
13. I 
□ -*■ ^/nce hammer is in -free -fa11 

^ ar m/s2 

y-Jadt = -gt + Vc Cvo=0 since dropped-fram rest) 

x=Jvdt = -Vi qt2-+Xo (x°^-3m, x*=0) 

X~ - 9. 9/1 7 + 3 • 0 When hommer hits pile. 

Solving xCe) -for tp. 0.782s 

vCo-782)=- -981 CO. 782) v= ~ 7. 67 
or V-7.&7 °7s 1- 

c) Distance traveled ■' 
4S -My,|+ Iax»I 

#.) Accelera+ion of particle: 

n/~ (~/Q~/0) f. t 70 
CIO-0) 

V- t/O l>m&] 

0'& ■» """/if 

bj Position of porHcle\ 

oo,r-?vd-t +Xo (*o=0) 
to 

x -- 
o 

y = ~t7i-/Ot * Solving -for t* 2, 3, 8,10s : 

x(2*)~ l(o fmm] 

x(g's)J/6 

x(/6)s)= 0 lfnml 

Z s C2s) = !(* fr""*) 

Zis (5~s)g 2S~ 

^S^gs)= 25 + I = 3H f^] 

AsC/Os)’ 2S~ + 10-25-1' »5~Q ^ 

/J. 3 y= Y * constant, x=0 when t= Q 

a = <±v 
dt 

•* aCt)'* O 

n/=dx=4 •* x=9t+C -0 for t-0 

* •'• £=0 X- V* 

/3. 9 
n/= ye, x = I when t -/ 

0 = <^t> qfr)= 9 /constant) 

V=^=y* * xc<r)=2t*+c 

For *=/, t-t ••• l°Z0)*+C - £>-' 

xCt) = 2t2~l 

/3 . S’ 'V-Stn2tl x=0 when t-0 

cj--dx =» g jt) = 2cos 2~t (<*■) 

vT$= sinZt ■> y= -co? it + C- 

X-0 when t -O ■'■ 0= 'A 

x£t)= ~£o£_2t tj. 
2 2 

£<>•) 

By Eg-Cb). -X+ V2= C0^2t 

or t = C/2)cos- (-2x+0 CcO 

Substitution of Eg Cc.) into Eg Ca) gives'. 

aCx)= 2 cos (Vi cos’1 (2- VxD 

13. <2> ^ -2t V' C X=2 when £=0 

a- dy = £a) 
at ' 

v= dx - e ’2e x=jvdt * x- - '4 e'2t t c 

x=2 when t-0 ■'■ C=^7z 

X(&)- Zz (s-c'zt) Q>-) 

Solving Eg Cb) for t‘- c 5 ?x 

t=-Zz In CE-Zx) Co) 

Substitution of Eg Cc) iri> Eg Ca) gives ■ 
a(x)^ _2t-2i-X2MCT-Zx^ + aCx) = 9x-70 

13.7 ,\ AS = 2nCtOOO m\\eE) = 2EI31.7H miles 
-132,700,973 ft 

The displacement of your 

feet relative to the earth would be zero. AX=(W 

b.) AS>,~ 2 7r [9000 mi [sy) t <o ftj 

- 132,700, 9H. V ft 

Difference: I37,700, 9U. V “ 732, 700, 873 7 

= 37 7 ft 

• ■ /our head travels 37 7 ft more 

Alter not ively'. 2 n C&t+) ~ 37 7 E 
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— ’ ^ d - total distance -traveled = 2 mi 
t - total time over 2 mile stretch 

"t = ! mile _f. /mile 
30 mph Vr 1 

Vriy ~ Speed required to average 9'S'mph over 

2 mile stretch 

A: 
t 

Vr 

9S mph 

/ mi 

2 mi 
/mi , I 

Zmi _ /mi 
tSmph, 30 mp h 

- 9S~mph 

30 mph 

^ Ke^ = 90 mph 

/3. ? 
d'total distance traveled = 2 mj 

t~ total time around 2 mile stretch 

t -./mile t /mile 
30 mph V, mg 

Vra; = speed required to average 60 mph over 

2mile stretch 

■4 = GO mph * ■ . ^m‘—— = 60 mph 

I, 

!rr\\ !fr\\ 
30rr\ph Vre^ 

=* Vm = °0 '^ra/ 2mi _ ./mi. 
OOmph 30 mph - 

Jt /s impossible to go fast enough to average 

(oOmph - there is no time left.) 

13-10 

ad Vo = <gi) (S280^) = S^T) 

After power is reduced, a = = -32.2 

'V'- 02 + ot- = 330 -32.2 t =0 at highest pt. 

