Math 111-01, Fall 2022 Professor Rob Benedetto
Solutions to Practice Problems 2

Differentiation Rules Differentiate the following functions. Simplify your answers unless otherwise
specified.

1. y = sin®(2?)
2

Solution. 3’ = 3sin?(z3) - cos(z3) - 322 = | 922 sin?(23) cos(z?)

2. y = cos?(3x)
Solution. y' = 2cos(3z) - (—sin(3x)) -3 = ’ —6 cos(3z) sin(3x) ‘

3. f(t) = t*sin’(2t)
Solution. f(t) = t*[5sin?(2t) - cos(2t) - 2] + sin®(2t) - 2t = [ 10t? sin*(2t) cos(2t) + 2t sin®(2t)

L H(z) = (1—52>5

2\4 _ 20 2\4
Solution. H'(x) = 5(1 - ?) (4273) = E(l - ﬁ)
5. f(z) = Va3 +8
Soluti ooy 1 3.4 8)2/3.3,2 — a?
olution. f (:C) = g(ﬂf ) Tor = (x:s + 8)2/3
1
3 + tan (t)
690 =@~
. , (1+12) {3152 +sec? (1) - ( ] (t?’ + tan (%)) - (2t)
Solution. ¢'(t) = 0+ t2)2
B t4 4+ 3t2 — (1+ t_2) sec? (%) — 2t tan <;)
- (1+¢2)2
7 ( ) — ;
P = (—2x 4 3)5
Solution. p(z) = (=224 3)7°, so p'(z) = =5(—2z+3) 7% (-2) = (_2;_(:3)6
_ (2ot 1)
8. () = (3x +1)%

Bz +1)*-3(2x+2)%2-(2) — (2 +1)%- 43z +1)3- (3)

Solution. r'(x) =

3 1)8
62+ 1) 3z +1)*[(Bz + 1) — 2(2x +( 1)] )6(2:15 +1)?[3x + 1 — 42 — 2
B Bz +1)8 B Bz +1)°
62z +1)*(—x—1) | —6(z+1)(2z +1)?
N (3z +1)° N (3z +1)°

1+22\*
9. S(x) = (1—|—3m>



Solution. S’'(z) = 4(1 +2x)3‘ [(1 +3z)-2— (14 2x)- 3}

1+ 3z (1+3x)?
41+ 22)* - [24 62 —3—62] | —4(1422)3
(14 3x)° | (14 32)p

10. g(z) = cos(3x) sin(4x)
Solution. ¢'(z) = cos(3z) cos(4z) -4+ sin(4z) (—sin(3z)) - (3) = ‘ 4 cos(3x) cos(4x) — 3sin(3z) sin(4x) ‘

11. g(z) = (z + 72 %)v2x + 1 cos?(6z)
Solution. g(x) = (z 4 7z~ %) [V2z +1 COSQ(6$)], o)

J (@) = (x + T2~ [m -2cos(6) - ( —sin(6)) - (6) + cos?(6z) - 2\/% )

+[V2z +1 6052(616)] (1—42z77)
=|(x + 727 %) cos(6x) [ — 12v/2x + 1sin(6x) +

cos(3x)
sin(4x)

cos(6x)
2 +1

|+ VEE T T~ 42077 cos?(6)

12. g(z) =
sin(4z) ( — sin(3z) - 3) — cos(3z) cos(4x) - 4

Solution. ¢'(x) =

sin? (4x)
| —3sin(3z) sin(4x) — 4 cos(3x) cos(4x)
- sin?(4x)
2\3
13, w— 5(1 + z°)
zv2z +1
o2z + 1(15(1 + 2%)? - (22)) — 5(1 + 2?)3 [z - 2\/21ﬁ 242z +1-1]
Solution. w' = e
222z +1)

30222z + 1)(1 4+ 22)2 — 5(1 + 22)3[z + (22 + 1))
- 22(22 + 1)3/2
5(1 4 22)?(62* (22 + 1) — 3z + 1)(1 + z?))
- 22(2x + 1)3/2
5(1+2?)(122% + 622 — 3z — 1 — 323 —2?) | 5(1 + 22)(92° + 522 — 3z — 1)

z2(2x + 1)3/2 22(2x + 1)3/2

14. y = ((2* + 32)* + ) S/
Solution. y' = —g (2% + 32)* + 2] 712/7[4(1'2 +32)3(2x + 3) + 1]

15. g(t) = cos <sm3 (thﬁ))

Solution. ¢'(t) = —sin (sin3 (

t

m)) -3 sin? <\/tt—i—71) -cos

VEFT-(1) =t 5A=-1
(7= 2]

Vit1/ t+1
VAT Wt gl t41-%  t+2

Note that = = . So

t+1 (t+1)3/2  2(t+1)3/2
iy 3t +2) .3 t .92 t t
90 = 5y (50 () ) o () eos ()
16. g(x) = cos?(6z) ( ;zni 1>
Solution.



