CALCULUS
Linearity of the derivative,
and derivatives of polynomials




Lf (z 4+ h)] = [f(2)]
Recall: f’ (:c) = fle;]O ;

cf. §3.2, p. 48 DERIVATIVE RESPECTS SCALAR MULT.

Let p and a be scalars and let f be a function.
Assume that f is differentiable at a.
Then pf is differentiable at a, and (pf) (a) =P [f/ (a)]
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Recall: f'(x) dT lim Lf(z + h)] — [f(z)]

h—0 h

cf. §3.2, p. 48 DERIVATIVE RESPECTS SCALAR MULT.

Let p and a be scalars and let f be a function.
Assume that f is differentiable at a.
Then pf is dlfferentlable at a, and (pf)(a) =p-[f'(a)].

S G| =[]
w) =p-f Lo (G =p- [ @)

cf. 3.1, p. 176 DERIVATIVE RESPECTS ADDITION
Let a be a scalar and let f and g be functions.
Assume that f and g are differentiable at a.
Then f+4 g is differentiable at a,
and (f 4+ g)'(a) = [f'(a)] + [¢'(a)].

Proof is similar. (Exercise)




er Lf(z 4 h)] — [f(2)]

R |l: = |im
cee f(w) h—0 h

cf. §3.2, p. 48 DERIVATIVE RESPECTS SCALAR MULT.

Let p and a be scalars and let f be a function.
Assume that f is differentiable at a.
Then pf is differentiable at a, and (pf) (a) = p- [f'(a)].

cf. §3.1, p. 176 DERIVATIVE RESPECTS ADDITION
Let a be a scalar and let f and g be functions.
Assume that f and g are differentiable at a.

Then f4gis differentiable at a,

and N (N — TN L TA/ ()]
cf 031 p 176 I')I:F\’I\[AIB/I: RESPECTS ADDITTION

LIN EARITY OF DIFFERENTIATION

oCailal _diiu oL U< 1dnctions.
Let a,p,q be a scalars -and Iet f and g be functions.
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Assume that f and g are differentiable at a.
Then pf + qg is differentiable at a, (a)] + [¢'(a)].

§3.2




er Lf(z 4 h)] — [f(2)]

Recall: f'(z) == lim

h—0 h

cf. §3.2, p. 48 DERIVATIVE RESPECTS SCALAR MULT.

Let p and a be scalars and let f be a function.
Assume that f is differentiable at a.
Then pf is differentiable at a, and (pf) (a) = p- [f'(a)].

cf. §3.1, p. 176 DERIVATIVE RESPECTS ADDITION
Let a be a scalar and let f and g be functions.
Assume that f and g are differentiable at a.
Then f+4 g is differentiable at a,

and (f 4 g)'(a) = [f'(a)] + [¢'(a)].

LINEARITY OF DIFFERENTIATION:
Let a,p,q be a scalars and let f and g be functions.
Assume that f and g are differentiable at a.

Then pf + qg is differentiable at a,

and (pf +q9)'(a) =p-[f'(@)]+q-[g'(a)]. | s
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et Lf(z 4 h)] — [f(2)]

Recall: f'(x) := lim
ecall: f(w) h—0 h
d |4 3] d
e.g.: ——| = —[433_1/2—393_1]
dr |\/x x dx
] 1 —1/2-1 ~1-1
(3 s (e
a [z"] = na" 1 2
dx = —2573/2 4 3572

e.g.: di[6:c3—4x2+2x+6] = di[6x3—4x2+2x+]
I I

=  6(323 1 )H)—4( 2271 H)42(1)+6(0) =1822 -8z + 2

LINEARITY OF DIFFERENTIATION:
Let a,p,q be a scalars and let f and g be functions.

Assume that f and g are differentiable at a.
T hen pf 4+ qgg is differentiable at a,

and (pf +qg9)'(a) =p-[f'(a)]+q - [g'(a)]. | s
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EXAMPLE:

d
(2% 120% 4+ 30% 4 82% 4+ 70 - 2)
XT

= 8a7 — 12(52%) + 3(42%) + 8(32%) + 740

=8z —60x*+ 1223+ 2422 +7 B
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Example: Differentiate the function.

G(z) = 52°

§3.2

G'(x) = 2(625)
— 4(1;5 ]




Example: Differentiate the function.

