\\/A ' .
C"l'lfl'lll'lll ":\.3 ‘ iv\.-.‘>

A

C‘Yn GMiCeS
d L
Kinetics- () Kinamitics
(-‘_Q\ L—-“JP (‘_3\ stu\5>
L—s ¥\ (Soyy 4 Q)?QM_J- 63&“ J—P__-\\Uga

&ﬁsw_lse_g)\









Chi & Planer Mdtion:-
1.1 :- Rectilinear mMotion-

Mahcm 0 STrarg WY Yine
rﬁ—_*-» A\R_Qdcs—

&
N

6-3?". b >—> :i\&
O b
’}. S +
o J >
>
\s >

t=Ytime s S:- 3isPlocemen
tk_s\:i\

W) <l N = Nelooty

QA = aceleradion g
S- disPlanen$ = o3Vl ™, km, [t

\I: \'Q‘OQH'J = _d§ (-\;\ ’Y\E Km (-\+

dt "W s
@; accleration = dU ('\" 3 YQZ };—iz >H
l‘.=‘o 7+.
Na=5 — %+ —— N=o
g=Im i S =
O.B—) > an\o YO-»\Q Cf_;—‘

(=) &O\CYCJ‘C ‘e\—b\’*‘

2



@] N3N ot 5= 22"
1

3 ‘ | |
COhs\' GCC\eYa\“I' oN a=C Mcﬁo—s \Iom(&'b‘e &Cc\efaﬁfg
- S @z a '
PGS | PRPER I —F(t_’}'.’g)
kN =V +Qt s\ 1) Wles s a=fd SO
= O =(dV 7 -2ty

2N7NE 20 (S-S e | 4 =L JH| v
3-Q =G +\ol + Latz (s,t) jadt = X dU




>iF Q= Fen
— esos
O bV s oy,
= fewy = gj\é-
@ SN O a__ylss
Q= Fevy = NQU

ds

N

(Et - (B - Jees
t

N\ )
%

—> S.

L

X Slt@+‘l it = Qt3
l:Q. 13 N Q‘U {Q*o i on]
I= QL; - th )




= SYtort Crom ‘(‘QS—\'

Q:-O

—

= %\‘o\wp\‘ Rrom o 3N
%o 20

R —%pe &

ol 30 pi s @
B AR




g) If a=4m/s? determinc s whent=3sif v=2m/s and
s =2 m when t=0.
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12-9. %_K__V__f\ O =

The acceleration of a particle as it moves along a straight % = 1m

line is given by @ = (2t — 1) m/s® where ¢ is in seconds. If \Jo =2m

s=1m and » =2m/s when ¢t =0, determine the Rey,

particle’s velocity and position when = 6s. Also, =— \ , S 46
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The car on the left in the photo and in Fig. 12-2 moves in a straight
line such that for a short

time 1ts velocity 1s defined by
> - - - - -, =

v = (317 + 2t) ft/s, where 7 1s In seconds. Determine its position and
acceleration whenr = 3s. Whenr = 0.5 = 0. S

t=3s



A small pYOJLClIIL is fired vertically downward into a fluid medium with
I\aa

an initial velocity of 60 m/s, Due to the drasz r«.smtancc of the fluid the

projectile experiences a deceletation of a = (—0.4v°) m/s’, where v is in

m/s. Determine the projectile’s velocity and position 4 s after it is fired.

SOLUTION
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A metallic particle is subjected to the influence of a magnetic field as
: : - — -,
it travels downward through a fluid that extends from plate A to H
platc B, Fig.12-5.1If the particle is released from rest at the midpoint C, TP | [
s = 100 mm, and the acceleration is a = (4s)m/s where s is In bk 100 mm = q.\m
meters, determine the velocity of the particle when it reaches plate B " | o« | o -
s = 200 mm, and the time it takes to travel from C to B. & o-l
| 1
SOLUTION 1| |
bl | | dad

Coordinate System. Asshown in Fig. 12-5, 5 is positive downward, ! LT g

s 9 . H B<L=20-9
measured from plate A. S
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12-18. The acceleration of a rocket traveling upward is
given by a= (6 +0.02s) m /s, where s is in meters. Determine
the time needed for the rocket to reach an altitude of
s =100 m. Initially, v =0 and s =0 when r = 0.
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» |f the a-s graph can be constructed, than points on v-s graph ca
determined by using: =

a

Sl
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a—s graph
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(a) (b)

 If the v-s graph is known, the acceleration a at any position s can be \ld\:. C)'.SA'\
determined using: -
| | O = \l d\' Ss
= o= o %) ds
"\ ds = C(Z S-\- ‘) kQS

velocity times
acceleration = slope of
v—s graph
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Example 12.6

A bicycle moves along a straight road such that its position is described
by the graph shown in Fig. 12-13a. Construct the »—t and a—t graphs
forO = r = 30s.
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The v-s graph describing the motion of a motorcycle is shown in

Fig. 12—-15a. Construct the a—s graph of the motion and determine the
time needed for the motorcycle to reach the position s = 400 ft.

