? 2N sa esd
an s +K%’7‘—J;/s“’+ K?l\mzﬂ—o%ﬁi,wi 1)
.q/ [ s AP » ed [ X14
5+ K%ﬁl\ga+ mﬁ\/sm—%,’%g/w@/s
| ~ o a gy, A\ e
G k42 (kD + QKR AK KR BEHES
Py k(DK + BRAEE + T4
' 'y » D AN . L b N
A D8 = kh (K +AS (<) |
EA s .3/\
= K& b+ 0 =KE b —»@®
hnd v F = KATB{KRAR e D-KE)+3 (RAEHEE]
O IEAY o ! e 0t ) VA — VA
= k& KIS T\ =K &°T —>3(3) £

——

Foom®, (aai]= (17 8] = k[81° = k] FI° [40]8

SEETT,
= = [Fx%l |

|7]°

Feom @), % x® % 3
PAT ‘P —

w7

¥ Al

Fq\m'd}jw,w{%w
Fff‘m@ 1) 1 /E h
, o PSR 4

Alrt e n=>bxt




= =i 73!175 A A -'f/] = {.
*—%:KVL :}v Klnlf—‘h’ -
= P %ﬂm% = 'R k(2BKE) ‘i’f
_— %
NS-LO (T)/K?f)”: /,[;ﬁf/\\‘:- KID )} E
o Q’U‘ x 7). % Fl= D iK ”+/’f€,\cb KJCA
= w0+ &2 B - KED
v
" — (’T—’/Xm\"-:’f‘?’” v
K’l/
Here %ww&wz&wmrgf?/ "
[O 1) 1 1 T_,” /
Q/"'Vd ?)« n 11 h h Q L )rf Tr_”o'
_P X
W 1y WB’K’Q/\/\M H @ T> 4 —_O E

K - [ It
TR P\P—C/&"M y 5 (T-% @w)m%'

,EXL'. F‘?/l/\ﬂ)i‘-/ e ook e (K) and o stom CC) %QT R

He pr/lu C BN/, L)% %&) A -ﬂgz(%) 2=0 Eﬁ

U P =T = ocu:) -l—ﬂg{f)g,
7=ty 7= ’M*“&’a‘f} =K T
K = $KT| — |C %%)K\ l’x"ﬂ’ ’nI —0

L "f+n3"’)% E+ )"
THTE = GRS (e ) =0
= T_M = 0. —®

1 x I
L() Let 2c=t, 4= Ja() Then K= &‘f_‘ﬂv)’%/ , T=0 E&@]




E_Z, ’
7AD J‘DO\JLL/S’W (_/Lé. MA_GV 228 (R,Q S ﬁ/{,ﬁ. I

P = G—lrt)z +(t +4-t)3 b (ot~ 31K, oo £
‘Q'{x/‘:f {"(/VVLC. J‘_,o-bo f‘f\/;\}’ 4—5 Q_CC’Q/Q_Q\XQ,UK/ '__ ;t/jﬁrnﬂ@/{

%
New 7 = (-4t £ e, B 3t3)

7 ’P:ﬂﬁ”@{tfz«Hq,té% o) )
> ¥ ’:"ﬂ",% 3 2,{54@’/’ ;
9 =] = N2 esngs (M—%).._\]rf”,H/ 0&% =0 g
K= ]T_/{T; P - ose |
7
(4 :(9.,9314, 9.2}, ga-92%) = (8,8 ) ak t=2. %
7 = (c.z,;z,m—m.p;)\:ﬁog\ L, -25) ok t=2.
New "’f"x%r"’” t ) *’(- 152, 1%, '—84’)”8(19 w—l)
¢ 3 —-q
1. 2 -20
= |8 '”_.'_1/9\ - 8W § JBEITBEHI0 g oy
| ( ek lr@(r’/zh I )? @PE 2P
New dv _ 1 [_:L@Jc rét + 2 (24+) 2+ 21kt~ 244, Oé_‘g,ﬂ
Je — qw L _x(192432+160) =
‘ = X2 (6.




