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s(t)y=te" =v(t)=s(t)=t(—e )+e -1=e (1-1) = v(0)=€"(1-0)=1.
2 1, .2
The particle’s position at time 2 is S‘((})+JD w(t)dt = 5+j'u (Enf‘ +2t)dt =5+[2r‘ +t ]D
=5+(16+4)-0=25
s(t)=4r -t =2t+1=v(r)=5"(t) =12t =2t -2.
WH) =0 126 —2t—2=0 23t +1)(2t—1)=0 < t =1L, sincet> 0.
a(t)=v'(t)=24t-2 = a(1)=24(1)-2=10.
s(f)=4¢" +82 —161+5 = v(f) = 5'(t) =12¢* +161 —16, and (0.5) = 12(0.5)* +16(0.5) =16 = —5 < 0.

a(t)=v'(t)=2471+16 = a(0.5) =24(0.5)+16 =28 > 0. Since the velocity and acceleration have
opposite signs at t =5, the particle’s speed is decreasing

a(t)=v'(t) =11’ +1 =>u:4)—v(n)+jz P ildr ~ 4+3916=7916

vi)=s'(t)=€"" = s(4) —s{l}+J e’ e dr = 4+ 4.450 =8.850.

ForO<¢ <8, v(z)=0whent=2, and 6. v(f)<Ofor2<7<6, andv(r)=0 forO<t<2and 6<¢<8.
Thus v(¢)reaches a local maximum at ¢ = 2, and this would be when the particle is farthest to the
right.

5(t)=2xt+cos(2mt) = v(t)=s'(t) = 27— 2wsin(27t) = a(r) =v'(t) = —4x" cos(2xt) To find the
maximum velocity, we first find any critical points in the interval: 0=v'(t) = -4z~ cos(2xt)
ecos(2at)=0 < 2at=1x, 2mt=3mordat=3x. 2mt=Lir=t=1 2mt=3xr=1t=%,and

2at=<m1 = t=+. Now evaluate the velocity at the endpoints and critical points:

t velocity at time 7
0 27
0.25 2r-2x sm(%) 0
0.75 2m—2msin(L) =4z
1.25 2r—2xsin(£)~0
1.5 27 —-2xsin(37)=2x

The velocity is maximized at time ¢ =3 when the velocity is 27— 27 sin(£) ~ 47

s(t)=25+te™™ = v(t)=5'(t) = r[—%e'"m] +e™ =¢(1-4). Then

alt) =) =" () (1) () == (1+1-5) =~ (2-5).

a(t)=0 = 2=+L < 40=r. a(t)>0 < r>40,and a(r) <0 < 0<t<40. Thus minimum velocity
of the particle isv(40) =¢™"* (1-£2) =7 (-1)=—€™* whent = 40.

v(t) = ja(t)dr’ = J‘lz cos(3t)dt = 4sin(3t) + C. Then v(0) =2 =4sin(0)+C = C =2. Thus,

v(z) =4sin(3r)+2. The particle is at rest whenv(r) =0 = 4sin(37) = -2 = sin(31) =—1 =

3t =1Z+27n, or3r=L1Z+27n,n any integer. So in the interval [(], ;11'] the particle is at rest when

t=-fand r=14Z.
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s(t)=1" =2 —4r+5 = (1) =31 —4r—4=(3r +2)(r—2). On [0,5] w()=0 < =2, and

3 +4r+4 if 0=r<2

3 —4r—4 if 2<r<5

particle during the first 5 seconds is

Jﬂﬂmm=ﬁfﬁf+M+®ﬂ+£ﬁf—$—mm=[4%JH+ML+PEJH—%I
= (—8+8+8)—0+(125—-50—20)— (—8—8—8) =8+ 63 =71

Using technology, we find I:|3r2 —4r— 4‘ dr=T1.

