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Table with the del operator in cvlindrical and spherical coordinates

Operation Cartesian coordinates (x,v,z) Cylindrical coordinates (p,9,z) Spherical coordinates (1,0,¢)
p = Jrl+? T = pcoso x = rsinfcos¢
¢ = arctan(y/x) y = psing y = rsinfsing
Definition £ = . z — z = Z z = rcosf
of = Vrity+z .
coordinates " * j@ r o= p2 + 22 P - Tslq(G)
0 = arctan Y 0 = arctan(p/z) Q@ = (o}
Vit ¢ = @ z = rcos(f)
¢ = arctan(y/z)
p o= Xty X = cosgp—singg % = sinfcos¢f + cosfcos O — sin pp
¢ = —I%+4 Iy ¥ = singp+ cosod ¥ = sinfsin¢F + cosfsin o + cos o
Definition . PP " - N . . pA
of z = Z z = Z Z cos 07 — sin 0
it i “jﬂ - Po= Lp+ iz p = sinff +cos0f
TzX —p 2 oz pa - ~
0 = =5 0 = wp_72 ¢ = ¢
¢ = L ¢ = ¢ Z = cosff —sin0
A vector field A Ax+ Ayy + Az Apﬁ + Aqa,(f) + Az AP+ Agé + A¢q;
o of . of .  Of. Bfﬂ 1Of af, of . 10f 4 1 af .
Gadient VI | 52X+ 5,7 + 527 9P+ 5360+ 522 ot 700 T rsn00s?
e | O 0y DA 100 10y Ok 1WA LD L0,
V-A or Ay 0z p Op p 0o 0Oz r? rsin 0 99 rsinfl 9¢
0A, BA . 19A, 04,4\ . 1 3Ag .
- A f)
dy 0z N (p do 0z ) P+ rsinf ( (Apsin do ) T
curl V x A 04, 04\s 4 04, aA ¢+ li —(4)9
ur aaz gi‘ ¥y ’ 8(2 ) a - md 0 TAg +
A, AN 1 pAg A, 170 8 A,
ax‘ay)z p( ap a¢>)z F(ar(’”‘”*") )¢
Laplace operator 30_}“ 82f O f 3_f 1Pf 32f 3f 1 3f 1 9f
Af=V? 521 52 +22 2 2 +3 sinf RENCYCR DY
f f x> " oy ' 6z pﬁ'p 3,0 d? 922 |r 81‘ " ar ) T r2sing 89 08 ) r?sin” 6 d¢
A 204\ . HAgsing 94
Vector AAP - p_g - Fa_; p+ (AA’" - EA rzfinﬂ . 39 L — 2 321110 d,;) T+
Laplacian AAX +AAy + AA.z A Ay 204\ - (AAH S | 3 2 (JA _ j:ﬁfed;}: )9 n
AA =V’A A= 2 236 )% T (a4 s o sess BA 2
(AAZ) ( ¢ r'—’qmzﬂ + r2sinl do + r2sin?@ ¢ ) d’
avplacement | QL= d7R+dy§ +d=2 | dl = dpp + pdo+ dzE dl = drf + rd0f + r sin0dp
. . dS = dydzx+ dS = pdodz p+ dS = r?sinfdfde i+
Do drd=5's dpd: ot rainddrdo by
dr dyz pdpdoz rdr df ¢
Di‘t:t(‘]elll'lc;g:ial dv = dz dydz dv = pdpdodz dv = r*sinfdr df deg

Non-trivial calculation rules:

AR o

divgrad f =V - (Vf)
curl grad f =V x (Vf)=0

divewrl A=V -(VxA)=0
culecwl A=V x(VxA)=
Afg= fAg+2Vf-Vg+gAf

V(V-A)—

= ng = Af (Laplacian)

VA (using Lagrange's formula for the cross product)
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FIGURE 9.11

Plots of ¥} (8, @) for [ = 0, 1, 2, and 3.
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FIGURE 10.5

Plots of the radial wave function R,, ;(r) and the radial probability density r|R,, ;(r)I* for the wave
functions in (10.43), (10.44), and (10.45).
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