
tr
Q , X

. l - F ' - - )

V :  P . f-- 
f3

r,/\-t cr 
7 

5

r o . ,  l d  ! ' a\ Pfi lir3Cc l't-J

fl.,o F.oJ-t{ 
'"' le

'*\tve e

-r^'

fl::..

a-I,7

A t\ C 'r.-fe s i' 'r

A rl Sph cr,-c Q I

A ra4 i'r rl s i.^ 
5

a7: 1':':'>r.,, "lu ,t{
P,te

fl ,f ir'\ \v , L , r q  I  =
J

ta

L.eJ', + :

a ' ) , n  ( l u l * r , ' e r r a ,  F  
s  ( f - ) T r , i ' * ) t

€ :  ( r ,  y , e )

'F  t '  =  f - ) l rT ' rY  "P?e

?v , P'")

Vq
J

t - J -

P \

C\

J
'1- '3

VT - \ $

3 =

--5
-t=- 'F

{'

V (P'd), = ( 'Px 
)

f ' ,"r .  >(lh<r'cQ t,

vf ,  = *(+ ' )  ? = i3;  + '



? i(- i^r=) -F
i::)-*---
.,F- j

=  +  ( F  -  s ( f  ? ) ? ' )
-  - r a \  r  '  

I

Mok, ,; 
Jou' 'o] "ngli ' '  

q te 'f /di' l!31 L/'-"

Nl efi^o Jl 'tE A l \  C * t f € ) ' c r " ,

f
\ f " ) J " / )

.l- 3

ii:, = P*l) ( r '  ,  )/, 
t  )f . =

F--

J-*" */t+ zz

-Gk ' , .  o ; "od
r=J

b,L sr

/leth.d.'-,oA[ *t t  s1hv; '  q I

r n C *tft s ion 'ry^ J 
.J'"t'- 

(l

C o f, *t ,/lAeJS .

ryA€'SS ,

,-t'tJ

11" :;
./\

1 " . { .

? =
I

4-s. . 

-(

P =
I

/ \ A . 8p.'i -t' fie 
\-r

[ '

z'\

+" I,p 15

p .  [ -  -
\

* z + 7 . - {  Z z

r P '



' / = -:jk
v'- 3

Pr"t|",-^'
{rrJ,e 4g *. , [

4,
= 'P* t'' -t

lv

j = r

.{- z

F

F' 
tS

{, .*?r€'s )

rwl,,-lo'n* r

lqn> "f

. ?  " f a

, +- ,J.f,*', J,

(b rts A* +

o n l), il

ll'r- , ?'r ,, F't

/\,,,
r- l=,{, 4','/\

Yr)r

^"{

, *  1 4

..1

Y

4

 . \
x . ( .

a-\

r  P z z .  =
\ -

n n

F. t -r;- 'ii'e, e

5 , h  e s " d  1 '

-)r n
G,. y^ = 17"
L

'4 /f
i / - { -  =

,A 
/r

Y 
'l-

I

^, 
lr

2 ,  f '

f F z

Sirn 0 ccs

g i r r 0  s ; ^ Q

c.r> e

F*, 
>,n e tu td + Yl

?: t? ::: T',^

-'T*,',.n^ 
, {17^vte'.} l"'

t .
Q r i g r c l T t t u v S

rb.l .. lt' 
flo r/ ,qr

7''t /':r:' 0

lP. 'i

J--
s ;^d  t  l ' * t ' : l : l

Tr 'iny4
--t---- { z

V1^PI"  ( ' * q h "*J)1
1; [€  $noJ 

" r :  i - )

1

+ P, si"0
l r - -



> with(lr"?cbrcalculus)\

! , Ja rn ing ,  t , he  ass igned  names  
'  < ,  >  '  and  

'  (  l  )  
'  

nc l v  have  a  ' t r J  oba1

bi ndi  nqi

W a r n i n c l , ' t - h e s e p r o t e c t e d n a m e s h a . . l e b e e n r e d e f : i ' n e d a l . } d u n o r o t - € r c t , e l :
' * ' ,  ' t -  

,  
' * ' ,  ' . ' r  D ,  V e c t o r ,  C i f  f  i n t ,  l r m i l - ,  s e r i e s

Id::r, 
+, 1-, -,., <,.>, <l>, AclcltCoorttinates, Arcl'ength, BasisFotmat, Binornal, CrossProd, (l)

Cross l:,rothrct, curl, Curvahtre,D, Det, DirectionalDi.ft'. Divergence, DotProtl, DrttProduct.

