Sketch of Lecture 15 Fri, 2/15/2019

o £ (gl@)= g())g/(x) (chain rule)

o _ dy _ dyd
In Leibniz notation: if y= f(u) and u= g(x), then d—i’:d—zﬁ

why? LOGAM) = S0 _ Slote 1) = Holw) oo th) =o(e) 129 iyt

[to make this into a proper proof, we need to worry about the possibility that g(x + h) — g(z) =0 for certain
h; if g is locally increasing or decreasing at x, then this is no concern and the above proves the chain rule]

d .
Example 62. o°

L oT 1. T x
Solution. (without chain rule) ie*I d 1 _0ef-le? e

_ _t =z
T drer (61)2 T g2

Solution. (with chain rule) Write h(z) =e™* as h(z) = f(g(z)) with f(u)=¢€* and g(z) = —=z.
Lo hi(a) = Plo@)g' (@) = 8@ (-1) = e~

Example 63.
d d 5 d /T oo (77
(a) 5 o8 () (b) 5 o (7x) (c) s 2+ cos’(7z)
Solution.

(a) Write h(z)=cos®(z) as h(z) = f(g(x)) with f(u)=u’ and g(z) = cos(z).

L cos?(@) = 1(9(2))g/(x) = 59(x)*g'(x) = 5eos’ (x) - (~sin(x)) = ~5cos*(x)sin(x)

(b) % cos®(7x) = 5cos?(7x) %cos(?m) = :50054(7:1')(—5111(73:) : %[73}]) = —35cos*(7z)sin(7z)

a4 cos®(Tx S S cos® (T :—350054(7x)sin(7w)
(€) g V2+cos’(72) e 15 (21 cos®(T2)] e )

[in the last step, we used our result from the previous item]

Example 64. (derivatives of exponentials) Note that a* =e™(*") =¢?!"(@) |t follows that

i x_i zln(a) _ :Eln(a)i _ T
et el =e dx[:cln(a)]—ln(a)a :

Example 65. The position of a particle moving along a line is s =+/1 + 4t, where s is in meters
and ¢ in seconds. Find the particle’s velocity and acceleration at ¢t =2.

dv

. . aw s _ ds ;. m . . o o d<s . m
Solution. By definition, velocity is v =% (in ) and acceleration is “= T (in —=)

1
Using the chain rule, — = 4 = 2 an d_2s_ d 2 _2.(_5)'4_ —4
& YAt 2 I AL It At A2 dsIx AL (144032 (144032
ds 2 2 2 m

The velocity at t =2 is | — = == -z

Y |:dt:|t—2 [v1+4t]t:2 V9 3 sec

. . [d2%s —4 —4 4 m

The acceleratlon att=2is [@}t:2 = m}t_ :W: _ﬁ Q
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