


TORSION AND FRENET"S
FORMULAE - .

Space turves

~ A curve in space can be represented if
any one of the following ways, %

(T)Letf(;\,y,z)-o ¢(x,y,z)-0 " (1)

represent two- surfaces .Then these’ two
equations . together will represent thé]
curve of intersection of these surfaces!

This curve will be-called a plane curve if
it lies in a plane, otherwise it-is called aai
skew, twisted or tortuous curve. 2
(2) Let the co-ordmates of any point on alé
space curve .be represented by the1
equations of the fom - a

x=f{t)y=6H(D.z=7 () ' (?-)"

where fy,fo,f; are real valued fui :ct:onsx

of a single real variable t, ranging over a
sel of values a < t <b. The equations in
{(2) are called parametric eguations of
the space curve.

(3)Let T be the position vector of a
point P on the space curve whosz Car-j
tesian coordinates are (X, y, z). Then

r=Xi+yj+2k

Now, we define a curve in space 3s the
locus of a point whose position vector T
with respect to a fixed origin, may be?
expressed as a function of a single vari-}

i
)
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able parameter t.

1. To find unit tangent vector to a,;
curva
Let the equation of the curve be .
T= 'r'(f) : . {1 )

" LetP and Q be two nexghbourmg porntss
whose position...vectors are T and4
T +87 referred to ‘O’ as origin, Let the &

- corresponding parameters be t andg
t+48t - A
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the tmit as- QP (ie.)
5t — 0, PQ will tend to bé'a tangent at :
P.

Taking

o

. We conclude that r=(;:~ will be a

vector parallel to tha tangent at P, If 1
denotes the unit tangent vector, then
dr dr . .
‘t—z..—d-t—-::-g—t-zﬂ-:?'..rhus’f =T
|drl ds ds
atl  dt

Note: We use dashes to denote the dif-
ferentiation with respect to arc Ieng.th_s s
and dots to denote the differentiation
with respect to any other parameter 1.

" To find the equation of tangent line to

a curve at a given point.

T

2. I whose position veclris T .
" A unit tangen

¢t

_ Let ¥ = T (t) be the parametric equation -

to a curve ahd P. be any point on i,

tat @ i denoted by -

—

T,

‘Let R be the po:ition vector of any

point Q on the tangent line. We have
PQ = ¢l wheiec= Ii?(i'

.. The equation of :ne tangent line at P
is given by
ﬁ = F + C—( 'S

or R =T +cr' whe ecis aparame er.
. (1)
: - dr .
Again, we know the 3? is alsy a
{

vector along the tar gent P. Therefore,
the equation of tae ti ngent iine can :iso
be wrilten as’

R=T+AT .. (2)
where A is a scalar,

Cor: To find the tar gent line in Cate-
sians g

Let T = xi+yj+zk, R = Xi+Yj+ Zk

then ?:.q_r_=_d_).(. +_d_y_j,_g§.k
ds} ds ds ds

~. df  ¢x. dy. dz. -

P = ——= _--Xj-i--—zk,
dt  dt dt . dt

Substituting for R.7 and ¥ in (1),
Xi+Yj+Zk=xi+y +2k + ¢

[:.g_).(.].p'_q!j i-.g.ik
ds ds° ds
Equating the coefficier ts of i, J k, we gut
X - X
= — = - =G -
ORI it

Y~y -2

~




hts represents te equat:on of the

tangent line . f2)ang & dx dy dz

- ds ds' ds
are the dtrecth n G osmes

‘Again substit ting the values of R T
o, afid Tin(2). -

Kit Yi+Zk= dityjezk+ )

di dt dat
This equation also represents the tan-
ﬂ dy. dz
dt ‘gt dt

are direction alios and not direction
cosines. .

gent line at F'x, v, z) but

Osculating p!ane or plane of curvature

Definition: Let Q anj R be any two points on
the curve which are very close to the point P
on the curve. Then t:e limiting position of ine
plane PQR as the pcints Q and R tend 1o P is

callec the Osculating plene at the point P.

3. To find the ejuation of the osculat-

ing nlane
Let the curve C be given by
r=7(s) |
where jthe par. meter s is the length of

the arc of curv : measured from a fixed
point on the cu ve.

;}‘

Let the points P and Q correspond’
the parameters. s and s + 85 so tha
their. position vectors are r’e)an.-

F(s+8s)..