\/2x+1'sec2x—tanx2\/21xﬁ(2) tanz
2z +1 20 +1
(2z + 1)sec’ x — tanx 12 tan  cos(6x) sin(6x)

(2z 4 1)3/2 * V2zx+1

Differentiation Rules Compute the following derivatives, and simplify your answers. (In some cases
you may want to simplify before differentiating, but I won’t give you that hint on the exam.)

¢ (z) = cos?(6z) -2 cos(6z) - (— sin(6z)) - (6)

= cos?(6z) [

1 .
17. K (z), where k(z) = —+ 53

1
Solution. k(z) =z ! + 523, so k' (z) = —2 72 4 152 = -+ 1522
x

18. H'(z), where H(z) = (x + Vat +1)°

1
Solution. H'(z) = 5(z+Va* + 1)4[1+§(:c4+1)_1/2(4x3)] =|5(z+ Vat+ 1)4[1 + 223zt +1)71/?

T
19. ¢/, where > —
/ y+1 Y
Solution. Differentiating % — p? y2 implicitly gives
Y
+1) —zy
(y(y_|_)1)2y =2r — ny/7 SO (y + ].) — {L‘y/ = 21‘(y + 1)2 _ 2y(y + 1)2y/7 o

20(y+1)* = (y+ 1)

[2y(y + 1)% - zly' = 2x(y + 1)? — (y + 1), which means |y =

2y(y +1)° —
d 2422 -7
20. é, where v(z) = gj—i_e}/g

Solution. We have v(z) = 2 /3 (2% 4 22 — 7) = 2°/3 4 223 — 7271/3,
dv 5952/3 + éxq/s 4 gx74/3

SO — =

dz 3 3
21. f'(x), where f(z) = V22 + tanz

1
Solution. f/(x) = g(xQ + tan z) ~%/3(22 4 sec? z)

22. 7/(x), where r(z) = 23 sec?(5z — 3)
Solution. r'(x) = 3z?sec?(5x — 3) + 2* - 2sec(5z — 3) sec(bz — 3) tan(5z — 3) - 5
=|2%(3 + 10z tan(5x — 3)) sec®(5z — 3)

dh
23. e where h(t) = (3t — 1)7(4t + 3)°

Solution. % =7(3t—1)°-3- (4t +3)° + (3t —1)7-9(4t +3)% - 4
= 21(3t — 1)5(4t + 3)° +36(3t — 1)7(4t + 3)®  (can stop yet!!!):
= 3(3t — 1)%(4t + 3)[7(4t + 3) + 12(3t — 1)] = | 3(64t + 9)(3t — 1)5(4t + 3)8

dF
24. o where F(y) = o> coS /Y
Y

= |2ycos/y — Zsin VY

dr
Solution. i = 2ycos\/y — y? sin NOE Q\f




2
25. E, where G(u) = su
du

ud — 5sinu
. d 6u(u® — 5sinu) — 3u?(3u? — 5cosu) —3ut — 30usinu + 15u? cos u
Solution. — = - = :
du (u? — Hsinu)? (u? — 5sinu)?

More Derivatives:
26. Find the second derivative of each of the following functions. (Hint: you might save some work
by simplifying. And I won’t give you that hint on the test.)

2?43z -7 -1
= - = —— — 2 — 4
fla) = g(t) = W) = oV

2 _ 2 —

Solution. f(z) = g;-i-\3f;;7: First, note: f(z) = JJH))\/;? =232 43212 — 72712, So
3 3 7 3 3 21
rey 212 2 ~1/2 L 3/2 ey 9o —1/2 9 -3/2 4L _5/2

fi(z) 57 + 5% + 5% 7, 80 () 1% i 17

-t -t -1
g(t) = PR First, note: g(t) = P (2 — ) _ t3. So ¢'(t) = 3t%; so | ¢"(t) = 6t

h(zx) = x\/; 4 has no obvious cancellations. So we compute:

B (x) = (2% — 4)Y2 §(m2 C)TV2(22) = (a2 — Y2 4 22(2? — 4)7Y2 = (22— 4)7V2(22 — 4 4 42)
= (222 — 4)(a® — 4)"1/2,

So h'(x) = (4z)(x® — 4)7V/2 + (222 — 4) (—;) (22 — 4)73/2(22)
= dz(x® — )7V —22(2? — 2)(a® — 4)73/? = 22(22% — 8 — 2% 4+ 2)(a® — 4)73/?

