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chapter (2) - Kinematics of particles:

— Static: deals with bodies at res+/equil:b(ium
— Dynamics: z V4 7 n motion

S

Kinematics Kinetics

—— —

s VvV a S v x
( without force) (wth I’arze)

— paf-l'\c.leS'- point oV a body of Zero dimensions.
— Rigid bodj'- distances between point ¢ b@C»re aml after mation

— mation: [I] Rectilinear mation: it (efeve to o straight line
Y
[

culVilineay motion: its a metion on a cufved poth.
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@ Rectilinear Motion

° AS s

o ' A
A

—_

S

AS= S'- S = d?SP\aCemen"'
S = distance
V=A4AS = Velocﬂ'j

At

&= D
=<3

¥ Distonce (S):  Scalad quantity
stal length of path over which the particle fravels.

¥ Displacemerit (5, BS): Vector quantity
change in particle’s position.

+Ve — move to the vight
-Ve — move to the [eft

¥ Speecﬂ- +Ve  scalay 7wm+i+3

Speed = distonce - totol distance ) (my)
time total time (t)

& Velocity: Vector quantity
Velocity = ‘displacement  (m/s)
time



Basic €q uations

(with non- constant acceleration)
D v=ds
dt
2 = oV
T2

a= dt
At*
ads = vdv

with constant acceleration

P a— C&Y\:t be ufed
V= 1% +a.t W the accele vation
is not constaunt:
@ 'Vz= '\/.2+2.a(c (S"so)

@ S= So+ Ut+ at’

SAMPLE PROBLEM 2/1

The position coordinate of a particle which is confined to move along a
straight line is given by s = 2¢3 — 24¢ + 6, where s is measured in meters from a
convenient origin and ¢ is in seconds. Determine (a) the time required for the
particle to reach a velocity of 72 m/s from its initial condition at ¢ = 0, (b) the ac-
celeration of the particle when v = 30 m/s, and (c) the net displacement of the
particle during the interval from¢ = 1stot = 4s.

Q) V=ds = 6t*-24 =72
dt

6t = 9%

(we dmt take the negative

because time can’t be negative).
eg



—> <hanges with
b) a-= % = [2¢ time (can't uge it with ec{ua‘h’onf -@)

30: 6t2—2"l _—..>
o= 12(3) = 36 m/s?

¢) S‘t-f 2(4)% - 24(4) +6 = 38

Solg.; = 2¢03_ 2u¢) +6 = -16

As=S-So =38--16 =5Ym
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«—— 7 .

—
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2/8 A particle moves along a straight line with a velocity
in millimeters per second given by v = 400 — 16¢2,
where ¢ is in seconds. Calculate the net displacement
As and total distance D traveled during the first

6 seconds of motion.

V = \100-\6t2 (mmf)

'pfom m
= OLS ({S: Vd-t
é

(ds :[(ﬁloo-\ét ) dt
Soz=0 £

$-So = Yoof - 16{:?]
3 o

S = 1248 mm

S = |.248 m




2.3 (J\ar\e CuYVvilineaf  Motion

(it is motion along a cuf ved path in asingle line).

(1] Rea"'angula/ coordinate (X-Y)

—s Coof dinate systems: /ﬁ;k
/ J__”_f

Notmal — Tangential cootrdinate (n-t) +

X@ Pblaf Cos fdinate (v-6)

2. ‘1! Qed’angulal coofdinate (X- 4)

AV /’/ the "'angen’f 'S
velo cit
/v' Co j
A




SAMPLE PROBLEM 2/5

The curvilinear motion of a particle is defined by v, = 50 — 16¢ and y =
100 — 4¢%, where v, is in meters per second, y is in meters, and ¢ is in seconds.

It is also known that x = 0 when ¢ = 0. Plot the path of the particle and deter-
mine its velocity and acceleration when the position y = 0 is reached.

d,'l: 3:0 =) V-:? Magn?l'uol(’ and o(ifechon Smce its Ve'oci"y-

A= 2

5: |06 — qtz
= 106 — Y12

\/9: _8t ,a,'l' 5sec = -Y0 m/s

Ve= 50 - 6t
Ux (t=5) = 50 - 16(5)
= —30om/f

vl = [(-;o)2+ (-40)*



problems 2 /2.