Let R be the position vector of R.
TR %

We have PQ =0Q - OP i
=T7(s+085)--r(S) :
PR=R-7(s) %

i B

= dF ...'., ,{’i

and t =—=r i

s ¥

The three vectors PQ,PRand { are:

coplanar. Hence their scalar triple:
product is zerj; ‘ ' 3

—— s —

ie., tPR t, PQ]

e [R- r(s). 1 T(s+88)-T(s)]=0

e, R-F(s)Tx [ F(s+88)~T(s)] = 0

{1y
Expanding T{s+0s) by Taylor's Theo-}‘
rem, ‘ '

T(s+8S)=T(s)~dsF(s)

~T(s+85)-T(s)=55rs)

)2
OS)Y o o
-—--—-( 12) r(sj+(5s)3
Substituting ity (1) e

{R- F(s)} 1

2
‘bsr"(sh T (s)+(5s)3J




SR ’\s‘

"“’"s;nce 4 X r(s)‘- 7(8) % r(s) the | *

b -'above ‘equation becomes
[Rwr(S)] tx[( E’ P(s)+(65) ]
L [T r(s)] T[T (s)+(as)] c

The above p!ane becom;es an osculat-
" ingplaneasQ = Pie,as 5x— 0

The equation of the osculating plane is | -

- [R-T(s). 'F'(s)x'r"’(s)]=0
(ie.) [R-T(s5)T(s),7(5)]=0

Cor: (1) Suppose the 'ength of arc is
" measured from the point P.
Then s = 0. The equalion be-

comes

[R- 7(0),7(0),7(0)]= 0
(2) If t is any other parameter,

.
-

—, dr drdt Tt

——
—— ——— —
- — ~-‘—

ds dtds s

.r,,__d_?__d_ dt
T T ds|l§) ds.
1d(__]

sdt|s)

_1{$T-Ts| £7-78
s.@? ] ey

The equation becomes, -

[ PP S 3 .
[R_?.'L‘sr.srs]:o

s () |

or [R r.T ]sOsmcer = Q

-(3) Equation in Cartesnans

CLet R = Xi * Yj * Zk and-F. -xny,-.-

4 zk. Then. the’ equahon of the oscmat-
fmg plane witbe

: X—x Y-y Z-2|
% y .2.1=0’

S

vy

4. To find the. equatzon of th
plane at a’pomt P,

" ," \ '?‘ ) "
The plane through P perpen
di
the tangent:ling’ al P IS called o
mal plane at P. *

¢ norm al

Mo
the Nor.

Let the position vector of P be 7. Tak
a point Q on the normal plane ang |eeo

the position vector of Q be R. Then
- PQ=0Q+OP.= R :

~ PQ is perpendicular fo %I- Therefore

the equation of the normal plane is

- o OF '
R-r)-—=0
(R-7) —

Cbronary: The hormal blane is"per'pe.ndicular '
to the oscuiating plane.

From tha equation of the normal plane,
we can say that it is perpendicular to
dr

dt.

From the equation of the osculaling
plane

{R -T, ?’, F} = 9, we infer that the 0s-

aulating plane is perpendicular to 7+ 7

SmceS—r- (?XF‘)zgz(E_x———-l 0
dt - dt gt~

We conclude that the normal plane is
perpendicualr io the osculating plane.

Example 1

Find the equation of the osculating
piang at the point on the _helix o

. X=acost, y=asint,zzcl.

The equation of the osculating pian® iS,

X-acost Y-asint Z-¢f
—a-sint c . =0 .
~acost

racost’
-asmt 10



e—

C X a3 os't) tca sin 1) = (Y asmt )
(cacost)*(Z ct)(a) 0

i t’ i DI T

+acsmtcostraZ .act=0
(Xsnnt—Ycost)*-a(Z ct)=0_

Normal hnes at a pomt f

Any line perpenducular to the tangent at a.
peint P is called a normal at.P. The:.normal ;

plane at a point is- the locus of the normal
through the point. .Of -all the normals at a
point, twa normals known as Principal normal
and Binormal are speciaily important.

Principal normal
The principal normal at any point P of a given

curve C is defined as the normal which lies in’

the osculating plane at P. i.e., the principal
normal is the line of intersestion of the oscu-
lating plane and the normal plane at the point.

‘Binormal

The normal which is perpendicular to the os-
culating plane at a point is called the Binor-
mal. Chviously this is perpendicular to the
principat normal.

The unit vectors along the prtnmpal normal

and binormal are denoted by A and b re-
speclively.

