MAT 2010 Fall’20

1. Apply the definition of the derivative:

(x+ h)? x?
pon o fleth)—f@) . 3+(@+h) 3+x . 1/(@+h)?B+az)—a*BFz+h))
@) = Jim h = Jimy h *%li%h( B+z+h)(3+z) )f
lim 1<(m2 +2zh + h?)(3 + x) — 32% — 23 —xzh) — lim 1(333 + (34 2h)z? + (6h + h?)x + 3h? — 322 — 23 —x2h) _
h=0 h (B3+2+h)(3+2) a0 h (3+2+h)(3+x) B
hml<hx2+(6h+h2)rﬂ+3h2)_ #?+ (6+h)+3h | 2?+ 6z
h>0h\  (34+z+h)(3+) k50 (3+x+h)(3+3) | (34 m)2

2. (a) Solution 1:

. V9+1t-3 . t . 1 1 1
lim ——— =lim —— = lim = ==
oy 7 t=0¢(/O+t+3) t=0,9+¢+3 V9+3 |6

Note: we multiply both numerator and denominator by the inverse /9 + ¢ + 3:

VI+t—3VO+t+3  9+t—9 1
t VIFTE+3 t(VIFE+3)  VOTtE+3

Solution 2:(preferred solution)

By L’Hospital’s Rule:

lim = (9+1)"% = I ! !
m — = 11m —- =\ —
t—0 2 t—0 2(,/9 + t) 6
33 — 12 0
(b) lim 9T T 22 _ » 2 Indeterminate form

e——222—-3x—10 0

By I’'Hospital’s Rule:

i 922 —12  9(-2)2—-12 24 |-24
1m = = — =
-2 21 —3 2(-2)-3 -7 7




=3 sec(x)[% + ztan(z)]

() g(r) = 20)
, o tan(z), (@ +1))(sec®(x)) — (tan(z))(3z?) | sec®(x)  3a?tan(x)
Apply quotient rule: ¢'(x) = (x3 n 1) =( @ +1)? B
(c) h(x) = arcsin(5x) = sin~!(5z) (Note that: (sin~!(u)) = \/1117u2)
1 5]

Apply Chain Rule: h/(z) = b=
PPy A R Vo e

z+3— xsec’(z
4. (a) [ [5 3 " ( )]dx:f(E)—i—%—secz(x))dx:f5dx+3f%dx—fsec2(x)dx:

‘5x—|—3ln|x| — tan(z) +C"

w3

= (3 — sin(g)) — (¥ —sin(0)) =eF —1-1=

(b) fog [e” — cos(z)|dz = (e* — sin(x))

5. Let y = f(x) so sin(z.f(z)) + (f(z))?® = 22

0

Differentiate:

L (siGer @) + (F@)7) = 2 (5%) = cos(o @) (LI (@) +2.7'() + 3 (@) (2) = 20

d d d
= cos(zy)(y + x%) + 3y2.d—i =2z = (zcos(zy) + 3y2)£ + ycos(zy) = 2z

d
= (zcos(zy) + 3y2)£ = 2z — y cos(zy)

d _
|y _ 2z — ycos(zy)
dx  xcos(xzy) + 3y?
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6. a(t) =t?> — 7t + 6 Acceleration

s(0) = 0,s(1) = 5 Initial conditions

Find the position function s(t), where a(t) = s”(t)

7
Velocity, v(t) = 3~ 5152 + 6t + C, C some constant
L th T e
Position, s(t) = B ét + 3t + Ct + D, D some constant

Plug in the initial conditions to find C & D:

$(0)=04+04+0+0+D=0s0, D=0

1 7 1 7 37
So s(t)—ﬁ—zt3+3t2+£t
’ 126 12
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0 1/2 ] 3/4 2

f@) = s
Ly = (f(xo) + Flm) + f(a2) + f(3) Az = (£(0) + () + F1) + F5)-5
(ot ot de i
 [1301]
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8. f(x):
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/
e__

Let z(t) = distance from the boy’s feet to the top of the pole.

20 m

x(t) ——>

x(t) = position of the boy at time ¢.

2'(t) = —1 m/sec.

Find 2/(t) When z(t) =5

When z(t) =5, = 22 = 52 + 202 = 22 = 425 = » = /425

We know that (2(2))? = (z(¢))? + (20)?

So, V425.2/(t) = 5.(—1) = | 2/(t) = ——=m/sec|

C(150) — C(100) (7500 + /125(150)) — (7500 + /125(100))

1 . r == =
0. (a) Caverage 150 — 100 50

V/125(150) — 1/125(100

) ~ ’ 0.50 dollars/bulb ‘

50
1 1 125 1
b) C’ = — 125 = —.
() €0 =5 e 2 ViZr
12 1 1
C'(125) = —57 = | —dollars/bulb
2 /(1252 |2
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11.

|
—_— = = 4=

(a) g(2) = 2, f(t)dt = T+ IT+IIT+ 1V =[0]

(Because [ + I =0=III+1V).
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12. Sign chart for f'(x):

1 2
5(:1: +5)(z —1)ez =0 =z = —5,1 critical numbers on (—o0, c0)

++++ T ++++
(@) : =
-5 1

Local max Local min

f(z) is increasing on (—oo, —5) U (1, 00)

f(x) is decreasing on (—5,1)

Sign chart for f”(x) :

—8 — 52 —8+ /52
=

1 x
Z(x2+8x+3)ea:0:>x2+8x+3=0=>gc: 5 , 5 r~ —7.6,-0.39

e T ++++
(@) = =
-7.6 -0.39

Point of inflection Point of inflection

f(z) is concave down on (—7.6,0.39)

f(z) is concave up on (—oo, —7.6) U (—0.39, c0)

f(x) has a horizontal asymptote at y = 0.
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Graph: Putting together all of the information solved above and given in the problem:

Point of inflection

local Max

Local Min
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