(Y = L 757 = %1043
(2)
g = 275 ]
Ta/tr\_,a)aM (‘éﬁ\%—dw} JE( = ﬂ:‘{,@,)
% Neovaral 1) 7 ?L~197\0: 273
¥ Hon t=2

¥ oo
£ le SP\,@ W#\,& Fep ,Q/l«,e,% SmrJ %‘FWLW Can
b ] @!}463’6/9

] N .
' 5{;H5(})(2)Czﬁ:cuxn}gg@_:wxb)ﬁzww.
.'\ P ;
Freenek— Servrek é‘o—ﬁmw&wz—”

‘ ZL(:; Kn/———a@ %ﬂ—:’t@—‘ T
F Foow @, dn — 7% Kt—fz:(acxn)-rl&(@xfn) @-l:-!—Klo)?(ﬂ |
T::wxn)&}@\mco:z'[({:\Jf—Kb,



B B P _ﬁ - , "‘ » -,LV"‘ y‘:"\* /‘

$ =
X 617 FfL ’L,A fi ﬁ,,.C,Jf/(/\/D\JV/)@f\/S 2 Hee Lan i’m} ,}2),@4/{/‘-(7-/
V"d ZJLQ QZ/{M/&L/() /Q-l/l’v& 4"'2) ﬁe/ (&UL#W

'g éfZ"“?C ) (&{'CB)I/Z) ’{9
LE}' x=1q, :: , @,E»‘HLQ/ ’/‘
QWW %@fyf%uﬂfw\«a }A’&’JDEM'Q ;—-
S P = ‘T’CM@)PML“”U?[’FM K \2
Nevonald vzc@&@wwm%ﬁu

A
@’PK(B’X‘,‘Q*HK)K( %{K
’“14-1’{3\7#7(\

(®,9,2) = C.‘o‘)r,s_) 2 u=3, 1=l

-~ A -
AL (9)1)2_) /a"!’ 7(%”31“9:—_»3 L"—é?""l‘( n %

: £ e Lane_ak (3, Z)%avm"gf
4 WM{E)} ”%& Y,2) - Ca,fi)} “2,3)=0

> ~3.(e8) (- ~D+1-(22) = 0 = —30cD+ Y-+ Ak

:>°—3'>c+9‘+3j |ra2—h =0 3 PTG REE [f |
Lopakion o} the notnal W&@, 1,2) v w«lag/
{@—-CB;'; l)} xh =0 = {@" %%) @)'12)}7((2,72 ')"0*

:}%fzﬂ'g_;ﬂza_,;s} ":jl\ 222

.
v
E
e
?3
‘?
\)
oL
1
e
o>
é,
g

= ®=8- st %”IH— “ g 2iot

E.fi Poreove Mﬁw ﬁw&ms a@ CWU,_. M f) TN A

| 7=7&) mmwvrgmwm

Thes "FC’- v, ,Tl"—l’
V=dr s =T || = vl = 4o _ 4t 4—?%119
X A A i A v
~= 5%%%/'{”%%; = KRE+ A




O asd X - o i I SN
Ex. Ve e /31@:@4_0, e =%, %r—’& %::%:{5)
ig";v& fﬁﬂa C’.MU%M KMW%{)M’W/\/’C.
n e oA e aon 0 3 {K\
P=mwE =4t 1+t5+ 50K R
= T+ U+ ot | 7= %9 4:\
Xw=(T+ %3\+2ch’@>< (2/}%4% b() ~
— AN A N AN : o~ /'\+Lf+~'('i7<f<\)
= 2(17«9)4—%(%3%%‘(“9)
Fe (PR + 3 (KxK), .
= 2k - Lf,{”fi\f._z,.g 3\—;— ¢t { = lyt'?\-—l;q#m
' X " . fl, ;
? ["’TXW = (U F @2 = 16+ = B2
= 2(2t'F)) |

3\- 3|

o -

SRR on
»

v L

.....

