Sept 9 Math 2253H sec. 05H Fall 2014
Section 2.5: The Chain Rule

Theorem: Suppose g is differentiable at x and f is differentiable at
g(x). Then the composite function

F=fog
is differentiable at x and
d . d g ,
= F00 = - (g(x) = (g(x))g'(x)
In Liebniz notation: if y = f(u) and u = g(x), then

d _ oy du
dx  du dx’
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Identify the parts of the composition, and evaluate the
derivative.
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The power rule with the chain rule
If u= g(x) is a differentiable function and n is a real number, then
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Example
Find the equation of the line tangent to the graph of y = cos* x at the

point (%, 1). = (e 31
194
b\)Q wé -\»\A g“bpb .

3 3
i—?(- = Y (Cofx) (-Swx) = “4 Cotx Siax
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Figure: y = cos* x and the tangent line at (%, 1).
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We may be able to choose between differentiation methods.

Evaluate i ﬂ usin
dx x342 9
(a) The quotient rule:
d Sinx _ CoIX(X.s-r‘l) - 3X1 S.\")‘
o Kv (XJ-fL) b
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. sin x o 3 1 . .
(b) writing B0 (sinx)(x°+2)~" and using the chain rule.

~1
d Siax d 3
Tv = $TaN X +L)
I X« dx Sinx (
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~  Cosx (x3~r?,) « Sinx (“(X3*u (zxt))
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Section 2.7: Applications in Various Sciences

Recall: If x and y are an independent and a dependent variable,
respectively, with y = f(x), and x changes from x; to x», then

The changein xis Ax =Xo — Xxy.
Thechangeinyis Ay = f(x2) — (x1).
The average rate of change of y w/r/t x on [xy, X2] is

Ay _ ) — f(x1)

AXx Xo — Xq
And the instantaneous rate of change of y w/r/t x at x; is

ﬂ — lim ﬂ: lim M
ax Xq Ax—0 AX Xo—> X4 Xo — X4
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Position/Velocity/Acceleration

If s = f(t) is the postition of a particle moving along a straight line path
(e.g. the x-axis), then

f(t2) — f(t1)

- is the average velocity over the time period t; <t < b.
2— 1

v(ty) = s'(t) is the velocity of the particle at time t = t;.

a(ty) = v/(t;) = s"(t;) is the velocity of the particle at time t = t;.
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Example

A particle moves along the x-axis so that its position s in feet at time ¢
in seconds is

s=1 -9 +24t+5
(a) Find the posititions of the particle at times t =0 and t = 2.

S(o)=S ft S(2) = 23- 4@ +2u ()¢ S

2 9-26+ 4yt S =S £+
S(O)"Sp'\'

@ oS £t
(b) Find the average velocity of the particle for 0 <t < 2.
\ : K2y - S(o) _ asly - Sty - |0§/\'
avg . vel, TTo— | 2a.- O%c Sec
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S=1-9t?+24t+5

(c) Determine the velocity v(t) of the particle.

V() Sk = ak*- 18k 424

(d) Determine the acceleration a(t) of the particle.

o= V() ") « ¢p-18
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s=1 -9 +24t+5

(e) When is the particle moving to the right?
The PMH(/Q-‘ rmoves o I gk den V(&) >0

(e dEP-18k 24 = 3k ohe8): 3(6-2(E-4)
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(f) When is the particle at rest?

B rer rarns Onenst i pose s 3

eV (k)=0

V()= 3(&"4)((7‘2/) = Vle=o £ 6-,Z°v6;(1-
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Electro-Magnetics

When electrons move through a wire, a change in electric charge
occurs. Rate of change of charge is current.

planar cross section of wire

If the charge on the cross section is Q; at time t; and Q at time b,
then

AQ:QQ—Q1

average current over this interval =
9 At b—t

_dQ
Codt’
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Example

Ohm’s law states that the voltage drop across a resistor is proportional
to the current. The constant of proportionality R is called the
resistance. Mathematically, the potential difference V (in volts), current
I (in amperes), and resistance R (in ohms) satisfy

V=IR.

Suppose the charge at time t is known to be Q(t) = qp sin(wt) where
go and w are constant. If the resistance is R = 100 ohms, express V
as a function of t in terms of qo and w.

VLR and L= a_e—
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