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2
-2
8 4=0whenx=i\/5 and is undefined when x = +2.
xZ—
Test one point on each subinterval: for
2 2
-2 -2
= —5-, x_2_= 1—7; forx=-1.9, x2_ =—4.13;
2 x-4 9 x‘-4
2_..
forx=0, —2—2 = l; forx=1.9, x2 2 =~—4.13;
x—-4 2 x*—4
2
-2
andforx = 2, x = H.The function changes sign
2 x2-4
at -2, —\/E, \/5 and 2. The graph is
LA Bl + |—|+|f(X)x
3 22 V22 03
1

is undefined when

9, sec(1+J1—sin2 )=

x=0.9633+kx or 2.1783+ kx for any integer k.

Test for x=0: sec(1+,/1—sin2 0) =—2.4030.

Test for x=+1: sec(1+ 1/1— sin® 1) =~ 32.7984. The sign

alternates over successive subintervals. The function
changes sign at 0.9633 + k7 or 2.1783 + kz, where k is an

integer. The graph is

cos(1+Icosxl)

- B . f&x)

t t ; t X
—2.1783 -0.9633 0.9633 2.1783

10. On the interval, sin —1— =0whenx = i or L Test one
X in 2zx
point on each subinterval: for x=0.1, sin(l) =—0.54;
x
forx = 0.15, sin(l) =0.37; and forx=0.2,
x

1
sin(—) =~ —0.96. The graph changes sign at 51—, and L
4

x 2r
The graph is
[ + 1 |f(X)
T T T T X
01 L 1 0.2
3r 2

Section 7.1 Exercises

1. (a) Right when v(¢) > 0, which is when cos £> 0, i.e.,

when 0£t<§or%<t£2n. Left when cos ¢ < 0,

i.e., when z <t< 37” Stopped when cos £ =0,

. T 3
ie.,when f=—or—.
2 2

(b) Displacement =
2
jo Scostdt = 5[sin t]%" = 5[sin 27 —sin 0]=0

Final position =3+0=3
(c) Distance = _[27;]5 cos t| dr
0

ni2 3x/2 2r
= J Scostdt+ I —5costdt+f 5costdt
0 72 312
=5+10+5=20
2. (a) Right when v(#) > 0, which is when sin 3¢ > 0,
ie., when0<f< g Left whensin3f <0, i.e., when
P t Sg. Stopped when sin 3¢=0, i.e., when t=0 or %

3

/2

. a2 1
(b) Displacement = J o 6sin3ztdt = 6[—§ cos 3t}
0

= —2[cos§7—r— cosO] =2
2
Final position=3+2=35
. w2,
(c) Distance = Io |6sm3t| dt

w3 /2 .
=j 6sm3tdr+j —6sindtdt=4+2=6
0 /3

3. (a) Right when v(#) =49 -9.8¢> 0, i.e.,, when 0 << 5.
Left when 49 —9.8¢ < 0, i.e., when 5 < t £ 10.
Stopped when 49 — 9.8:=0, i.e.,, when £ = 5.

(b) Displacement = J.:)O (49-9.8t)dr

- _ 270 _ _ —_0l=
= [49: 4.9¢ ]0 =49[(10-10)-0]=0
Final position=3 +0=3.

10
(¢) Distance = [ "[49-9.81/dr

5 10
= [, 4998 dr+ [ (~49+9.81)dr
=122.5+122.5 =245
4. (a) Right when
v(t) = 66 — 18t + 12 = 6(t — 1)(t - 2) > 0,
i.e., when 0 <7< 1. Left when 6(z — 1)(#-2) <0,

i.e., when 1 << 2. Stopped when
6(t—1)(t-2)=0,i.e, whent=1,or2.

2
(b) Displacement = jo (61 —18¢ +12)dt
2
_ 3_g42 — _ _ -
=[29 -9 +12¢] =[(16-36+24)-0]=4
Final position=3+4 =17
. 21,2
(¢) Distance = [ [6r* ~18:-+12]r

() 2 2
=j0(6t —18t+12)dt+j1 (=6t +18¢—12)dt
=5+1=6



5. (a) Right when v(t) > 0, which is when sin ¢ # 0 and

. T 3r
cost>0,1e.,when0<t< —2— or—2—<t<27z:. Left
. . T
when sin 7 # 0 and cos ¢ < 0, i.e., when 2 <t<mor
3 .
T<t< > Stopped when sin ¢ =0 or cos =0,

i.e., when =0, E, T, 3—”, or 27.
2 2

. 2n .2 1 .3 o
(b) Displacement = _[0 Ssin“fcostdt=35 gsm t
. o
=5[0-0]=
Final position=3 +0=3

. 27| . o
(¢) Distance = Jo |5s1n tcos t] dt

a2, 3r/2 .2
2-[0 5sin tcostdt+_[ " — 5sin“ rcostdt
T

2
+J- i 5sin® tcost dt
3n/2
5 10 5 20
=—+—+-—=—
33 3 3
6. (a) Right when v(z) > 0, which is when 4 — > 0, i.e.,

when 0 <t < 4. Left: never, since 4 —¢ cannot be
negative. Stopped when 4 — =0, i.e., when t =4,

4
(b) Displacement = I: Jad—t dt=[— % @a-n** ]
o

2 16
——5[0—8]——-

Final position = 3+—6 ?