= | 22 (2? — 6)(a® — 4)73/2

27. Let f and g be two differentiable functions, and suppose that their values and the values of their
derivatives at x = 1,2, 3 are given by the following table:

2 [1[2]3]
flz) | 31215
flx)|-2]1]3
glx) | 3114
g'(:c) 327

Let h(x) = f(g(x)) and k(z) = f(x) - g(
Solution. We have h'(2) = f/(¢(2))4'(2
g9(f(

and K'(1) = f(1)-¢'(f(1)) - f/(1) +
=37 (=2)+4-(-2)=[-50]

28. Let f and g be two differentiable functions, and suppose that their values and the values of their
derivatives at x = 2,3 are given by the following table:

e [2]3]
f(z) | 4]0
fl@) | 1]-7
glz) | 3 |-1
g'(x) | 5] 4
Let h(x) = f(x)g(x), k(z) = gg;, and W(z) = f o g(x). Compute h'(2) and k/'(2) and W'(2).

4



Solution. We have 1/(2) = f(2)¢'(2) + f'(2)9(2) =4- (=5)+1-3 =|—17
9(2)f'(2) = f(2)g'(2) _ 3(1) —4(=5) _ |23

(9(2)) 9
We have W'(2) = f'(9(2)) - 9'(2) = f'(3) - (=5) = (=7)(-5) =
29. Let f(z) = Vo +1- g(x) where g(0) = —7 and ¢'(0) = 4. Compute f'(0).
Solution. We have f'(z) = vz + 1-¢'(z) + g(x) !

We have k'(2) =

2z + 1
Sof/(o):m~g'(0)+g(0)-2\/(%:1.4+(_7),;:;
30. Let f(x) = ;Z;)_l where ¢(0) = —7 and ¢’(0) = 4. Compute f'(0).
9(2) s==(22) — Va? + 1¢/(z)
ion. We have f/(z) = 222 + 1
Solution. We h I(x) OO
9(0)=—=(0) = v14'(0 )

/ 2\/ 4

A 0 A

More Implicit Differentiation: For each of the equations described below, find an equation of the
tangent line to the curve at the given point.

31 23 + 2%y +4y® =6 at (1,1).

o dy d
Solution. Differentiating 3+ 22y + 4y2 = 6 implicitly gives 322 + 2zy + 22 . + 8y dy 0,
x
dy dy  —32% -2y
2 2
8y) Y = 342 2 W _ ey
o (z° + 8y) T x zy, 80 - 1 8
d
At (1,1), the slope of the tangent line is therefore d—y =(-3-2)/(1+8)=-5/9.
x
. . ) . ) 14
The point-slope formula gives y — 1 = —g(x —1); that is, |y = —9% + o
32. 4(x +y)? = 2%y? at (—2,1).
d d
Solution. Differentiating 4(z 4 y)? = 2%y? implicitly gives 8(z + y)(1 + d—y) = 2z9° + 2x2yd—y,
x x
dy d dy
so 4x + 4y + == . (4:E—|—4y) =z’ +z yd—y SO d—(4x—|—4y—x y) = zy? — 4z — 4y,

dy xy? —4x — 4y
so > =" 7
dr  4x + 4y — 22y

d
At (—2,1), the slope of the tangent line is therefore d—y =(—2+8-4)/(-84+4—-4)=-1/4.

x
1 1 1
By the point-slope formula, y — 1 = —Z(x + 2); that is, |y = —Zaz + 3
33, —~ at (1,0)
. = 2% — )
y+1 v’
dy
Solution. Differentiating T % — y2 implicitly gives w+1)- 93% =2x — 2y dy
' y+1 (y+1)2 dx’
d d d
soy+1-— xﬁ =2zx(y + 1)2 —2y(y + 1)2£, so (2y(y + 1)2 — )é =2z(y + 1)2 —y—1,

5



dy 2x(y+1)?—y—1
dr  2y(y+1)2—=
d
At (1,0), the slope of the tangent line is therefore cTy =2-1)/(-1)=-1.
x

The point-slope formula gives y — 0 = —1(x — 1); that is,

34. 4cosxsiny = 3 at (w/6,7/3).