••• 2=330/32.2 2=27 Vs 

b.) The height the plane rises above the poirrt 

Qt which the power is reduced is: 

X= V0Z + 'Aat2 - 880(Z7.3S)-V2L3L.2)(273Sf 

2= 72,025 ^ - Z23 mi 

73. // 
Vy = y oy = if 

Z7 = xz+ /2 

Di-fferentiatina0=Axx^Ayg 

x= -yy =» /= YysiZz-x* 
X X 

■(y/JZ2-x*J2- vy\ a^fUidT 

x= aY4L2-y2 -i/yzU2-xl) - vA 
X X3 X 

* = OyX2j22~y2 -VyV2 
X1 

/3. /2 

r 
-/sof+- 

-w~- 
v-1 

—*—> 
-^2— /Ot 

■- X = 52 2(50 -7V- 

V-Jo tyV'° Since V=0 when 2=0 

■'■ t = v/a (A) 

X=Swdt = Va at 1 ~ Vzat2 since x=0 
-• 2- 'fra-t2 (8) when t=o 

By Fgns (A) and (Q) ; X= 62 = 2z JO2 7<5) 

Q=Ay?s± 10 "Vs ) 75220 2 _ nr„ r.,. 

* X 2 OOmOCSISOtWmO ~ ZG 9 f A 

Substituting a = 26y f2s^ /Trto C8) i 

/soft = Vztzoy 

• - /■Q&& s - 2/me rocket is in contoct- 

with guides. 

13-13 | ~ ~ 

o.) a = 32-2 t+/si 

'V-Jo d-t = at. +-> v~ 2? 2 t 

^SlSQf+j^/8&,000mi) = 32. 2 f+ Cjp) 

tp 30, ^99, 372- 9s ^ 2, = o. 26 7 years 

6.) At the end of 0■ 9(2 7 yaarr, /-/re 

disfonce traveled is: 

Sr 'h at, ^ r32.2)f3.0V9?x/07)z(sLzgo) 

=2. S’Jg «/G /z m/ 
ZoT- be (distance remaining to be traveled 

■ Sz* 2.Sx /0’3-S, Mz.5-~0.28 32) 00'3) mi 

~ 2■ 2/6 /c/0 '3 mi 

Let t?. ‘ time to travel distance sz 

tz =2.2/0 Go’3) = / /<?/ Oo*)s = 3. 779 gears 
'■ 80 CIO s) 

4w " t. + ^ ' 7). 7674 J. 779 = 9.79 years 

13.19 

a.) W = /<ot-t2 mi/h = &o <-/&■£-ev ""/min OOt -tV ^/mir 

t = 8 min 

[/&CS)-C87j= f£ ™/mir 

=0 at 2= 8min 

•'• v^ox = 4o 

Hence; 

^ to3*c/<bt-tz)dt + 4402-8) 
a 

s7-a C8O- 73 t3) f +G9C9) 3-7.96 
C£,(J o 60 - 

/>!/ 

Vovt )' 9- 956 mi CtoOm.k) = eg9. 78 miA> 
72 min C/h ) z====~== 
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/3-/T 1 a = dy= A 
u dt v 

'‘Sjhd-t = Jvdv -> + £ 

vvAcn f-0, v=2 •'• C * Z 

when £=3, v-9 ■'-A“2 

Hence, v2 = 9 Ct + I) 

When t-2s, v2 = 36 -* Mg 6 

/3./6 Y= Cj t 3 t Cz i z + Ci 

v = dx=3c3tz+Z Ci t 
dt ■■■ 

<dc.it + 

6.) Distance -traveled -from i^iq, to t= t, . 

at t-t0 X-CJfc),+C1f*i)l+C 

#+- £* £, x,= CiCt,)1 + c.1 Ct.y + c, 

AS-distance traveled = X,~Xa 

AS- C3(£.s-£q3)+ Czit>x-to') 

11.19 

a) a-~2 - -9.SI m/s‘ 

v-Sadt --?■*/1 

| 9 n/= -9-2>t + 8 

X-Svdt * -9 9/ t2 + St + Xo 

X= 0 when if hits the qround 

0= - H-9/OoY +8C'o) + X ■» X," ^// /w 

y y=-9.2! C'o) + % y=-90.!mfs or 9Q.lmA d 

1 ~xm 

13. IS a) 

o ja 
= - ?. 87 "Vs7 a--$ 

-v=Ja c/fc * ~9.8i t + Vo 

X-Jvdt = -V-?/t2 -rv01 t /o 

y°"° 0" - v. 9/<ry)? + Vo <fy; 0=4 

/. ^ = /?.6y'"/s 

y=.-9.ilttl9.&9 

As Shown on curve, 

XW occurs when v’O. 