_To find tha directions of Principal normal
and Binormal,

The equation of the osculaiing plane is

[§~F.F,'r"]=o

. = _ [dTr dz“'
ie., (R - — X —

Since the binormal is perpendacular to the
Osculating * - plane, . it: . is7: parallel to
d7 dz-— : g

——

dl dt2
: Since the- pnncapal normal is perpendicutar to

the langent and al :
 allel to ) 3iso to the l;mormal it Is par-

3 —

., " NS dr dz__ (dq ™ 4
. ' X1 T
. o . a2 ) dt)

.ﬁie“ csint X = casmtcost-cYcost,

. te [er d2 dr d2 ct'r' ¥
<) g (9t o ,{,
ﬁ

d ‘S
ter then E: is the unit tangent vector at the.*
point ™ " "

This relaiion siiows that ~—i— is perpendmutar
ds
to the tangent and hence it is parallel to the

normal. Further, from the equation of the os- -
— 2=
dr d°r

culating. plane (R-T)- [-—-x -—-1 =0, it is

2
ds ds*)

2..-
clear that g—% lies in the osculating plane -
S
2._

and both these results prove that g—%
s

allel to the principal normal. Since binormal is
perpendicular to the osculating plane, it is "
= 2=
paraliel to E-r- X 9—
ds d82
Orthonormal triad of vectors
We know that the principal normal and Bi- -
normal are perpendlcular to each otner and ’
both these lines being normals are perpen- :
dicular to the tangent Hence the three vec- .
tors 1, n b form a trtad of threé mutuatly‘
perpendlcular unit vectors such that t, A, b
form:a right handed orthogonal system of

is par-

axes.



?gnu.,x‘,.xhu IxPB, Axb=T,bxT=f

. e

Osculating
plane

Thus at each point on the curve, there is a
triad of orthogonal unit vectors which detar-

mine three Mmutually perpendicular planes,
The planes are :

(1) The osculating plane containing A and
T and its equation is (R-7)-b=

(2) The normal plane containing @ and ‘b
and its equation is (ﬁ ~7)-T=0

(3) The rectifying plane containing b and
t whose equation fs (R - 7)-fi=0

Curvature
Definition: The rate of ¢hange of the direc-
tion of ta~gent with respect to the arc length
‘s, as the noint P moves along the ‘curve is

called curvature vector of the curve. lts .

magnitude is denoted by k (kappa) which is
called the curvature at P, The reciprocal of
the curvature is called the radius of curva-

ture and is denoted by p

2-
d and p

dS

ot
~lds!

=

Torsion: The rate of change of the direction -

of binormal with respect tb the arc length ‘s’
as the point P moves along the curve is called
the torslon vector of the turve, whose mag-

nitude is cenoted by T (t, u) which is called

.—....-.-..---.-.

o e --'-'~1f"

the torsion at P The xeciprocal of the tors&on

is called the radlus of torsfon and is dengjed
g

."-v' 3 s "-‘:'

byo.—l.
) T

- ldb
Lo T = le—

ds

Screw curvature: The rate. of change ofithe
direction of princigal r ormal with resject to
the arc length ‘s’ as th : point P move:: along
the curve is called the icrew curvatuie vec-

tor and its magnitude is k2 +r.

sk +r? = iz
ds

SERRET-FRENET FORMULAE

5. The arc derivdti-es of the threa unit

vectors t,fi,b a e given by three re-

lations wblch aire -known as
Frenet formulae.

Serret-

(tAS. Paper ll - 1980)

- d db =
1 =-——=k\ —_—
(1) ool (2) = rn
@7 =Darbo T
s
Proof ‘
(1) Since | !-'——;—’ 1, we have
|

S ol '
This relation - shows that, _d_g ( dt is p;r..
ds ds

pendicular to the tangent and hence it lies in

the nOrmai plane From fhe eqitation of lhe



. ™

e i 2—\.
osculai ng plane (R \ [E_f_x_q_f] =0, we

ds d32
d%7 aty) . ‘
see th(.t - (-—- -iJ lies on the osculating
ds ds ’

. plane, 3nd hence it lies alcng the intersection
of the 1ormal plane asd osculating plane. In
otherwords, it lies 2log the principal normal
and he 1ce st is proport nal to n

dt
o— =1
ds ?L _ .
f‘rom the‘defir‘.ition of curvature, we
know that
dt] _
—]=K ani [n|=1
.. g5k ant s

lffollows that g =+Kkn

lHow by conveniion, we take the posi-

live sign
- |
N ,
ds

Differentiating with respect to s,

~ db
sb'— “0
ds

This shows that —dd—g- is perpendicular to

> and hence -Ez- lies in the osculating
‘ lane.

