PC1134 Lecture 4

Topic

Total differentiatial: both z and y are allowed

to chagne.
Az <= (Azx, Ay)

Objectives

Understand the concept of total differentiatial.
Know the physical and geometric meanings of
total differentiatial. Can use it in simple
applications.

Relevance

Many physical quantities depend on two or more
other quantities. Total differential is the change
in the function when all variables are allowed to
change. It is therefore vital important for
calculus of function of two or more variables.
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Differential

For y = f(x), define a differential: dx = Ax

dy = ﬁdw #= Ay
dx
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However, we can write

Ay = (ﬁ + e) dx
dx

where € = 0 when Az — 0.

The differential dy is the change in y along the
tangent line and is the linear approximation to Ay.
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Differential

Consider
y==x
For
T — 1+ Az

Ay = (z + Azx)? — 2 = 2zAz + (Ax)?
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Total Differential

For z = f(x,y), consider

r—x+Az and y—y+ Ay
Az = f(z + Az,y + Ay) — f(z,y)
Add and subtract f(z + Az, y),

Az = flz+ Az,y+ Ay) — f(z + Az, y)
+f(z + Az,y) — f(z,y)

_8f(x—|—A:I;,y)Ay+” _ —fAy—I—
Oy Oy
Azza—fo—l—a—fAy—I—

PC1134 Lecture 04, Slide 4



Total Differential

From last page,

of of
Az = —Ax+—Ay+---
z Az yAy

_ of of
dz = axdx+8ydy

dz is the total differential. In general,

u= f(r1,T2, Tz, ,TN)

_of of of of
du = &Eldacl + &Ezdacg + 8x3dac3 + + 8$Nde
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Geometric Interpretation of Total

Differential
oy
ﬂdx
0X
y

« Ay  QxtAxy+ Ay)

: . of
Change in z due to change in z: 8—xd:p

: . of
Change in z due to change in y: O_ydy

dz is the change in z along the tangent plane when x
changes by dx and y by dy.

dz # Az

PC1134 Lecture 04, Slide 6



Example

Estimate [(2.02)2 + (1.97)2] H3

Let 13
a = [(2.02)®+ (1.97)%]
= [(2.00 +0.02)® + (2.00 — 0.03)%]”*
and r =200, Az=0.02

y =200, Ay=—003
Consider z = f(z,y) = [(z)* + (v)°]

o+ Doy +Ay) - fay) ~ G Ao+ S ay
of 2T of 2y

0z~ 3(z2+y2)2/3 By 3(z2+y2)2/3

1/3 of Of A
GxAx+8y Y

1/3 2x2x0.02 2x2x(-0.03)

1/3

:£E2 + yz]

Q
&

— _22 22
! + ] 3(22 _|_22)2/3 ™ 3(22 _|_22)2/3

= 1.99667
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Error Analysis

A simple pendulum is used to measure the
acceleration due to gravity, g. The following are
obtained: [ = 100.0 0.1 cm, 7' = 2.000 £ 0.004 sec.
What is the error in g due to errors in [ and 17

T=2m 1
g
472]
g=9(,T)= T2
_ Og 99 .. . of 1 21
9 1 21 2 2
dg < 4m T |dl| + T3 dT’| | = 0.57“ cm/s
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