2T @D
— —_ 2
== Z :
Mo :{L o e =2 /cmm’mmé 5@ H/DL 'szczd,ea/%%% f}@%% l
Nopmad %Qﬁ/h,@ and He h&uogvﬁﬁ/lmﬁ )]D}Z,Mw %ﬁ i ;
(«LL@’W?; C NI NE ﬁj; "E :‘1" . . L ) %
At € =1, T{P‘:': Q./j\'l*QJ/(\) = Qj +hk , Tf\mzé“i’—-b‘){\ﬂl—?—k\,
N620 (’r’f )(Tb’") i :(Z#/’i\“tfg\d' Lk\)/\ ;(A(Q,’(;J\—;—Azt%) L
= & (%) ~ 8R4+ e(Teic)
BRI B(KRK) = —127-85+8K
Lo ot ok c
= @D =} (y-D+2(2-%)= 0
= ff%"Li‘y +&&::% \

oL

|

e

— , 7




‘ ‘ U
EWW% tho Normod %Qﬁwuz,v's (7-7,) =0

1 = {(x-0, -0, &-W)] (0,2, =©
S o (y-D+ale-2p)=0 S Y +2E=10
S Ytz =5

! E:“W«m o} the &e%m %W%
; CW'—@Do@X#)KFP—:}C)

5 :Sf‘ (”C’i’; -1, %’073>‘ (-—n,——%) 8) :ji

! = gl —A(y-D+2HETH)=

I if 3o+ 2y F-Q%r;l_f/%} _

! 7[15[/5/0 rgl'/i'\/c‘j _ thoe fﬁ//ﬁ%z"c‘r})‘ﬁ’vﬁ c? tl e 'Tﬁwf KL/;«,Q/)

! IDH/( frgc,{/{é al e .%J@v@’j and @/LWM tha Kﬂaeﬂﬁ&

1 N )
Cpdze ol £ =l

<
)
J
¢
P

e T is i Hoo dirach on . .

- Y— - Y—

-—

=G
2=l - Y-l _2=P ¢ st
7 = QM) T XAEEL

Ewﬁgm’amw 14 ?Z%W Luaf
() % (7x%) = 0
=> @-—I;}H,%f%))( (4,-4,2)="0

sl - Yl = B2y =l Yo Il 2=t
7 T (boveamelic eqimatias)

s e "——p erm— ,W b e ot



T m—— ¢

gf?z&uf/aﬁ H_GZQ'L)Q o7 The %Ww@ %ﬁ—,m
= A3t H»:a,&;»f) z-bt (b0 ﬁ@%,rm&
wmmmw%awmcﬂbw
wnd c”)%”‘ﬁﬁ?«a W Wmv%&
T;"VS Sne s Kndo 05 a- ‘
%WSM,Q-,M%MM |
in aplame . hnol the cosve 3>y
‘ ] “}_B‘”“Ci’;j: » j;ﬂﬂ wx%vamdn}\'m %
feo sn , _
1;%2 'y v‘l{?ma‘gwﬂv %
\f@*uﬁ gmﬂ the cercmlos %u,@wc K= ‘f’lov " P _&IO%V ..
Cu{wﬂo&,m;q ’K a Gt %, W .. b?‘:
"’G‘)" @/6‘3% aCint, 1), T = (—MWJC Gk b) |
’T‘)'_’C" ——@rQ/wE (&) T:Ca/w A‘/Giyl;O)
NN ’%’X't‘ = &%%14—&@%&3 —l—bK) Ca,ayh__agmfgz
— — 2k Gk § +@/§me+n,as9z<+a,bgmh :
- a,b&m%Lﬂangff—&K |