SO

d 3 3
Solution. Differentiating gives: —4sinz siny + 4(cos x cos y)—y =0, and so 4y _ AnTsmy

dz dr  cosxcosy
. dy _ (1/2)(V3/2) _
At (7['/6,77'/3), this means @ = m =1

So the tangent line is y — 7/3 =z — /6, that is, |y =z + /6

35. y® — xy? + cos(xy) = 2 at (0,1)

Solution. Differentiating gives: 3y2d—y — <2a:ygy + y2> — sin(zy) (gzdy + y) =0,
x

dz dz
d d d d 1
and at (0,1), this means 3% - <Odi/c + 1) — sin(0) (Odi + 1> = 0 which implies % =3

1
So the tangent line is y — 1 = %(x —0), that is, |y = gx 41

Related Rates:

36. A rowboat is in the water near a dock, and a rope attached to the bow of the boat is connected
to a winch on the dock. The winch is 6 ft above the water, and the bow of the boat is 1ft above the
water. The winch pulls the boat towards the dock by retracting 1ft of rope per second, keeping the
rope taut. When the boat is 12 feet from the dock, how fast is it moving towards the dock?

Solution. Picture at arbitrary time ¢ is:

dock

’ boat H

Variables:
x = horizontal distance of boat to dock, in feet
z = length of rope, in feet
Equation: x? + 25 = 22.
dz

d
Differentiate both sides w.r.t. time ¢: Qxd—i = 225

d
Solve: at key moment, £ =—1and z =12.

So in original equation, z = /144 4+ 25 = 13.

So at that ; dzx zdz 13
oa at moment, — = —— = ——.
Tdt xdt 12

13
So the boat is moving towards the dock at 1 feet per second

37. A hot circular plate of metal is cooling. As it cools its radius is decreasing at the rate of 0.01
cm/min. At what rate is the plate’s area decreasing when the radius equals 50 cm?

6



Solution. Diagram:

Variables:

r = radius of the metal plate at time ¢, in cm

A = area of the metal plate at time ¢, in cm?

Find “= =7 when 7 = 50 cm and — = —0.01——
dt dt min

Equation: A = mr2.

d d
Differentiate both sides w.r.t. time ¢: s = 27rrd—z

dA
Solve: at key moment, i 27(50)(—0.01)

A 2
So:g——:]DOwQ—OOl):~—w9£f
dt min

Answer: The plate’s area is shrinking at a rate of |7 cm?/min

38. A child is flying a kite at a height of 300 feet above the level of the child’s hand. The kite is being
blown by the wind so that it is moving horizontally at 25 ft/sec. Assuming that the string is always a
straight line from the child’s hand to the kite, how fast is the child letting out string at the moment
when the kite is 500 ft from the child?

Solution. Picture at arbitrary time ¢ is:
x

kite
300

child
Variables:

x = distance height is horizontally from above the child’s head, in feet
y = length of string, in feet
Equation: z2 + 3002 = 3?2
dx dy

Diff tiat .t ti t: 20— = 2y—

ifferentiate w.r.t. time T Y
Solve: At the key instant, y = 500 because the kite is 500ft from the child.
Ny the original equation 22 + 3002 = 32, we get 22 = 500 — 300% = (100)2(25 — 9) = 16(100)? = 4002,
so x = 400ft.

d
Since dizf = 25ft/sec, we get

dy 20000
4 = / _— e —_— .
2(400)(25) = 2(500)y’, so 7 = 1000 = 20

So the child must be letting out kite string at | 20t /sec

39. Suppose a snowball remains spherical while it melts, with the radius shrinking at one inch per
hour. How fast is the volume of the snowball decreasing when the radius is 2 inches?

Solution. Diagram (cross-sectioned in 2 dimensions here):



Variables:
r = radius of the sphere at time ¢, in inches
V = volume of the sphere at time ¢, in in®

Find % =7 when r = 2 feet and % = —1%

4
Equation: V = §7T7“3
Vv d
Differentiate w.r.t. time t: — = 47r7"2—r
dt dt
d
Solve: with o —1:
dt 5
dav 9 in

So: The volume of the snowball is decreasing at a rate of ‘ 167 cubic inches per hour

40. A kite 100 feet high is being blown horizontally at 8 feet per second. When there are 300 feet of
string out, (a) how fast is the string running out? (b) how fast is the angle between the string and
the horizontal changing?