Q(s) = 7s72/°
9/9
Q,(S) — 7 (_%8—(2/9)—1)
_ —%5—11/9 .
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Example: Differentiate the function.

V(w) = kw4

§3.2

V(w) = —4kw > 1
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EXAMPLE: Differentiate the function.

3 1 3
”_(‘/5'\/5)

v = (21/3 4 z—1/2)3

53.2

= (x

1/3)3

3($1/3)2(x—4/2)
“‘3($1/3)Cf_1/2)2'+'Cﬁ_1/2)3

4 32(2/3)—(1/2)
1 32(1/3)-1 4 ,—3/2

4+ 341/6
3.’13‘_2/3 +$_3/2
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EXAMPLE: Differentiate the function.

v:(%

G

)

v =x + 3x

§3.2

1/6

a 333—2/3 + $—3/2

=z + 321/6
3$—2/3 +$_3/2
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EXAMPLE: Differentiate the function.

3 1 3
”_(‘/5'\/5)

v =z + 3z1/6
L 333—2/3 + .513‘_3/2

— =1+43(1/6)z2/6
+3(—2/3)27%/3 4 (=3/2)25/2

=14 (1/2)z=5/°
— 22753 _(3/2)z75%?’ m

§3.2
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EXAMPLE: For what values of x does
the graph of f(z) = z3 4 622 — 152 + 9 have a
horizontal tangent?

f'(z) = 322+ 122 — 15
= 3(z2 + 4z — 5)
=3(z+5)(z— 1)

At r=-5andatx=1. B
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MOTION ALONG A LINE

velocity := (position)® .
acceleration := (velocity)® X = (d/dt)(X);
jerk := (acceleration)® also,
snap := (jerk)® (X)® := (d/dt)(X).
crackle := (snap)®
pop = (crackle)®
etc., etc., etc. O rods » O 0 sec
2 rods/secT 1 sec
cf. EXAMPLE 3
§2.1, pp. 85-86
2 secs
4 rods/secl>
position at time ¢:
t2 rods
velocity at time t:
2t rods/sec
acceleration: tall
2 rods/sec/sec building -

§2.2 jerk, snap, crackle, pop?” ¥

Overdot denotes d/dt.
That is, for any
expression X of t,




Overdot denotes d/dt.
MOTION ALONG A LINE That is, for any
velocity .= (position)® expre.ssmn X ort,
acceleration := (velocity)® X = (d/dt)(X);
jerk := (acceleration)® also,
snap := (jerk)® (X)® :=(d/dt)(X).
crackle := (snap)®
pop := (crackle)®

Example: A train pulls out of the station.
After t seconds, it has traveled
(0.003)¢> 4 (0.02)t* — (0.1)t3 + 2t2 4+ 3t m
Find its velocity, acceleration, jerk,
snap, crackle and pop at time ¢t.

Sol'n: velocity = (0.015)t*4+(0.08)t3—(0.3)t24+4t+3 m/s
acceleration = (0.06)t3 4 (0.24)t? — (0.6)t4+4 m/s?
jerk = (0.18)t2 + (0.48)t — (0.6) m/s3

snap = (0.36)t + (0.48) m/s*
crackle = 0.36 m/s> ~
3 pop = 0 m/s® M




EXAMPLE: Find a second-degree
polynomial P such that

P(7) =3, P/(7) =10 and P"(7) = —8.

P(x)=az?+br+c | 3=a7?2+b7+c¢
P'(z) =2ax + b 0=2a7+0b
P"(z) = Ra —8 = 2a

\ b =-56+40b

(66)7

C

< [(~4)7 + (66)]7 + ¢

= [38]7 + ¢ = 266 -

— C

a= —4

b= 66
53.0 P(x) = 432 4+ 662 — 2631

C =—

—263
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Example: Two cars (one blue, one red) race.

The graphs of position vs. time for each
are shown below.
a. At what time is their distance apart greatest?
to= 177 At time {g. At time 1.
D. At what time do they have the sgme velodity?
R At time/1.

400
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Whitman problems
83.2, p. 50, #1-6

Whitman problems
§3.2, p. 50, #9

Whitman problems
83.2, p. 50, #11

Whitman problems
§3.2, p. 50, #7-8

Whitman problems
§3.2, p. 50, #10

Whitman problems
§3.2, p. 50, #12

Whitman problems

§3.2, p. 50, #13 19
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