W) <0<=0<r<2.S0 |v(r)| = { . Thus, the total distance traveled by the

(a) 5(t)=s(3)+ [ v(x)dr =0+ [ (357 —6x)ax =[x =357 | =" =3t" =(27-27) = =3¢,
(b) s(r‘):jv(t}dr‘:j(}ﬁ—6r]dr=r-‘—3ﬁ+C. s(3)=0= (3)'=3-(3)*+C=0=C=0. So

s(t)=1" =3¢,
(¢) The two methods do yield the same position function (as they should).
The first particle’s position at time ¢ is 14+_|.;{8x +4)dx= ]4+[4:)(2 + 41];

=14+ (452 +4t)—(16+8) = 4¢* + 4t —10. The position of the second particle at time r is

23+ [[ (4x+5)dbv =23+ 27+ 5x || =23+(2r* +5¢)~(8+10) =27 + 5+ 5. The particles are at the

same position when 4¢#° + 47 —10=2¢" +5¢+5 = 2t* —t—15= (2t +5)(r—3) =0. Sincet =0, the
particles have the same position at time ¢ = 3.
3r+1 3t+1 If-"‘“'a““

1
q—:»{m:v(nyrj O = 7410.537 =18.537, option (C).
NE +r+1 o ++1

oy . Caleulator
(@) s(6)=s(0)+[ (™ ~1)dr = 3+4575=7575.

alt)=

(b) v(f)="" —1=0 <= ™™ =1 <> tsint=Inl=0 < r=0,7,27. Wf)>0< 0<t<x and
2m <t <7,so0 the particle changes direction twice (from right to left at ¢ = 7 and from left to right at
1=2m).

(c) Using technology, [v(f) =

e — ]| =0.5 © t=a~=3.006308976 and f = b ~ 3.350007340.

_ 6351'n3 _ l _ esinl _1
YO _ ("1 | o306,
3-1 2
(e) Using part (b), the particle is moving to the right when 0 < ¢ < z. After this, the particle starts

(d) Average acceleration= % f a(t)dt =

moving to the left, so largest k£ with the total distance traveled = J*: vit)dtisk=r.

() s(z)=5(0)+ [ﬂ’(e“"“ —1)dx; s(6)=s(0)+ J‘:’(eff-i"’ ~1)dr~ : w(t,)Ax, where Ax = 2 = 2. Thus,

i=l

5(6) = 3+2[v(2) +v(4) +v(6)] =3+2 [(e“i“g —+ (e —1)+ (" - 1)] ~90.797.
() a(t)=v(f)=e"" -(tcost+sint) => a(6) = *"*(6cos6 +sin6) ~1.0252 >0 but

v(6) =€&"™" —1~—0.813 <0, so the particle is slowing down.
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(h) Assuming that the distance function is defined and continuous on [[]', k] and differentiable on

(ﬂ,}c], by the Mean Value Theorem, there exists a value ¢, 0 < ¢ <k, such that
s(k)—s(0) _ s(k)-3
k-0 koo
Using technology, we find that v(7) > 0 for 2 <¢ < a ~ 3.544907702, and v(¢) <0 for a <t < 5. Thus,

in the interval [2,5], the particle is farthest to the right at time¢ = a. The position of the particle at this
CAS

time iss(2)+ [ v(t)dt ~ 6+3.256=9.256, choice (A).

vie)=s'(c)=

(a) Total distance traveled = _I.ﬂm |sin (37”)| dt.

(b) The particle is moving to the left when the velocity is negative. In the given interval,
sin(£1)<0 <> 4<t<8.

(c) The position of the particle at times =3 is s{t})+_|':sin (ft)dr= 3+|:—%COS(%I):|3

= 3+[—%cos(3{}—(—§}] =3+%(—"E@+1).
(d) a(r)=v'(t)=%cos(51) = a(3)=%cos(%)=—%-L=—2 At the same time,

0

v(3) =sin (Lf) = J-? > (). Because the velocity and acceleration have opposite signs at time s =3, the

particle is slowing down.
(a) The position of the particle at timef = 21s

2 . CAS . i 2 _ _
s(0)+ [ (0.5t ~1)dr = 4+[ ~(re™? + 2™ 1) | =4-[(2¢7 +2¢7 +2)~(0+2¢" +0) [ =4-47e.
(b) For0 < ¢ <2, v(#) <0 so the total distance traveled by the particle is