Flux, (.:.iet(,loortlinateParameters, GetCoordinutes, Gradient, Hessian, Jacobiom, Laplcniun'

Linelir,r, MapToBasis, Nabla., Norm, Normalize, Pathlnt, Principa,!Normol, Radius().lc)urvature,

Scalar.Potential. SetCoordinateParameters, SetCoordinates, Surfacelnt, TNB)"rame, Tungent'

Tntgen.tLine, 1-angentPlane, TangentVector, 
'forsirtn, l/et ktr, VecktrFie id, Vettorl>otential,

'llronsEian, 
di/,f , evalVF, int,limit, seriesl

) SetCc'r.,,rdinates ( 'spherical'lr, S,0l );
spherical,.. b, o

_(,0x 
,-sin(thgloL- ,otG)@ Jp_lLQheta)' sin(,pIrD Jl::t' rt:O_S(r!1!q\_-',1

tf

v ..:, lr., 
,rrllt)ggqG[iF p;" si! ( e ) sin ( rb ) +r.)z c'D!!,ll

r

_?_!l'ir|11,li)l:g,g!1[)_+-g:q!r ( 0 ) sin ( 0 ) -l4r cos ( 0 ) ) -

; t

l  r l

( -1 I

(.1)

. (
sin (cf ) * pv sin (0 ) coslq)

)uoJ



C *tl-ri*4

W a : .  n i . ! t , ,  1 - h e  a s  s  i c J n e d n a m e s  
' ( , ) '  

a n d  
' < l > '  

n o \ / J  h ; a v e  a  r 1 - L c b a J

.banorn: l

W a r n i n c y , ,  h h e s i e  p r o t e c t e d  n a m e s  h a v e  b e e n  r e d e f  : - n e d  a n d  u n p r c t - e c t e d :
' * ' ,  ' r - ' ,  ' . ' ,  D ,  V e c t o r ,  d i f f ,  i n t ,  l i m i : , ,  s e r . i e s

l&", *, 'l'.

Cross]:'roduct, Curl, Cur"vahrre,D, Del, DirectionalDi/J, Divergence' DotProd' DotProduct

Fltr, (.ietCoordinateParameters, GetCoordinates, Gradient, Hess'ian, Jacobion, LaploLidn,

Linelit,r, fulctpToBusis, Nabla., Norm, Normalize, Pathlnt, Principa'!Normul, Ra:dius()JOurvalure,

Scalar.Pote1tial, SetCoordinqteParameters, SetCoordinates, SurJucelnt, TNBiTrame, Tttngent,

TangentLine, |-rutgentPlane, TangentVector, Torsion, Vector, VeclorField, Vectorl'otential,

Wrons,tiian, dilif , evalVF', int,limit, seriesl

> p :- <:. ,0x, py, px >;

t\lttrryt( , )t' 
'

v .- P-Y- -\ j Pn jp- z
' /  ' -  

|  z  2 ,  2 \ ( 3 t 2 1
\ x  t ) ' - r :  J

cat'te,siatl.. ., ,

[ ,t.)x-

I  t ?  -  r i t 3 i 2 )
l l L l L l * l

\  \ r  - t l  - r . : !  )

p '= (px*)e" + (p"v- )e, + (Pt-)e,

r ' . :  (x ) " r *  ( ) ' )e r*  (z )e ,

px- x -- pY- )' * Px^' z

( l )

t - rJ

( ' l )

(s)

( (t)

3 lpx^'x * py-y * ry9J
|  - t  )  ) t ( 5 i 2 t
\ x -  *  . r r  + :  )

r7)
)-

( 8 )



2 1 ' )-/Lr- x- - p.r- u * 2 p.r- { * 3 : lt.r- r * 3 z p.v- ), -,-  - L - - - - - L  

t  z  2  z \ ( 5 1 2 )  

-  c -

\ r  
- J _ l "  - r :  

)