—

And Fri P = Abnt A b&t = &b

4] Y
l'@"x?ﬂ C’b—#a/@y?/”ﬂ/( ") "2
= |77 C b)) ﬂm@v _
”‘,.%1’3"’ G
AQA@ e ?/ﬁ cf(/ the Cunfve ¢me¢9€,

m%cohm%aﬁm&%%tﬁ )

We hore 7= W%, oo wl=dg, t=43

v (7] = = T (s = [ dt
= 4= g, ? °

———— > e T B B T TPy ey e - e T g




o q |
=5 T fegve tHheat ﬂ:..e,f mf_@wfﬁuj and, /&A{i@ 'ur'ui'
L}g?&&i Hor Theat™ o Cotete P = ?GQ Lo a helix
s thook 7/l T — o
M@ KW M'_' . W
@ Reolix is a twristed cueire Whode i
moakes o Csnskank &W’Z’EL ofith o gix £
colled hs dnis. T
- Q@MWWWWQMMWZCJZ:VJ?
N %M}mm%d’éﬂmmx%@wﬂ%
/e\,@:@ao( (040(4T72>  is the '

)

For ~ nelex, K _ 1 fan o .
2.t = T Lot p 4

' = 'é.‘.(ﬁ\f:—a ::‘f?\/\ C@/{;z 2

S A le D0, e wee y
/&wcfik b.e jgr_}g,v,vo( 5;'% 2=0=>-Th 2= X
A AN g=0 2 (Th-kE)e =9 ‘ _

= ag@.é‘)-— K(@.’e\)—?O? T it.waO"KC%"Q 0

L tdoni > Ky b
> K== 0
Crwrsrely, Lt Ko v OQ:':CCZQ%
Co dE-kin and db=-Th = 4 - (%)%
I g N R
> ©.% ~eb @*a'tmcr'k [cwbc‘eM@
-t = _
L “zlesp=t =0

' N\ M 'u‘gprffﬁwqul‘vm a_ l
. mb& a,ﬁﬁ{: s Heat™ K7 :(i")ﬁ:/tiq o

g o Y A -



t‘{% £ o 1—1‘":'
‘ \ : ol s i Y

Nece fbu/t‘*j Poarnt—>

Nc—bb, a(rv_q 7 ——A{— KI’) /// %ﬁ—kl(%\
R /‘*’KCT‘” KJC) )
37 Fzm % N+ AK % %@b KL) + K[{%ﬁﬂt%-—%?

__.Kau':( K”n"’KCCb K%)-H;(’(’C@—KQ
+T(*'C”) K{ KCKnﬂ

= (K- K"K’*)m +@<’fc»rm’)zo — oK'KE

Py F = Ko (RxD) - KPNXE = KoL+ KD
=1 -—-/// = _ m”XW’/ 7,-//// 31< K/’C‘+K @K@m)

24
g/w%ww}’f)a}%
Lot &, 7" % 7= o a cud e N = ]?-C,g)'
' ———// .—-—/// //// c . )
Lrce X7 K %‘ZC’Z) — O[zqvﬁjj




B I T .

.E?-O, If Hee r?#{?\ciz. Cande e 1S 4»;/\/1/& b

X =30t, Y= Sleal . = Lt

_F, NT K e,

) J

= Pt »—%'L—F('yg—f%l( &wmﬁabx(aww}ky
= 3CaatT + 3&%‘3‘+ b

,.(_P =030, sent) 4, lm/ = [0Csi+GEDHE = P

T =36k, —30ut,0) i = (3008, -9G4, ©)

Thw = L io& 9(6’5{-4—5'«%1%)‘(

It 34t 0

3lat —%@t 0

1' -
TV S
_ 15 |3 -3%t O

X~
)

11
Tk

>
|31-

1]
o
o

O

v

43
%3?0
ap2
\]

o= N F
W\ e &
g Ir
&
o B
: § “\c,j
RS
) |

r'\

& S
T

b
s

X
S>

|
\os
>

J-
3>
0o

)

U')
=

s
\

S
\

s T
o N
S @\,
\! y
R

\

H

$

o





{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}