Nso B-1=0
. ' }_D‘lffer'e'nti‘ating' his equalion with re-
- specttos,
275 dt  db

*‘.”-———- - — T:O X
2 ds+d° s

e, 32720 {since B-fi=0
ds ' L

db . : L . - .-.l;:' 'a’:

;— s perpe’ dicular to both b “and;

ds ._

. Hence it is perpenducuair fo the-

i -g

plane contalmn b and t -

Hence it lies alpng the, prmczpal normal
n and is proportional to n-

db = —
S—=tun
ds. .p .

From the definition of torsion

db

ds

=rand|ﬁ|=1

— =4rn
ds .

By convention, we write

db _
— =-1n
ds

(3) We know that
A=bxt

Differentiating the above equation with

, respecttos .

924=924<T B)bgl

ds ds s
--g-t—)-xl-i-bxkn
ds ;-

: —.-r_n_xt+bxkn

Sirze 1, 0, b form a nght handed

. orthogonal systém

1x h=5andnxb='bf Vi
dn

PRI kt
ds

T
T
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Ly dr‘x—q—-—ska_ff:k(txﬁ);:'kb
1 o3 R X w ds dsz
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Y
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Différentiatin'g with respect to s

6. The necessa?y and suﬁ'c:ent z:ond:- 3= 2= 2= =
tion that a given curve is a plane | dr  d°r +9—-§r— d; L
curve is that «'=0 at all points. - dS dS ds® ds® ds Cs

Proof: . - - : 3 & _
- “9£x£—+O:EED+qu)

Necessary: ds” ds3 e ds

¥ W YT Ry -.-vmmy‘)(p"(wwlw”WWM IRV g g/ oy
. R R ’ SR 5 4 .
! PR R & [ 7 &
: H ’ ““'!v i) ¢ 7 TAE N
A i, & A ‘
’ 1]
x
"
o
x

If the given curve 'is.a plane curve, the dF d2F dF | d%r [d%F ar
tangent and normal at all points lie in gs ' 42" J 2" 37 4ds
the plane of the ~urve. i.e., the pjane of ds_._.ds ds® (ds
the curve is osculating plahe at all o B far "
points of the curve. Hence binormal b = __2_ oL 9_;]
: is the same at all points which mean . ds | ds ds
; that b is u constant vector both in N . o 5§ =
7 magnitude and direction and bence, ‘ ! i L~
, _ v . " - ds¢ lds
:O.(ie..)-fﬁ=0¢rf=0 . dk
o : » = - X[ —b - ktAd
. ds
Sufficient

Th “db = 0 and =kt sinced.b =0
.Su ose T = G en — an |
. F’P ds . andn.n=1
henoe b i5a oonstant vector This .
means that the osculating plane is the ) .d_F_ _ EZ_F & 2 ,
same at all points of the curve. i.e., os- . — | =k*t (2)
culating plane contains the curve.

ence curveis a la'le curve.’ ' g
H o P If © = 0then from the above theorem,

. 7..The necessary and sufficient condi- | the curve is a'plane.
7 tion for thé’ curve to be a plane curve X o .
i b dr..d%r. d%F o
is o LR If [-d_ —-?I "__"J ‘O, then sz = 40-
| S S ds® dsS
[9.':. £ 9—-—'—} | REE Then either |
ds ' ds? ds® A e , S

’ k=0°f‘_f=_0$inc'ek ::O,"t=-‘b

>




Gorollary SUES
dF gTds . df. v ., .
dt ds dt ds " +(3)
A% ., d%T g .
dt2  ds 2 +(4)
SF df .. d3¥F .. d°F
= — § + —— $8.4 — $8°
dt3 ds : dSZ A ds3
'". l Iy
r o
+_-:d——2' 2ss
'ds
3= g2z
= §3 -g—-+3§§—d«:-r—',+s—d—r-
ds® ds? ds

TldT TR dr codi Ly
el Ty A T S+ S,
Y1 odt ge? d(3 ds tds ds2

3-- 2~ -
B9 g0
e ds2l ds

We know that the scalar triple product
vanishes if two vectors are equal.

f47 4% d°F
dt " gt2 ' atd

(a7, d%F .2 &7 .5
=z —8,—= 3 ,-——é‘s
ds ds? ds

_és df ¢ &°F
.| ds "ds? "ds® .

