CALCULUS
Differentiation problems
without techniques of differentiation




Example: f(z) = z3+72—-8  [f@+mn] - f@)] =77
Find the derivatlive of f using the def’'n of
derivative. What are the domains of f and f/'7?

(z + h)3=z33F322h + 3zh? + h3
(a+b)° 1
(a4 b)? 1 -1
(a4 b)2 ——2 1
(a4 b)3 —1T——3 3 1
(a+b)* i—4 6 4 1
(a+b)5 +——5 10 10 5 1

§2.4 etc.




Example: f(z) = 23+72—-8-1 [f+n]-[fx)]=77
Find the derivatlive f using the def'n of
derivative. What are the\Jomains of f and f'7?

[f(z + R)] —/[f (z)] = 3z2h + 3zh? + h3+7H=8=0

§2.4 =322 47




Example: a. Find dy/dz, when y = z2 — 2z3.
b. Find an eg’'n of the tangent line to the curve
y = z2 — 2z3 at the point (1,—1).

a. Ny = [(xz + Ax)? — 2(x + Ax)3] — [22 — 223]
= [(# + 22(L2) + (L2)?)

—2(xg an 3x2(A + 3z(Ax)? 4+ (Ax)3)]
DIVIDE BY Aaj 24(3
+L
g 5

Jon 4 (Aa:) 2(3a: +3a;(Aa:) + (Aa:)Q)

dy 2 O

§2.3
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Example: a. Find dy/dz, when y = z2 — 2z3.
b. Find an eg'n of the tangent line to the curve
y = z2 — 2z3 at the point (1,—1).

dy

a.—2 =2z — 2(3z°) = 2z — 622
dx
d
~L = 2z — 2(327)
dx 5

§2.3




Example: a. Find dy/dz, when y = z2 — 2z3.
b. Find an eg’'n of the tangent line to the curve
y = x2 — 223 at the point (1,-1).

d
a.—y=2x—2(3m2)=2m—6az2 4
dx SLOPES\OF &7 TANGEIT LINES
d ONLY MEED O
b. [—y] —eZ 4
drlz—1

WRONG:y— (1) = 2z —Bzt)(x — 1)
NOT EVENLINEAR
}

RIGHT:y— (=1) = (-4)(z—1)m

§2.3




first, f/(7_. .
EXAMPLE: Find f/ i

0/0 indeterminate




dy 3x

Example: Find —=, when y = .
e . dx v (x + 4)2
u .=z + Az
Ay — 3u 3z 3ulz + 4)2 — 3z(u + 4)2
T w2 @+ Wt DA+ 42

_ 3114[332 +8« + 16] — 3313‘[11,2 + S+ 16]

(u+4)>(z+4)?

(AY)(u+ 4)?(z + 4)? = [Buz? + 48u] — [3zu® + 487]

§2.1




Example: Find —, when y =

dy 3x

dx (x +4)2

3z _ 3Bu(x + 4)2 — 3z(u+ 4)2

(u+4)2(x + 4)2
+ 16] — 3z[u? + Bw+ 16]

= 3[(x + Ax)z? —‘(CL’ + Az)?e] +48[(#+ Ax) — 4]

=3[«

Ax/' = 3[Azx] ﬂazQ — (2z + (Ax))z] + 48[Ax

§2.1

L) g2 —

(22 + 2z(Lz) + (Ax)2)g] + 48[Ax]
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. dy 3z
Example: Find —, when y = .
dx (x + 4)2

u . =x+ Ax
(A$@+4F@+4P
DIVIDE BY Ax = 3[Az][z% — (22 + (Az))z] + 48[Az]

(Ay) (u+ 4)?(z + 4)2

= 3[Az][z2 — (22 + (Az))x] + 48[Ax]

§2.1
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dy 3x

Example: Find ™ when y = (z + 4)2°
u.=x+ Ax
(Ay)(u+4)2(x + 4)2
DIVIDE BY Ar = 3[Az][z® — (22 + (Ax))z] + 48[Aa]
IR
Ay

(z+ Az + 4)2(z + 4) = 3[a2 — (22 + (Az))a] + 48

A\

||A¢L # 0

Ay - 3lz? — (2z + (Az))x] 4 48
AT (x + Az + 4)2(x+ 4)2

LET Az —0, 3[z? — (2z + (0))x] + 48
(z +0#4)%(z + 4)2

dy 3LA2 ééﬂ] + 48
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Example: Find —, when y =

dy

dx

_ 2

A
dy _ 3[z? —22°] + 48

dx

§2.1

(z+4)2(z + 4)°

dy  3[z? —2x°] + 48

3x

dr (x4 4)2(z + 4)2

(z+4)%
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d
Example: Find d_y when y =
X

_ 2

A
dy  3[z2—222] +48 —3z2 448

3x

dr (z+4)2(x+ 4)2  (z
(z +4)*

§2.1

4)4

(z+4)%
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1
Example: g(t) = —

V't
Find the derivative of g using the def'n of
~ derivative. What are the domains of g and ¢'?

o+ 0] - o] = | 2| = | 7

VI—VIFRVI+ VTR
T Vithvi Vi+Vith

B t— (t+ h)
VI AVEVE+ VEFR)
lg(t +h)] — [g()]n=o0 -1
h Wf(\/'FW)
o —1

\/t+ x/(\/+\/t+ 0) 2tv/1
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52.4 dom[g] = (0,00) = dom[g¢'] W




Example: Sketch the graph of f/ below

the graph of f.

§2.4
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Example: The graph below shows the
temperature of a certain liquid,
as a function of time.

Freehand a graph of its derivative.
Any conclusions?

Maybe tr}this line
IS y = room temperature.

Maybe we heated the liquid until just before n 16
§2.4 time tg, and then slowly turned the heat off.




Example: One of these graphs is f. LS
Another is f/. The third is f”.

_ . : . Now, moveup
Figure out which is which. forward along

the arrows to
t Next, let's dlfferent|ate the green graph. thggpr?s Oft

Finally, the blue graph.®, 7 and F”.

> )’ i
0

Let s start with the red graph.

Strategy:
For each graph, “eyeball” its derivative.

[T its derivative, is one of the other graphs,
put in an arrow from the graph
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to its derivative’s.

§2.4




Whitman problems
§2.4, p. 39, #1-5

Whitman problems
§2.5, p. 43, #1

Whitman problems
§2.5, p. 43, #5

Whitman problems
§2.4, p. 39, #6-7

Whitman problems
§2.5, p. 43, #2-4

Whitman problems
§2.5, p. 43, #6-7
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