z _e/2 [eati2 42 2 . _| 0 _
—jD [D.Ste —1)adt —[re +2e +r]0 —[(22 +2¢7' +2)—(0+2e +Dﬂ—4;’e.
(c) a(t)y=v'(t)= [].51‘(:;:""2 ){—%) +e7(0.5)=0.5¢"" (1 -1). a(3)=0.5¢7" (1 —3)i=—""<0.
v(3)=0.5(3)¢”* —1<0. Since the acceleration and velocity are both negative, at timez = 3, the
particle is speeding up.
(a)s(t)=te™ = v(t)=t(-Le™” ) +e =¢™(1-L1f),anda(t)=e’ (-1)+(1-1t)(-1)e
=—1e"*(2-1t). v(7)=e""(1-2)<0 and a(7)=—1e7”(2-1)<0,s0 the speed of the particle is
increasing at time f="7.
(b) a(t)=v'(f)=—1e™”(2-1t)=0 = (2-11)=0 & 2=1f © 10 =1. This is the only ecritical
point. Then w(0)=¢" =1, w(10)=—e~ ~—0.135,and v(50)=—9¢ " ~ —0.000409. Thus the minimal
velocity is ¥(10)=—e~" ~—0.135.
Using technology we see that in the interval [2, ?], v(t) <Ofora <t <b, where

a =~ 3.544907702, and b ~ 6.139960248. Thus the particle reaches its leftmost position at f =b and
the total distance it travels to this position is

—t/5

CA

[Clveedr = [ (e cos(2))dr - [ cos(£))dr = 22.753.



32. (a) The position of the bus is given by s,(7) = 200+ ju h(x)dx =200+ [‘:[453-““‘* +0.1x+4 |dx and

the position of the car is given by s.(r) =J4;dx}‘ﬁ ZJ‘ [SDtan" {S_XU }dx'
]

At time ¢ =150, the distance between the two vehicles is

{mm* [iﬂdx ~1411.599 meters.

50
(b) The car is farthest behind when the bus is farthest ahead, that is, when

|s5(1)—s(1)|=|200 +J:[4e*-””“ +0.1x+ 4]dx—J'

]

D(1) = 55(1) —5¢(r) =200+ | [ 4™ +U.lx+4:|dx—j {30 tan™ [Siﬂﬂdx is maximized. We find
0

the critical numbers of D(¢)by solving D'(t) = h(f)—e(t) =4e""" +0.17 +4 30 tan™ [S_i]] =0. The

only critical value in[ﬂ,SDU] ist =16.550 seconds. Since D'(¢) >0 for t <16.550 and D'(z) < 0 for

t >16.550, the absolute maximum occurs at/ = 16.550 seconds, and this is when the car is farthest
behind the bus.
Calc

: 1 4 o3 al
33. (a) Average velncﬂy:EL [44';-::03[9 Hdr = —5.652.
(b) The particle is moving to the right when its velocity is positive. Because -ft_ >0, the velocity is
positive whencos(e”) >0 < 0<e™ <7/2and 37/2<&” <5 = 0<t<3In(%) and
3In(L) <t <5.
(c) a(t) =v'(t)= -4/t sin (e ) -1y 4(:05(9""3 )%E Whens =3, w#) =443 cos(e)>0and
a(3)=—2fe sin(e)+—-cos(e) <0, so the speed is decreasing.
(d) s(f)=s(0)+ [;v{x}dt= 5+I;4~J? cos (e""s)dx. From part (b), we know we need to consider the
position of the particle at points £ =0,f=31In (%] .and¢ =5. 5(0)=3,s (3 In (%]] =6.0299, and
5(5) ~ —7.403. So the absolute maximum of the velocity occurs whent =3In {i), and at that time,
the particle is farthest to the right.
34. W(t)=4r —4t =4(¢—1)(z+1). In the interval[0,2], v(£)>0 < 1<7<2. So
At + 4 if 0<t<1
o= =
4 —4r if 1<t=2

1 : 3 (24,3 1 4 427 4 2P
average speed—ﬂ[jﬂ{—rlf +4r)dr+Jl (4t —4:‘)5’:‘}—3([—1 + 2t ]ﬂ+[r -2t ]I]

=1[(-1+2)-0+(16-8)- (1-2) | =L =5, option (4).