0*-9.SI£m+ 19- <89 
t~ 2- 00 s 

X--9.y/tz t J9G9t 

xw = -v. y/<rz)7 + i9.<°9te) 

Xmax " 19-G? m 

a*t3+3t [*~/s‘] -y=0 & t=0, X=0 

a) acceleration for t- Vs : 

a- C9)3 + 3C«) - a g 76 

-velocity for t-9 S '- 

v-'J t(£3+3t)dt ■* -v-' Z/ t¥+ 3/*t2 t Vo 
o 

Since -v-0 when t=0, V =0 

yCts)- Vh C9) y + 3/i Of)2 * V = 3S *6 

displacement for t- 9s ■ 

ax = -yf v; -v&) =■ Jv vd* 

-fv/tt'+vzt')** 4y*otrry2o)\ 
o 

AX = £3- 2 9+ 

b ) v.-yy^t -?/2 i2 

V= #6,000 m/s (fz80g,) = ? y/0* Ws 

9.8108*/0s - /qtY t 3/2 t 2 

quad radio equation • 
t= 250- 

13- 20 
V = ->s 

a.) = -Jis * ±ds = --hdt 
dt s 

3 r ds = ~S A dt ■* Jm j; = ~J*t 

S-SoC** 

b.) t ~0, -v=20:n/s, s~/0 in 

Speed = /v I = As 

20-JkOo) -> •'•>- 2 s-' 

/0-SoC~2Co) - s0=/c /D 

S-/oe'zt 

ts (s- 8in) = 0.//2S 

-> -« “ '/z ^oo _L 
/o 

(S - (o1 n) = O' 2$~S~s 

^Cs = 0;n)= 

13.21 | v= ^ 2 + 2<d t ■» zf - -2D± Jco’-Vdlfy) 
v 20) 

iVeqafve time does not apply'. 

t(v-200) =7. 32s t Cox,*&oo)-- ■/&. 9(8 s 

AS^jlVldt = jvdt Since vis positive 

/6.V6 j 
Ct2*26i)dt - £3-UOi* J l, 

7.^2 

JS = -55-JC W 

/<s.yc 

32 
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/3-2/\ 
0-) a^-Ckx x^va,x=0 when t=0 

* t-o jd-t -jdv: 
m 

£’ 'iinv 

V, ZM.V 

(A) 

v-'v0e 
~k6r 

Jdx=j vCt)dt -•> x~o -Jv. &~k*dt 

x=-Vz e ~k4, |c -.vi (e-k*-0 
K ok 

x=¥o Cl-c-**) Cb) 
K 

k) By Eqr CA), £= ~ ~k Jhn Cwt,) and, 

By Eyn (B\ x= ^ Q-e -«) 

Combining (A) and CB) gives: 

x-gQ-e-*®!”*)) or xOvy-kU-v) 

13.23 
a = t, v= 

V 

, x ~0 when t = 0 

-Sadi = SHdt -» -v* Ft +ye 

xCt~0)= 0 i 'Vo = ~<o •'■ Yo - ~6 v = Ft ~6 

X~5vdt *• 5t(Y6-6)dtr 
o 

x=lt2- (ot + Xo v y^=0)-0-0+Y.*0 ■■ y.=0 

X" 2t2 -&£ 

Prom y#) -5 zf = -k^ 

Substitution of i into xCt) gives 

V ~'f8xS-S<o ~ Z 'Sly+Q 

Q ~ Ft] v= Z , y- f when i - / 
r * _ t; 

v = -v * j Ft dt + w, I 

x= 2t2 -2 +v, *’ x6t=l)= 2 ■■• o< = 2 

• -v6Q = F* 2 6») 

r * t- 
Y=J vA + y, * x=F 2tzdt i x, 

x= \ it2-A) + y, *7 xCt-i) *•/ =x ■’■ y,= I 

■ X~ \t3 * Cb) 

By Fqn CA), t -n^h Cc) 

By Fqn CB) and Cc), y % ("-^r) /2+ % 

■■• V = 2(%Y- ’/2 )Z/5 

a-c. zt J 'y-<?/ y=2 vxAefl y = £) 

v -Ja ate * -v- Je '2* ^ 

v=_'kc'zt^'^ *’ v6<>F W + T-i 

•: v«- ^ 'vO)-VzQ-c2*) Ct) 