(¢) Distance = j:J4— fdt= %

7. (a) Right when v(¢) > 0, which is when cos ¢ > 0, i.e., when
0<t< g or 37” <t < 2m. Left when cos <0, i.e., when

Z;— <t< 37” Stopped when cos £ =0, i.e., when’

t=—or—.
22

. _ (%7 sint [ sint TP#
(b) Dlsplacemfant—j0 e costdt—l:e ]0

=[e’-e’1=0
Final position=3+0=3

m . nf2
(¢) Distance = ‘[ P cost‘dt = -[o/ ™ costdt+

3”/ smt
j”/z Costdt+J. / " costdt

=(e—1)+(e—1)+(1—1-)= 2e-2~47
e e e
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8. (a) Right when v(#) > 0, which is when 0 < ¢ < 3. Left:
never, since v(¢) is never negative. Stopped

when t=0.
1 3
—|:—ln(1+t2)]
2 ]

= %[ln(IO)—ln(l)]z LLSRE

3 ¢
(b) Displacement =
0142

Final position = 3+ 1—219 =4.15

_Inl0

=~1.15

9. (a) v(t) = J'a(t) dt=1+2t¥%+C, andsince v(0) = 0,
wt)= t=+26¥%, Thenv(9) = 9+2(27) = 63mph.

(b) First convert units:
32

3600 1800
t A2
Distance = j —+— dt
0{ 3600 1800

2 T 9 27
= + ={{ —+—|[-0|=0.06525mi
7200 4500 A 800 500

=344.52 ft.

32

t+2t7 mph=—— mi / sec. Then

4

10. (a) Displacement = _[0 (t - 2)sintdt
= [sint—tcost+2cost:|g
=[(Gin4—4cos4+2cos4)—2]~—1.44952m

(b) Because the velocity is negative for 0 < t < 2, positive
for 2 <t < 7, and negative forw < ¢ <4,

Dlstance—J t— 2)s1ntdt+.[ t— 2)smtdt

+I t— 2 sint dt

=[(2-sin2)+(r—sin2-2)
+(m+2cos4 —sin4d —2]
=2m+2cos4—2sin2—sin4—-2=1.914m.

11 (@) (1) = [a(d)dr = [ ~32dr=~32+C,, where

C, = v(0)=90.
Then v(3) = —32(3) + 90 = —6ft / sec.

b

~—

s(0)= [v(eydt =16+ 90t +C, , where
C, =5(0) = 0. Solve s(¢) = 0:

~161%+ 90t = 21(- 81 + 45) =0

whent=0ort= 48—5=5.625 sec.

The projectile hits the ground at 5.625 sec.
(c) Since starting height = ending height, Displacement = 0.
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11. Continued

(d) Max. Height = s[

Je\2
= —16(5'6225) +90(5'6225) =126.5625, and

Distance = 2(Max. Height) = 253.125 ft.

5.625
2

12. Displacement = _[OC v(t)dt=—4+5-24=-23cm
13. Total distance = [ [v(¢)|dt =4 +5+24=33cm

14. Att=a,s=500) + j(;'v(t)dt=15—4=11.
Atr=b,s=s(0)+ [ W0ydr=15-4+5=16.
Att=c,s=s(0)+ j:v(t)dz=15—4+5—24=—8.

15. At t = a, where % is at a maximum (the graph is steepest
upward).

16. At t=c, where % is at a maximum (the graph is steepest

upward).
17. Distance = Area under curve =4 (% el 2] =4

(a) Final position = Initial position + Distance =2 + 4 = 6;
ends at x = 6.

(b) 4 meters

18. (a) Positive and negative velocities cancel; the sum of
signed areas is zero. Starts and ends at x = 2.

(b) Distance = Sum of positive areas = 4(1 ¢ 1) =4 meters
19. (a) Final position =2+ [ v(t)ar
—2-2(0(2)+ 5 ()(2)+1(2)
+2(2)2)-3()()
endatx=S5.
) Jplefar=2()()+ 2 (1)(2)+1(2)+5(2)2)
+50)0)

=7 meters

20. (a) Final position =2+ J :)Ov(t)

=-2.5;
endsatx=-2.5

(b) Distance [ |v(1)|ds

:%(2.3)+_;.(1)(3)+3(3)+%(1)(3)+%(3)(3)

=19.5 meters

10 10
21. jo 27.08 « &' gt = 27.08[25e”25 ]O
=27.08 [25e0‘4 - 25]
=~ 332.965 billion barrels

24
2. _[24 3.9-2.4sin| | e ={ 3.9+ 228 cos| &
0 12 z 12

0
= [(93.6 + &) - &}dt =93.6 kilowatt-hours
T /4

23. (a) solve 10,000 (2—r)=0: r =2 miles.
(b) Width = Ar; Length =27r; Area = 2nrAr

(c) Population = Population density X Area

(@ J10,000(2~r)(27r)dr = 20,0007 (27~ r?