Solution: (a): Diagram: The picture at arbitrary time ¢ is:
x

kite

100

child
Variables:

x = distance kite has travelled horizontally at time ¢, in feet
y = distance between kite and child at time ¢, in feet

d d ft
Find 2/ =7 when y = 300 feet and &% =8
dt dt sec
Equation: x? + 100% = 42
d d d d
Differentiate w.r.t. time t: 2:U—x = 2y—y SO T _ Y

di dt’ Tat " Var
Solve:

when y = 300, we have z = 1/(300)2 — (100)2 = +/80000 = 200v/2. So, 200+/2 - 8 = 300

dy
dt
. W _ 1600v2 _ 16v2 ft.

S dt 300 3 sec

Answer: The string is running out at a rate of feet per second

1642
3

(b): Same diagram, with one new variable (which I already put in the diagram above):
6 = the angle between the string/horizontal, in radians

100
Equation: tanf = —.
x



de 100 d. do 100 d
Differentiate: sec? Ha = —?d—f, SO T2 - cos? Hd—f.

Solve: At the key instant when y = 300, using the original equation, we have x = 1/(300)2 — (100)2 =

/80000 = 200+/2.

adj  200v2  2v2

Therefore, cos = byp 300 3

do 100 (2\6)2 1 8
dt (200v/2)? 3 9

8
So the angle is decreasing at a rate of 900 radians per second

41. A 6 foot tall man walks with a speed of 8 feet per second away from a street light that is atop an
18 foot pole. How fast is the top of his shadow moving along the ground when he is 100 feet from the
light pole?

Solution. Diagram:

Variables:
r = man’s distance from pole at time ¢, in ft

z = distance from tip of shadow to pole at time ¢, in ft
dz dx

t
g =? when z = 100 feet and o SQ (He’s fast!)
. . .. . z Z—T . .
Equation (via similar triangles): ®= g e 6z = 182 — 18z, i.e., 3 = 2z.
d d
Differentiate w.r.t. time ¢: 3—3: — 9%
dt dt
d d ft
Solve: This means 3(8) = 2—2, ie., G DR
dt dt sec

So: The tip of his shadow is moving along the ground at a rate of | 12 feet per second

42. Two trucks leave a depot at the same time. Truck A travels east at 40 miles per hour, while Truck
B travels north at 30 miles per hour. How fast is the distance between the trucks changing 60 minutes
after leaving the depot?

Solution. Diagram: here’s the Picture:

Truck B

)

Truck A

Variables: v

x = distance Truck A travelled East at time ¢, in miles

9



y = distance Truck B travelled North at time ¢, in miles
z = distance between Trucks A and B at time ¢, in miles

d d d
Find &g after 1 hour, when x = 40 miles, y = 30, e _ 40 m.p.h. and Y _ 30 m.p.h.
dt dt dt
Equation: z? + 3% = 22
. . . . dx dy dz . dx dy dz
Diff tiate both sid It t t: 20— +2y— =2z—, i.e., x— —_— =z
ifferentiate both sides w.r e xdt+ ydt zdt,le,xdt—i-ydt zdt’
Solve:

At key moment, original equation gives z = 4/(40)2 4 (30)2 = 50,
so derivative equation is: 40(40) 4+ 30(30) = 50%
o dz_ 16004900 _

dt 50 N

Answer: The distance between the trucks is increasing at a rate of ‘ 50 miles per hour

50 m.p.h.

43. Suppose a spherical balloon is inflated at the rate of 10 cubic inches per minute. How fast is the
radius of the balloon increasing when the radius is 5 inches?

Solution. Diagram (cross-sectioned in 2 dimensions here):

Variables:
r = radius of the sphere at time ¢, in inches
V = volume of the sphere at time ¢, in in®

d d in?
Find 7 —2 when r = 5in, and % — 10-%-
dt dt min
Equation: V = 5777“3
d d
Differentiate w.r.t. time t: — = 4777“2—T
dt dt

d
Solve: 10 = 477(5)2d—:,

dr 10 1 in

00t T 100m 107 min

1
So: The radius of the balloon is increasing at a rate of Tom inches per minute
T

44. A child riding in a car driving along a straight road is looking through binoculars when she sees
a water tower off to the side. The tower is located 1500 ft from the nearest point on the road. At a
particular moment, the car is moving at 80 feet per second, and the car is 800 feet from that nearest
point to the tower. How fast must the child be rotating the angle that the binoculars are pointing to
keep the tower in view?