X^Swdt •* x^J(%-'/2C~2t)c/t 

X= 'Az.t + '/y c'2* + Yo -’x(o)=2 = 6+Ay + X* 

■'■ Xa~ / 7i~ ■ Y^j-- y2t i Vy e'2t + 7Zy CB) 

By F^n 64); t-~ Fz Jm Cl~2x) Cc) 

By Fqns CB) and Cc): 

X= -ZyJbn 0-2v)+ '/y £ /n^v) + 7/^ 

•■ Y 6v)- - Vy [Jn Cl- 2v) - 8 + 2vJ 

/J. 26 
^7- J/n 2z!; v-<9, x-0 when £=0 

V-Sa d-t -> n/=Ssin 2t dt 

v=~'/2 cos2t +-Vc * v6t‘o)^'/z{/)+wi=0 

■'■ n/a= Vi -■■ nvCt)= Al O-cosZt) 

ny-sin'i Ca) 

X^Svdt -> y=S OS- '/2 COS2t ) dtr 

X *'/z i- Vy 5 'm Z£ +xa y Co) = 0~ 0 +X0 - 0 

: Xo = 0 •■■ x= Zzt - Vy Sin 21 CB) 

By Fyn (A), t= sin'' Vv (c) 

By fgns CB) •+ CC), 

XC'v) = ~± sin -1 njV ~ Vy Sin [2 Csin ''Vv )J 

12.21 
Q-32-V'V] -V= J, 0 when t=Q 

Sdt- Sdy S dt= J dy 
° v‘ aCV) a v 32 - y-y 

Using Integration tobies: 

2= -’/yjm CSZ-J'v) T 
y 

=^Jdr>Cathx) 

-wCt)= VC2-c-v&) CA) 

By tqn CA); x^J'vdt - J SC2~c ~v*) c/t 

or x=8t-+e'V* + x0 ; x,= ~l since x=O,£=0 
x= gt +e~Vi -I CB) 

By Fyn CA) : 2= - '/y Jm C^dpf) Cc) 

By Fqns CB) and CC) 

X- 8 [- ZyJlm C^JJ+e^ <*?)-! 

Simphtying, x(ry)-^yy-ZJ^ (g-y )- 

H 



13-22 ; -v*¥. x'2 when t~0 v >0 

Find v60; 

<• - -4 • $$' vir ■-■A* ■ - *2 

± v* r = -* or 

-'• V - 2 3X-t-j GO 

Find *60 ■• * 

zJ2^3xTl 2 

By Jnteqra! -fables: or computer- 

(JM* = (A^= = -2 Cc) 
J 43^2 J 4^3 ,J W-J 

where i/= 2%x. 

By Tntx-oration fables or computer: 
yx _ y* ,/- 

(B) 

St* 
Vx ■ = _ r -' i" 

3y (o i y aJ yr3 

iVx 

Jy 

Ju+3 ~^3 
iy+3 +a[3 J| 

By Eyns CB), Cc\ and CD) : 

ts t\lx^X2 + 7^392 -6.9 >3 

Find l/(t)- 

By Eyn (A)' x =iy*-/z ^ 

Pence, 'JIx+Jx* ” yP~j2 ^ 

So, by substituting (F\(&). and x(f) 

i-&x *£&*<($$&)- °'VI3 

for -v 2 241  

13-29 
a - -Sx: V = <2, v = 6 w/>en £ - 0 

Find -vCx): y 

y-i c-vuv - -vCx.y)= Ja(x) d* 

y2 C-vCxY - (a)2-) -f(-ZX)dx 

/2v!*’V i; -» vw,??-,?** (A) 

:. n/ *^28?-8x3 or v *24 7Z z~2x* 

Find x(il '■ „ , • 

t-t. -J$k) " i\S^xz=^i ^ 

By integration +ab)ts • 

\ 4x = =L sf°r c <c> 
4cx^tbx + a Ft W-V«c 

^ *7>" C^J i<V (HF) 

/ 

£w jo s/n 4$ 'fi) 

^ i sin-'/Z) -* sin(4$t + Q ) = -£ 
t+m=4$sm (Z 

•■ X=- £os zO 

FmLsk^E)'- 

From Eyp (A) ■ 'V2= 28% ~ <§x2 

and y*£ cos (-281) So, 

v' 288 -8 ((2 cos (48*)) * 
-28?-288 cas'd?£) '<7~^s2 

V-288s in ■■ Vs /2n(2 ,s/o fVFtl 

/J. 3<0 
cr-ykv; ^ = 14, *-<2 

Find nsft): v 

e-*v-% " -A J 4^ 

£*j(jm 4v) l =--%Jon$Q 

■’ Y=v.e 6t) 

p/nd > 

- v -? Sdx = Ivdi* Vo 5e-Kir dt 

X e"" 
f or x--^ 0-C-”) ^ 

Find-std*i1 

ByP^ns X = ^(F%0Yi(yo-v) 

y -JW 

*3,3! a- -ivp V“VS, ivAen *-<2 

Find vCE) ■ , , 
a ’ v2 ' ^ J & 

,1 _ _L 
t JiV Jti-Vo 

. /m Vq_ 

V Z+Jk-Ve f 

Ji V 

Find x(0; ^ ^ 4 

or Jdx^S-vdt - 5 yFh. Vo £ 

-■ (S) 