2= 497
Since g_r_ —q—L L = Q is the nec-
ds ds? 'ds® :

essary and sufficient condition foi e
curve tg be a plane curve, if-follows that

\:dr 427 &°F

TRPTTE

sary -and. sufficient .condition for the

.curve to be a plane curve.

} O |§ a]so the neces-

8. '*Expresslons f&r ’tur\fatuf'e and’td

it gl b f .i.. A ¥ »u i g 1 Vb,"mc

oF d2| oF dzrl,;
-(1)k ds dszl dt tzl

_q_r_eig o
ds'dgs?’ ds’ |

: .,.'.‘.’(2.:)."-?"03'3’:.:: ,af2 a.'b'af'-';’l\" ,“‘..:'5"‘ :‘;
B, & #i :-E{;,x___h Ll 5 fnid: el
dsh 'dS sk -5,=§ Oy T
dF d°F 03?] -
"'""-""‘5‘-"'“3‘—
—j dt” At Jysnessua
- . ,
. — 2_..
NPT L LW U TS RRTON
i .-.-;s.',; dt dt2f~ oo
Proof R R ot
We have from (1)of Artacle?
2— ———
_cif_x T L5 -
- ds-. ds%
NS OF
-
9-[‘ X . =k
ds ds,2

-&T d{z ds

r
. ,l B * d-. . S
L dz'r‘-‘r-__'-w oF -azr.-!':
Tl ot bl Praen 3|
ot ds ds ..-.s,' dt dt l| :
; 3 [ T * o

—_— Y ——
) ”.’,_::\ dt- d_tz' LUy s~ 4
buis -—--e-———rsjncer‘t dF ds
s ar dt dq dt
at
dr Bl TN A B O S
= o bl
~{ds ey el

B




-\-.e w-—\ hQ -\'-""12‘3’\‘ '.\;_.-—- ';’:‘ T,
S Y : "(‘. :
dr qzé 0F | .

9F & &7 [aridr @

Tis also equal to ' R

§Fmd f(8 ) so that the curva

< P e
LY BRCHS LN

>determme a plane curve~ o5 A

N
o afl A

< [BEN

sThe requhed condmon is”’ o T & o

= o mry RIS FIRRTL TINS B

'
ot e o e
DI O NI I

¢o d92 -dg°

IS A

‘where T =[acos 6,a'sin B:'! f( e_)] y

9 . asin 0:acos 6,7 (8))
gl <. e et

.
il ‘er

2_ . ) )';.'u‘ )
9—-—: [~acos 9 --a sin; &»(
de?

id
e

(9)1

E R a0t A, ﬂ,‘ﬁt}’ﬁ‘fi b7 St

e
- . > " . el ~

. !

e, | i K ' "~

=[asin 8,—acos 9, (f"(8)]

. K 2 .
tl';':""}:"-‘-'

df d%f d*F 1 |
de d92 d93J TR *'_"f".;o' Ss
acos® f'(8)

—asing f"(8)=0"- -
~acos (8

—-asin0
=}-3c0sf
asing’

) ,.Ac::«,uwi&wma-'." e
+ .

=" S

d f\ \dz—- ;:.' ...‘:.... RS
Ldt g2 dt3 A
T= it Wi

X=acos 8.y=asin 0,z=f(8 v

2 e e : SUEN '.\':":.'1“:‘ K
: 2-' .
{dr d "ds() 0 sl U L MGine g8

>
-

T

£

T T f(GM"‘(G
" =|~acos .. *

it L)

r‘ ) b} “I
~asln0 '

-acos3

A0) 10
(o),

asind e
]

e
i.e., f‘(e)+f'"(8) 0 9. U
df  d%f | GooEA e

8y — 4 ~—==0. ) .
dO de z‘ ;‘f'!f‘:" -~ ‘ 3 Y2 "',’:) ‘

ie. (D® +D) t=0 Wﬁe,r'é ',D; stands for -df';

The auxiliary equation s m® +m = 0 ic.,

(m +1) =0 | Ly & ~"'-"“-~d

P - TR
l-‘ ""‘I’Jll}\" the ‘g 00IE, '-.'!: v,-l‘ 1

e
The general, soluuon |,J ( )).= A+B cos U :
Csin @

m = =01 ¥

(?,.