2
= 20,00075[r2 —%ﬁ} = 20,00075[(4—%)—0]

0
80,000
3

7w ~83,776

24. (a) Width = Ar, Length = 27zr: Area= 2arAr

(b) Volume per second
= Inches per second X Cross section area

.3
8(10-r2) 2= « (27r) Arin® = flowin =
seC sec

(©) J; 8(10—r2)(27z:r)4r=16,;J'03 A0r—r¥Ydr

3
=167| 52 =104 | =16m|[45-8L]-0
4 | 4

. 3 .3
=396 —— ~ 1244.07
sec sec

25. (a) Sum of numbers in Sales column = 797.5 thousand

(b) Enter the table in a graphing calculator and use
QuadReg: B(x) = 1.6x% +2.3x+5.0.

© j;l (1652 +23x+5.0)dx

= —1—£x3 +—2'—3—x2 +5.0x
3 2

= 904.02 thousand

11

0

(d) The answer in (a) corresponds to the area of left hand
rectangles. These rectangles lie under the curve B(x).
The answer in (c) corresponds to the area under the
curve. This area is greater than the area of the rectangles.



26. (a) jj)’: (1652 +23x +5.0)ar

10.5

= Ex3 +— 23 22 x% 4+5.0x = 798.97 thousand

3 2 o5

(b) The answer in (a) corresponds to the area of rectangles
whose heights are the actual sales (“midpoint
rectangles”). The curve now gives a better
approximation since part of each rectangle is above
the curve and part is below.

27. Treat 6 P.M. as 18 o’clock:
b— n—1
el e Sasta)estu)
i=1

_18-8

2(10)

+2(120)+2(115)+2(112)+2(110)+(121)]
=1156.5

———[120+2(110)+2(115)+2(119)+2(120)

28. (Answer may vary.)
Plot the speeds vs. time. Connect the points and find the
area under the line graph. The definite integral also gives
the area under the curve.

29. F(x) = kx; 6 =k(3), s0 k=2 and F(x) = 2x.

(@) F(9) = 2(9) = 18N
) W= [ F(x)dx= | 2xdr =[x2]z =8IN+cm

30. F(x) = kx; 10,000 = k(1), so k = 10,000.
d 1 ¢

W=\ kxdx=|-k’®| =—kd* =
(@) fo [2 ] 2

0
=1250inch- pounds

%(10,000)(0.5)2

(b) For total distance: W = %(10,000)(1)2 = 5000

For second half of distance:
W =5000 - 1250 = 3750 inch-pounds

31. False. The displacement is the integral of the velocity from
t=0to t=35 and is positive, since the region that is under
the graph and above the horizontal axis is larger than the
region that is above the graph and below the horizontal
axis.

32. True. Since the velocity is positive, the integral of the
velocity is equal to the integral of its absolute value, which
is the total distance traveled.

33. C. To the nearest whole square, the area under the curve
covers 12 grid squares. (12)(50)(6) = 3600.

34.D. 5+1§(4+2(8) +2(6)+2(9)+2(10)+10)=125.

35.B. j [12+6cos( ]Jdt~12t+6ﬂ:sm[t)|0z725.
T T
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10
36. A. jo 206705 gt = —40¢70 :)" =40

(12-0)
2(12)
+2(0.04) +2(0.04) + 2(0.05) + 2(0.04)
+2(0.06) + 2(0.06) + 2(0.05) + 0.05] = 0.585
0.585

37. ———=[0.04 +2(0.04) + 2(0.05) + 2(0.06) + 2(0.05)

=0.04875.

The overall rate, then, is

(12-0)
2(12)

+2(3.3)+2(3.)+23B.2)+2(3.4)+2(3.4)
+2(3.9)+4.0] = 40 thousandths or 0.040

38, ———=[3.6+2(4.0)+2(3.1)+2(2.8)+ 2(2.8) +2(3.2)

My Ym,x
39. (a) ¥ = —2 =% Taking dm = 5dA asm, and letting
M Zm,

Idm

jdm

. Taking dm = 8dA as m, and letting

I ydm
fan'
40. By symmetry, x =0. Fory, use horizontal strips:
.[ydm Jy&dA _[ydA
fam ~ [6as ~ [aa
[hepe
i _[: 2ydy
4

dA — 0,k — oo yields

My _2my

b)) y=—-+ 7 ka

dA — 0, k — oo yields

y=

41. By symmetry, ¥ = 0. For X, use vertical strips:
dem JdeA jdi
Jam ~ [8aa  [aa

J':x(Zx)dx

X=

J.OZZxdx

2
23
Bl




