108 Calculus II: Functions of multiple variables

4.5.1 Examples: For Jacobi matrix and Jacobi determinant

(i)

o T + 23
flz1,22) = ( 1x2 2 >
1
- . 1 2xsa . |
— Az, 29) = ( 9, 0 ) as before!
(i)
. rsin cos ¢ fi(r, 9, 9) x
f(r,9,9) = rsindsing | = | fa(r,d,¢) | = y | = spherical coordinates!
rcos fa(r, 9, ¢) z
B sindcosp rcosdcosp —rsindsing
A = sin¥sing rcosdsing rsintcosp
cosv —rsind 0
det A = 7r2sind (volume!)

(iii)
. 7 COS ¢
flryp,2) = rsiny | = cylindrical coordinates
z

cose —rsing 0

A = singp rcose 0
0 0 1
det A = r (volume!)

(iv)
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second derivative is now a matrix:
~ _ 2 0 _ > T
Dyf = (0 6x2><_M_1’ Hesse(V )
(v)
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A = Vf= =2 =27
21’]\] N
second derivative:
20 0 --- 0
o2 0 --- 0
Dyf = 00 . | =21
0 0 2

(vi) physics example: g-measurement with pendulum

4 2
period T = 277\/7 Sl l =g(,T)



4.5 Total Derivatives 109

Measurement: [+ Al, T+ AT; Al, AT errors of measurement.
(I =1m, Al =0.001, T = 2s, AT =0.1s)

What is the error Ag of g?

Total differential:

9g 9g
Ag = |5/IAI+|EIAT g «
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AT AL —4;3l(—2)‘AT '

T2

m m
0.018—2 + 15_2 = 1.018—2