‘ll Ve

Where A, B C are arb: trar constants %
Example 3 (on ™0 s B e s b -' -

~
| %]

Prove that the principal ncrmals at conse Cui-
tive _points do noL.. !nters=ct unless 1—0-.
[Paper li.- 1983]

oo
d

’

RIS

‘Let the posmon vectors of two consecutiie

pomtsPandeerandr~dr 1S
STOCTLRT ‘\ :

Let A and A+ di be the Uit prmmpali ho«

mals at these two poirjts. Now the principal

normals wm mtersect if the three veclors dr

.‘.,

e, if [dT, N, R +dn] =0




or [dT,f, dii]= 0"+ a . 4
Of | —; N, =—{=0 N s .
- ds | T ‘
or -—t-‘ ﬁ’r_._k-]:o ‘:\ {’1 = "
de maa = .
orr[t Nb|=0 -

Example 4
Fird the radius of zurvature and torsnon of .the
helx

% acose y =4 dinfol 255 6 18 o [ J

T (aco., 9 asii g, ée tan u)
. SRR LMW Tl k) TSR DA
dr
— =(~asinb,avos e.atan a)
g2 . :
— -(-—acos 8 —a sin'd .0)
de CUY TN
d?“

—_--

=(asin 6,-acos 8,0)

7 1
}—}—-a sin2 ® + :052 0 + tan? u)2

h-e#

=aseCa

' 2"l "“ o' ‘I.-‘ o' -" - 4 ;' l‘:'" /%

dr d°fy . ’ ;,

et 2 :‘;12 et | . _ 2 a j?é

do do?| | u sec o COST X

c‘, = _-'3 q. .3 -.1.3‘ d a ’1}
dr | a° sec™ |

' “ f -a-é- y _" = '.:v.' - 4;:'

" . "b . v ’ . " . ’j
i D . {ﬁ':k 3 . ‘ o ;
peaasecta -
S AL ] ;

3 pls ‘f}: | .:

of &7 T . . :

do' de?’ de ad tan a -i

T L d .
' df. -d%F| " a sec? a |
Nf—Y —] f ?

dd  do? :

== 'sin & COS & ?

i a , . ’3
£

., C=aseC o Coseca ., - . A
‘Example §- ]

A curve is drawn on a cylinder of radius a ané 4
the cylinder is de\reloped mto a plane. lf p. m

the radius of curyature of the curve and p, u’

the radius of curvature of the developed. curve ;
at the correspondnng points, then
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where ¢ is the .angle that lhe tangent to thef

curve makes wnth the generator of the m-«
~ sir 0, €0s 6, tan a) der through this paint, cyl :
¥ (=08 0, - in 0, 0) Any point on the c_:y'rﬁnder is given by
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Nhen a cylinder iS developed mto the plane.
he pomt is given by :
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If ¢ is the angle between the generaior
and the tangent to the curve
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Exampie 6 )

" Find the curvature and torsion of ‘the curve
x=a(3u- o )-"'y='3au (3u+u )

T=al3u- u 3u 3u+u3]—-—~3a
du
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Exercvse Calculate cu:vature and torsion for the

: The resultant of two forces P ‘and Q- actmg

Qe x=a (8- sing),y = a(1-cos 8), 2= b6

ExampleT ' i iy rl." _
If the tangent and the, bmormal ‘at'a; ;point of &

curve ‘make angles 8,9 respectlvely with &
sinBdd _ kK

= we

flxed direction, stW that-m=mer EETTE

]

where K and v have lhelr usual meaning
Let d be the flxed direction. leen.l
cos 0 and ‘h.id -p cos' ' | whe_l"‘e’,d ]d!
leferenllat:ng with respect tos,

—dsmeg-e- .
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. 3‘ -d s:r';.lp -q- (-~ disa constant vector)
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2, STATICS:

. Fundamenta! ideas

Statics deals. with forcea ‘(on bodles) which -

produce equ:llbnum

If a single force R acting independenlly pro-
duces the same effect as that due to a num-

ber of forces F“ sz F3\ etc" act,ng
simultaneously, then R ls called the resul-
- -

tant of =1, F2. F3. étc In other words R is

-—p

F1+F2+F3.+ The forces F1.F2 F3,

etc are called components of R

.t
N PR SIS L By ey ..“ 1 ““f

along OA and OB such that angle AOBis @,

is of magnltude \/P2 +Q2 + 2PQ cos 8. This

is obtained by applylng parallelogram law for
addition of vectors. !
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