Solution. Diagram:
tower

1500

car

10



Variables:
x =distance from car to nearest point to tower at time ¢, in ft

0 = angle binoculars form with straight road at time ¢, in radians

do d ft
Find = =? when z = 800 feet and — = —80—
dt dt sec
(Note this derivative is negative because in the picture, we have the car driving left to right towards

the nearest point.)

1500
Equation: tanf = ——
T

dt 2?2 dt

Solve: At the key moment, the hypoteneuse is

V22 + 15002 = /8002 + 15002 = 100v/82 + 152 = 100/289 = 1700
hyp 1700 17

adj 800 8

do 1500 d
Differentiate w.r.t. time ¢: sec?— = — v

so at that moment, sec =

2 1500 (—80)
17 do 1500 . do _m' - 12 '
So ( 3 ) 7 (800)2( 80) at is, 7 (17/8)2 2890 radians/sec

12
So: The child must be rotating the binoculars at a rate of 289 radians per second

45. A photographer is televising a 100-meter dash from a position 5 meters from the track in line with
the finish line. When the runners are 12 meters from the finish line, the camera is turning at the rate
of % radians per second. How fast are the runners moving then?

Solution. Diagram: The picture at arbitrary time ¢ is:

.@ * . finish

photographer

Variables:

x = distance between runners and finish line, in meters
0 = angle camera is turned from finish line, in radians

Find d—x =7 when z = 12 and d—e = —§@
dt dt 5 sec
Equation: tanf = %
Differentiate: p J "
2 T . X 9
02 =~ e, & psec? 9
OV Ty a0
Solve: By the Pythagorean Theorem, hyp = /5% + (12)2 = /169 = 13.
hyp 13
S f=—"22 ==
o sec ad] =
S0 wity, 90 _ 3 Jdr_ (13 23 3.132 507
O W1 — = —, We get — = —_ « — — = —,
at 5 8% g 5) 5 52 25

11



So the runners are moving at 25 meters per second

Absolute Extrema: Find the absolute maximum and absolute minimum values of the following
functions on the given intervals.

46. f(z) = 32%/3 - % on [1,1].
Solution. (By Closed Interval Method):

1
f(z) = 2z~ 1/3 — 7 which is defined everywhere except z = 0

1/3

1
Solving f" = 0 gives 213 = T ie., 8 =x!/3 ie., x =8 =512, which is not in the interval

So the only critical number is x = 0. Testing it and endpoints:

1 13 1 11
FED =3+ ==, f0)=0-0=0, f()=3- =—
4 4 4
. .13 - ;
So the | absolute maximum is T and the ‘absolute minimum is 0‘
2 —1
Solution. (By Closed Interval Method):
W () 22(z? +1) — 2z(2® — 1) 223 +22 — 223+ 22 4x
x) = = _
(22 +1)2 (2 +1)2 (22 +1)%
which is always defined (because the denominator is never zero).
Solving h' = 0 gives = 0.
So the only critical number is x = 0. Testing it and endpoints:
-1 8§ 4
h(—-1) = h(0)=—=-1, h(3)=—=-.
4

So the | absolute maximum is v and the ‘ absolute minimum is —1 ‘

48. F(z) = —22% + 322 on [—1,3].
Solution. (By Closed Interval Method):
F'(x) = 62 + 62 = —6z(x — 1)

which is always defined.

Solving F' = 0 gives = 0, 1, both of which are in the interval. Testing them and endpoints:

F<_21> _ 2( ;) +3(i> —1, F(0)=0, F(1)=-2+3=1, F(3)=—2(27)+3(9) = —27

So the ‘absolute maximum is 1 ‘ and the ‘ absolute minimum is —27‘

49. f(x) =23 on [-1,8].
Solutiog. (By Closeéd Interval Method):
f(x) = 590_1/3 =39
Solving f’ = 0 gives no solutions. So the only critical number is = 0. Testing it and endpoints:
fED=(VED) =) =1 [0 =(V0)* =0, f@8)=(V8)' =@ =4
So the ‘absolute maximum is 4‘ and the ‘ absolute minimum is O‘
12

which is defined everywhere except x = —0.