By By ns (A) and (B)- 

X=IJm3A 
h V 

5 



Give tv Q L'ni/s j - constant 

Volume of bubble - V/3 vr r 3 

Find n/(r) and a(r) -for particle of soap Film 

Sol utiqn- Time rale of change of Volume is: 

Q= = 9vr2 & - 

where = ps as the velocity of a particle 

Hence, 

The acceleration of a particle is given by the 

chain rule; 

= £t2 = dw dr 
-v9r dt dr dt 

=(Tl ' ) (- IQ. \ or a 
\9tj r )\ 9tr\ 1 8-n*r 

2 
■5 

13.33 Give tv ■ Part 
-> X 

Position of port given by: 

X= t 9 ~ 20t * + 29 [rnmj 

Find a.) -v and a of part 

b) x as function oh & 

Solution a.) n/(t)=dx = 9t 3 ~ 20 t /"'"Vs J 
dt =T=^=Z 

aCt)= = fZf--20 

b.) t(a)-Fa +10 * Sub into given xCt) 

" x(a) = (&t2QY ~ /0(a+2£)\ -t 19 
1 /2 J ( IZ > 

3y Givf.iv Body foils Kofi in firs+ second 

and Foils 32 tf more each second thereafter, 

Fiwp Show this is correct if g- 32 fr/s' 

Solution 

For the first second with x. = Ni = 0 for t.-O, 

the body Falls a distance ■ 

x,’ /(oft = [/zat2 -1/1 aO)2 ■■■ a= 32 H2s*- 

At end of finsf second, n2,=at * 320) =• 31 *2s 

Therefore, at the end of the next second, the body 

falls an additional distance : 

Xw v,t, + A at,2 * (32)0) t V2 (32)0) - 98 ft 

Since = 32* +JG ft, this verifies that in 

the second second, the body Falls 32 ft more 

than it fell in the First second On f+). 

At the end of the 2nd second, 

X’X+at - 32 t 310) ’ 6V 

So, at the end of the third second, -the body 

Falls an additional distance: 

X3~%Z t '/zai,1 = 039)0) t y2 (32)OY = 80* 

Tt can be seen that 80* = 98132 . 

Thus; in the third second, the body Fails 

32 ft more than it fell (98 ft) in the 

Second second, and so on. 

13.39 
Given a = / m/s2, -vw - 200 **/,hr 

Fim a.) least time IsJ repaired for car to 

travel / km if starting from rest 

b) sketch the velocity - time graph 

Solution v/OO "Ar = 27. IS "Vs v0-2 

a) The minimum time, to travel /km is attained 

if the car accelerates to 200 *rn/,hr and then 

maintains that speed. 

The time required to attain a speed of /OO k~ihr 

is found by: v= Qt . z? ?g ^ * q)& Qr ^ ?£ 

Tn this time, the ear travels the distance 

X-'Aiat 2= &0X27.7S)2 = 3898 m = 0 386 km 

Tn other words, it has not yet traveled I km. 

To travel the remaining distance, the time 

required is found From the condition that: 

AS - (/OOO - 3898) 'V4» =2778X2 

e>r t2 = 22. II s 

Therefore, total time is-' 

't = t,+t2 - 27- 78 f 22. II = 99.39 s 

b.) Velocity - time graph ■' 

(Given Machine part 

moves a long straight line, 

has time-velocity graph 

shown. 