SOLUTION
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Problem 12-14

—

F12-14. The dragster starts from rest and has a velocity
described by the graph. Construct the s—r graph during the
time interval O = r = 15s. Also, determine the total

distance traveled during this time interval.

vim/s)
v = 301t
15041 —1
B _v=—151+ 225
= r(s)
15

Prob. F12-14

5

S Tobs —Ados\_.= l—,_w\:!)‘ x&}g\
:%¥|QY‘S° 2 |26 m.




—3% Rectangular Components

= The motion of a particle along a path that is expressed
as x, y, z coordinates.
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At any instant the horizontal position of the weather balloon in
Fig. 12-18a is defined by x = (8¢) ft, where 1 is in seconds. If the
equation of the path is y = x°/10, determine the magnitude and
direction of the velocity and the acceleration when 1_= 2 s.

SOLUTION

Velocity. The velocity component in the x direction is

3‘\\"\“:‘ % = LZ
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Qx =dv =0
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A sack slides off tl\c ramp. shown in Fig. 12 21 with a horizontal
velocity of 12 mm/s. If the he s_l of the ramp 1s 2 from the floor.,
determine the tirmme n g_g.dg.d forx tl1c sack to strike the floor and the
range IR where sz gl\s begsa ile up
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SOLUTION y

C te Sy As shown in Fig. 12-23b, the origin of the
coordinates is established at A. Between the end points of the path AB 30° C

the three unknowns are the initial speed v V4. range R and the vertical P g |
"~ : 5
component of \LlOLlI\ (l,;) Q) \)\V\ \ Sgl &\ o\ Ih f
v) I m
: A . A " |

Since the time of flight and the vertical distance

between the ends of the path are known, we can determine v,.
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When the skier reaches point A along the parabolic pathin Fig. 12-27a,
he has a speed of 6 m/s which is increasing at 2 m/s>. Determine the
direction of his velocity and the direction and magnitude of his
acceleration at this instant. Neglect the size of the skier in the calculation.

SOLUTION

Coordinate System. Although the path has been expressed in terms
of its x and y coordinates, we can still establish the origin of the n, f axes
at the fixed point A on the path and determine the components of v
and a along these axes, Fig. 12-27a.

Velocity. By deﬁmtnon the velocxty is always directed tangent to
the path. Since y = 3527, dy/dx = ot then at x = 10 m, dy/dx = 1.
Hence, at A, v makes an angle of # = tan"'1 = 45° with the x axis,
Fig. 12-27b. Therefore,

A—6m/s 45°F in

,‘ e acceleration is determined from a = iu, + (v*/p)u,. However, it
755 i

is first necessary to determme the radius of curvature of the path at A

Y (10m,5m). Since d’y/dx* = . then

1+ y/de?PR 1+ (fx)?] R

= 2828 m

=10m

‘j — The acceleration becomes

X

(a)

P
a =y + P u, |
(6 m/s)
2828m "
= {2u + 1.273u.} m/s*

= u, +
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txample 12.16

(© R.C. Hibbeler)

The boxes in Fig. 12-29a travel along the industrial conveyor. If a box
as in Fig. 12-29b starts from rest at A and increases its speed such that
a, = (0.21) m/s*, where ¢ s in seconds, determine the magnitude of its
acceleration when it arrives at point B.

SOLUTION

Coordinate System. The position of the box at any instant is defined
from the fixed point A using the position or path coordinate s,
Fig. 12-29b. The acceleration is to be determined at B, so the origin of
the n, t axes is at this point.

Acceleration. To determine the acceleration components a, = v
and a, = v*/p, it is first necessary to formulate v and  so that they
may be evaluated at B. Since v; = 0 when t = 0, then

£
/)
@

=

R

a=10=02 (1)
v !
/dv= /Olldl
0 0
v =01¢ (2)

The tinje needed for the box to reach point B can be determined by
realizil that the position of B is sp=13 + 2m(2)/4 = 6.142m,
Fig. 12429b, and since s, = 0 when t = 0 we have

ds =
p=—=0I
dt

6142 s
/ ds = / 0.1¢dt
0 0
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N = o-It* s SN s s g—3\
\l = _(_33 =~ 0. b
N= g ot
Jds =foe 4
- 0.|13 -
S © \’"3‘ ~}--v».ss\_,“_:

=> Q'\‘ B> SB: O\":g = é“‘(
x A
=> t3= BXé'N
Q.|
)[,B-Bfgxél“ _ = 20 o
o -| =
\}Bzo’\ ?"3 = o\[%63]2= ?99-3%
Ot =02t = 02%x549- 1.138
Oon =N2 - 3.9 _ 594 myg
5 9
QO =1138 _’C L Seun
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Y=100t’
| Qoo‘t
r°% Qo0
9°=-3t*
goed t

t=Is
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r° =20
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The rod OA in Fig. 12—-33a rotates in the horizontal plane such that

6 — (r’)rad. At the same time. the collar B is sliding outward along OA
sO that = (10077) mm. If in both cases 1 is in seconds, determine the
velocity and acceleration of the collar when ¢ I s.

SOLUTION

« ite S Since time-parametric equations of the path
are given. it is nnl necessary to relate r to 6.

Ve ind Acceleration Determining the time derivatives and
evaluating them when r — 1 s, we have
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I S— »‘l —

f .l . &7 20

= Q00 r A \OOX'BG = QOGr LEQQQ

= (@) (Ceecarsg)b
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Due to the rotation of the forked . the ball in Flg ]’ 35a travels

s - 4
r =Sl " around the slotted path, a pu*‘f“‘-ff of whic :
- - cardioid r = 0.5(1 — cos ) fi. where 0 1 1IN radians If the 1S
veiocily is v_= 4 ft/s and its acceleration is a = 30 fi/s” at the lnstanl
S —

& — 18Q°. détermine the angular velocity # and angular acceleration
o -
€ of théeé fork.
-——

SOLUTION

Coordinate System This path is most unusual, and mathematically
it is hgsl o.\ph.ngd using polar coordinates, as done here. rather than
rectangular coordinates. Also, since # and # must be determined.
then r. & coordinates are an obvious choice.

= = 0-5()-Cos 0) r*°=0.500)8% 4 05 sy 2

o o0 02
rQ"O"S(S'\Y'\Q)Qt’ YY‘ = 16

r._ ‘ o oy
= OSS\Y\G d °+o.5CosG'(Q ) \]

2\ H=0"| %
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r°=0

at 6= 186 SiNn\g8e
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A train! 5 .
as shown in Fig. 12-43aq. If th
a ' ,determi '
ol the train relative to the autome hll

1 a.nd- i \'T 60
' | locity %

s l\\.
SOLUTION
: The s - : sinv ) L
. A relative velocitly vyys is measured from the
trans |illnL x’. v' axes attached to lhc automobile, Fig. 12-434. It is
determined from vy = v4 + vrza. Since vy and v, are known in both
magnitude and direction, the unknowns become the x and y components \IA

= \IT: éomi/h

\T = 40

= \Ja =45 m: /b
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\/A = 45Cs45 | + US SINYg]

Y45
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dol —21.30 —31.8 T

N1s =.2821 - 383 o
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At the instant shown in Fig. 12454, cars A and B are traveling with
speeds of 18 m/s and l,m s, respectively. “Also at this instant, A has a
decrease in spud of 2 m/s’, and B has an increase in speed of 3 m/s?

Determine the velocity and acceleration of B with respect to A. 5 p
Rl v
e ° . ’
=> Y =-13Gsshal -182inbs] | NB = 12m /s t A

\a ,9&-9{33 Qs = Qs %4—0&!\’1

A = !
N : =~ T 12 ’
0L = 20oséol 4+28iNbaT 3T + _m(—t)
Q.

Q

| +=3] Eé:—“‘i‘{c _ 37

> \Ne=12T Gens|Vea =Ng Gi =-12T —(-9( -9 )7
T=-J = al 4+ 35883

°:-V_B: -\2]J \\IBAl r97—+(3 588) = 563 m /S
a




Qra = Qe - QA
= WL 3T -1 -T37

ORra = (@wfr(-4mY =5 32 m/s?

Quyl-4.737

- .13 o
Q= Tan (qi-qq) - 62.] /957 W 25
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d\z_“ Determine the speed of block A in Fig. 12-38 if block B has an upward
speed of 6 ft/s.

Fig. 12-38



\, A =- Q m 'S Determine the speed of block B in Fig. 12-40 if the end of the cord at

_A is pulled down with a speed of 2 m/s.
0"}"?’ >—-= 33
—> L1 =S84 (SB-Sc) + (SA-S¢)
L\.: 258-2Sc +S A
0 =2N@g_-2Nc +\NA
O =2\YR-2Ve _<
2 =2V - 2Vc

oog \’B—\lC:\ s@

L‘Z = SB +8Q s rrarki
o = \le 4 N | «<— @

Fig. 12-40
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