Fund a.) displacement of 

part in Intervals 

b~0-9s, t=9~8s, 

and t= 0~ 8s. 

b) distance traveled by 

particle in same 

intervals 

Vj'Ws] 

(Covrh nu eJ) 

(o 





. Gri very Position of body (fiver by: 
X*3t2~<ob x M > t [s] CA) 

F'/vo a) n/(-t) 

b) Plot of time ~ velocity graph 
c) Body's displacement- for i* 6 tot* 2 s 

and t-0 *> t**Vs 

d) Distance traveled -for same intervals 

Solution 

a) = tbt~G ["VsJ (8) 

b) By Eg (B), the graph of v vs. t is shown 

in Figure a. 

c) Displacement: Ay* DCcvnoi) ~ Xonn-iai) 

For t* C to t*2s, -the displacement is: 

£X0-i = XD)-X(o) cc) 

By Eg CA) 

Xfo) - 3 (O)2- CcCO) = 0 

X(2> ICZ)2 -LC2) =0 

■-AXo-* = XCz) - XC6) - 0 

For t = 0 to t=Vs, 

AXo-t *XOt) -XCo) 

xof)* 3cvy-gcv) -2i m 

AXo-* * ZV ~0 = ZHm 

d) Distance traveled ■' AS = I AX, I + IdVJ 

For t = 0 to t=2s, noting by Figure a that 
■v*0 at t= Is •' 

= 144-, I + |47,-J 

By Eq CA): 

\AXo-, I *1X0)-XCo) I * 1-3-01 - 3m 

l£X,-il= IX(z)-XO) I = lot31 - 

ZlSo-z * 3 -t3 (o m 

For t-0 to A* Vs; 

ASo-y = 14Xe-, J + 14^-y I 

By Eg (A), and since V /s positive -from 
t*l to t- Vs) 

Iax,-y I = J*v-Xl = |zy-/-,?) | 

4S0-V =5 + 27 /r, 

Alternatively ■ 
By Figure (a.) 

ax0.z= y2c-(*)0) t Vsfcyz-n =o 

AXo-i * '/2 (-0)0) t /2 C/e)CV-D * ZV m 

V/2C-0)0)\t \ '/2&)(2-l)\ 

ASo-y = I Vi (-0)0) | + I V2 Os )(¥-/) I -30m 

13- to 

Fnvp 

Sivfiv First ball thrown upward with 
Velocity i4. Second ball thrown T- 
seconds ia+ei~ with same velocity. 

Derive a formula for time t a-Pter 
the second ball is thrown at which the 
balls pass each other. 

Solution 

Ball one 

a* ~ 3 V ~ Sa dt * -gt + Vo 

XmSnxdt m~‘/2gt2 t ^/0t t 

X,~ - ‘/2 gt2 t vjt (A) 

Ball two -thrown T seconds lote.p tz= (t~T) 
(See Fig. (a.)) 

a = ~g wi =Sa dt ~ -g 12 t Vo 

Xr= Jv, dt ' 'V2gt* t Vo tz + 

Xi~ -'AgtZ t vitz *-'/bg(t~T)2 + Ve(t~T) C6) 

Balls pass each other when XZ = X, (See Fig (a)) 
Equating (A) t (q) gives' 

- Y2tjt2 tn/0t * -‘AcjCt-T)21 -Vo (t-J) 

Simplifying gives'. 

0=qTt ~ l/2<g T2 - Vo7 or tm lAT + ^ 

and tz • t - T 

■’fr&T+f -7 4 - f-AT 

8 



;3.91 filVfA/ T/rrc- velocity graph of racing 

Car as shown (Fig (a)) 

JYate. lin ~ /Os on time scale, 
I in = Sff£ on velocity scale 

v[ft/s] 

1~ 
J 

f~icju re (a) 

firjn Distance traveled by car from 
t=0 to i~/OOs. 

Solution 

b’ /00s (}&) ~/0 in 

0-3b = O.ZOOin) - 3 m 

y^-3inC^)=/s-^/s 

'3- 92 SwFtv From the instant that the ball 

is dropped from rest 3m above the floor 

to tfe instant that it re boards, 2 m, 

the time elapsed is hi8s 

/Hso, g - 9 8/ n'/st 

Fih/n Time fsj that ball remains it contach 

with the floor. 

SouiTiorv 
Ball is released at time t~0 

By Fig. Cb): 

r*= SL + x2 - 2S + Cr-3)2 

r= l7/3 in 

Also by Fig. Cb-): 

5= rsinO Sin ' C/7/3^) 

d-&l.93‘ - /.OS08 rad 

By Fig. (a)) dhe area of the circular 

Section is- Acs = @c2 
An - (/■ 0S08 )(i7/3) =3 V. 706 »V 

The area of the triangle is • 

A. - 2[J4^Si«)(^-3)l = /J-333 in7" 

The net area between the t-ayis and arc is- 

/U-As-A* ’3V.706-/3.333 “ 2/.J73/V.* 

Therefore, the distance traveled by -the car is: 

S’ (V.273 m')(S0^ ) = /0<b9ft 

S) ^ drops A"-Bm CFig (fa)). 

T* W/fh the relationship 

777 ~7 
Fiq (70 

J0T J9 
* 2m 

X'Yzat2 +Vot t x. (A) 

and t, - time the instant before 

the ball touches the ground, 

3^ ZZJt? toCt.) to tr0.782s 

1 
The ball rebounds to a height 

„ /m above the floor (FigCb)). 

'S 'r\ \ Therefore, at x=Zm above tloop 
Fl%Cb) v-O. 

T/ie t/Tne. that /t takes the 

ball to rise 2m /S the same time it 

takes to fall 2m, starting from nest, 
6C,=V.=o). Therefore, by Ag. (A) and FrgCb.): 

2m-'Agt2 = hCISDt,' 

on bj = O. <S38S~ s 

Hence, the time that the ball is in contact 

with the floor is: 

6 ‘9 98s -6,-U 
- /• 98s -0-7821 s - O-GdSS's 

•• A = o. osys 

>3-93 (tivfM a ” 3t Lrn/s’J 
of t-0, X=<bm 6Xo) v= 4/'%£v) 

F//vr» a) x, v, / A at z^Zs 
b.) Displacement and distance travelled 

in intervals t-0~2s and t = 0~ 9s. 

Solution v(t)=jadt = J-3tdt “ -3/2P21vs 

Sirce Vo = <7, vft) = -3/oi2 +9 CA) 

xCt>Svdt - J(-3/2t2+i)dt '-Zzt3 +9t+Xo 

Since Xo-6m, x(t> -'At1 * ft + <2 CB) 

a.) By F^s.fB) a.ndfA); 
Xft=2) ~ /Qm 

n/Ct’Z)= -2™/s 

aCt=2) = -6 m/s* (Con+in&erf) 
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13.93 corn 

b) Pis placement 

For t*0 to t -2s, 
4X6.2 - x{2s) ~ XCO) , when? X(o)-X0 = Cm 

By Eg. (8) : xC?s) = ~'/i 6z)3 + 'ipZ ) t £) =/Om 

AX0-2 ~ 20-6 - ‘ftn 

For t=0 to t= 9s, 
AX,-, = X C9s) - X* 

By EqXB): XC9T) = ~VzC9)3 t 9C9) + 6 - ~/0m 

•* 4X6-y - ~/0 ~ Co ~ ~ Ko m 

Distnnr.es 

h/cte that, by Fq (A), v is positive From 
t=0 io £= ^ 8/J s = 2-630s. From, 

E/.630s t0 9 = 2s, n/ is negative. Thus, 

4S0_2 = | AXo-, • 630 | + |AX, • 630-2 ] 

where, By Eq 68), 

AXo.,.030 - XC/.030s) -XCo) -20393~6-9393 

AX/. 430-2 = X62s)~ X0(o3o) = /0-/0.393--0393 

■■ ASa.z- 19 393 I+ 1-03931 = 9.<J?m 

From A=0 -to t= 9s, ~V is negative. 
From t=I.G30s to E9s- 

■■ AGT I AXo- /•630 I + |4X, •6 30-y I 

where AX0-a4?o = 9.393 m as be-pare 
and by Eq (13): 

AX,wH » X0isYxC/.&3O) = ~/0-/0,393 *-20.393 

■AS0.^ 193931 t\-20.3931 - 29. 69 m 

Computer Problem 

Eli2V a) Plot speed, vf%] and acceleration 
a P+/S*J of Car as Function of x 
For l*X±l 2ft 

6.) Zs -this method oF pulling -the car 

a good one? Explain. 

Bn/ 1 IT ms/ 

By Fig &), rz = X2 + 5"2 

ThereFore'■ Zrr^Zxx, or rv^=xn/j (y*=lu/. 

So, V- ^ - JTtZT L fTs ] (A) 

[Vote that as X -> Q , n/~* 00 6see plot). 

DiFferentiation oF hqCA) yields the 

acceleration. By chain rule : 

°’$CM t/w cb) 

Again, note that as X^O, a Csec plot). 

b.) This method is not a good one, Since 

Velocity and acceleration -too as 

x~*0. •• The ear runs the risF of 

running in-fo the pulley pole at 

such a high speed. 

__l Computer Problem 

Given/ Jet propelled boat moves in straight 
fine such that position is X=£3-r6t *+S [■f+J 
Where A denotes time in seconds. 

EEld a) Plot curves For position, velocity, 

dne/ acceleration as Functions of z?- 
£>r o^zf- ' 7s. 

A) t Pav For 0-t3gs and plot on 

graphs of part a. 

C•) Est. time For cPhich a = aA^. 

d) Verify by calculation. 

(Continued') 
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)3 9S~ corrt. 

Sn/ 11-rmrv X= t3 + 6>t2+S~ [ftl 

vfr}-- 3t2 <-/21 Tf+/5J 

aCt)' <ot + /2 I^/sO 

Plotted Seperately ■ 

b) Average speed and gcceleeg+/bn; 

o 

-> plotted on n/'t ^raph above 

<2ove= -a J til) dt = 29 ft/s* 

-* plotted on a~t graph above 

cij From plots obtained in part a) and averages 

obtained in part b.) ■ 

t -for Instantaneous velocity = a/e. velocity 

*■ 2. IS~s 

t for instantaneous accelerator ” ave acceleration 

& 2s 

^/.J These results can be verified bp 
calculation using the average values 

found in part b.) and solving for F 

t= 2Jifs 

t- 2s 

Yave- VOfs = 3b2 1121 

&Ave - 29 Ts = tct + 12 

/J.V6 frtVErv Particle moves on straight 

line with velocity shown on time-velocity 

graph shown in Figure Ca) • 

<w 

Firyp Plot time-acceleration and time-positron 

graphs and from these plats, determine the 

acceleration and position -for 20s, OOs, 80s. 

ond 120 s. 

So/ijtioiv By Figure Cal) 

f Vyt, O&t - 20s 
n/(Ts) = j go - £ — 80s 

l -'/gt r/F, 80 - tc !20s 

Also by Figure Ca ), the acceleration is the 

Slope of the velocity curve Cie. a= <*v/dt) 

Therefore, 

a CTs') = 
Vt, O Ct - 20s 

0. ZOt£ i 80s 

~'/s, 80± !20s 

(ConTimne.d 
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/3. HG corrf. 

The dis placement, X, is obtained 6y irrte^ ra-h'on: 

if X- S ~vdt. Therefore, with Eg ex'), 

r ygtz o±-t± 20 
20--&^ 80 (c) 

( - Z/c= t7 + /s~t - PSQ 80 d t t/zo 

With Egs (B) / (c), the time-acceleration 
and time-position plats are as Follows’. 

0.30 

S' 0.25 
j 0.20 

I 0.15 

c 0.10 

$ 0.05 

J 0.00 

8 -0.05 

< -0 .10 

-0.15 

Plot of Acceleration vs. Time 

20 40 60 ( ) 100 1: 

Time t (s) 

6) Creometry oF Path in (x, vj plane 

By Eg (A): v* + K>x3 =900 (c) 

or -X_ 
2.02 + JJL2 

S'* 
- / (») 

Equation CD) is the equation of an 
ellipse Csee Fig. (Cl )) 

Plot of Position vs. Time 

0 20 40 60 80 100 120 

Time t (s) 

From these, plots, it can be determined that: 

@t = 20s : a-/£/%’*, x' 80 m 

@ t-60s a= 0 ”is1 x- ZSOm 

@ t- 80s : X’SSOn7 

e t=/20s •' <2= - Vs ^ X= VSOrr, 

/3-V7 5ive.tv a* ~/Gx ("'fc') ■ when x=0, n;^2C)rn/s 

Find a) x when -v- 0 
b) Plot the geometric path) in x, v plane 

c) Determine distance traveled From 

X-0 to position when ■v=~/0'% tor first, 

time. 

SoirUTIQW 

Bp the chain rale, a-* dx dt = v 

^ fa dx = Jf IC>x)dx = Jtvdv 

Xotegration yields 

-gx* • /2 {-v* -TOO) 

For n/’O, Eg (a) yields- 

(At 

X~ m (B) 

C-) The- distance traveled by the particle 

From X=0 to X at V= -/O '% tor -First 

time' 

V/ben X-0, nT--20 m/s CCnven ) and, 

when V = 0, X =S~ (by by. CO)) 

Pence, velocity changes signs (direction) 
a+ x- S'm. By Eg. Co.) ; 

V = 1 ~\VOO-/6xz CE) 

Thus, For v = ~/0 m, Eg. (E) yields’. 

-/0= -4V00-/&X* t. 33 rn 

So, the distance traveled -Prom X-0 
to position when n/=~/Om/s is 

AS - lAX,l t I A/, I 

= Isr-Ol t )t.33~£-\ or 

■4S- S’. &7 n\ 

13.HZ (ULXEjy a = Vjr i when t= /, X=J, v =0 

and y-^O 

Fuvn -v (X) and tr(x) and p/dt), x(t), aCt) 

Sketch graphs of all S~. 

SoLur/n/v 

By the cham rule, a=$%= ^ 
V X 

S n/dv ~ /2-Sx3dx O o 
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