2/8 A particle moves along a straight line with a velocity
in millimeters per second given by v = 400 — 16t2,
where ¢ is in seconds. Calculate the net displacement y
As and total distance D traveled during the first f Yoo
6 seconds of motion.

V = Yoo- 1Bt* (mm/s)

t: 0-6 SeComlS -S \5 '6 > t
no neaalive
V= % = Yoo 6¢2 +ime 3

<

S

So

é
ds=§Y00-16¢* 4t

26
S-So = Yoot-1l6t ]
3 °
AS= 1248 mm
= 1.248m

Distance = l s | +,A52’

S
("uoo- 164" dt + sf‘foo _6 i db

-
-

3 S 3 6
= uoot- 16t} ]+ doot- 1o Iy

=||333.33I+ ||2q8 - 1333.33
1 absolute Value

= 133332 + 85 .33 because we want
total distance not
Distance = 1Y18.66 mm displacement:

= 1LY\8m



2/14 In the pinewood-derby event shown, the car is re-
leased from rest at the starting position A and then
rolls down the incline and on to the finish line C.
If the constant acceleration down the incline is
9 ft/sec? and the speed from B to C is essentially con-
stant, determine the time duration ¢, for the race.
The effects of the small transition area at B can be
neglected.

T, O G S s g,

10
\/ 12/

Problem 2/14

—F(om L—ZJ—

Gac= 1

X= (0cos20=9-Y
Y=10s:n2d = 3.Y2

N (B/s)

W\f

0 (s)
S= /So/'l' Yt + '/20_132
10= (oxt) + b vaxt? —> released from rest
W Vozo
- 2 2 _ o
j0o=yst t* = e
tc’ LU s
'Pfom E V; Vo + dt
V= 0+ (Q*I-q‘l)
V= 13. Ul ‘pt/f
bQCow(e ,\S ( -p")
Veloci’r\j i< 221
Cohf"'t—
slope fromB toc =V 04
Vo= Ve = AS 13.4) = 12
I ~ i At \ X
Ot= 0.89Ys -t -ty =084 t
(s

t: -0-3Y+ 149 = 2-38&_/ )



2/29 A particle starts from rest at x = —2 m and moves
along the x-axis with the velocity history shown. Plot
the corresponding acceleration and the displacement
histories for the 2 seconds. Find the time ¢ when the
particle crosses the origin.

S~

v, m/s

&

Problem 2/29

(

S/
afes  gives displacement
15 |
/ As= L yosx3 =075
0754
Sp: 0 751’So = 075"2
“mG ! ! ;
: | L
( | \
| O
| \" @ s

\
-

Gr t<o5
a= 4V = 32 =4
dt oS

Po( \<t$2
a= 3--1 =-y
\ -2

- — e e m — - .

_———— e —~— L~ o~

e — e M i —,——e

P — - — it




2/35 Packages enter the 10-ft chute at A with a speed of
4 ft/sec and have a 0.3g acceleration from A to B. If
the packages come to rest at C, calculate the constant
acceleration a of the packages from B to C. Also find
the time required for the packages to go from A to C.

12

Problem 2/35

294 m/s*

A= 0:3q = 0.3 ¥ 0.98 m/c?
J $ Q.66 $t/s52

Ny

Leom @ Spe = Vo¥tAﬁ + '/Q.O.Ag*‘bﬂﬂﬁ
2
0 = Yxtag + 1, (3-¢6) (ta)

tAe = IOSS S

'Pfom 15) Vo= VA +auty

= 14.462

fom B VE=Ng 4 2agc % Spc
0 = 1UY62 '+ 2% dy & 12
ag, = -8.714 Pt/s*

Ve + Agc ¥ tec

Ve
0 = 14462 4+ (-8-7I14)tec

t@(, = 1.66 s f‘l’otal = tAB + tee
= |.033 + |- 66

Tt = 2.743 s




— Projectile Motion: (motion under qravity )

Ax =0 — No wind ay =@ of 1*3 Loy
x = Wxo Vy = Vg,,@gt
= Xo+ Vot  [Z gy= Y, + Vyoto) gt
W a2 o Vy = Vi (529 (4- 4,
X=XoxViol +1 axt”
Vyo is always congfant Vy, is always changing
X direction ) Y oln‘rechons
A
N
-

Vyo= Vo Sinh 47

Vio =V Cos 0




problems 2/Y

2/63 The x-coordinate of a particle in curvilinear motion
is given by x = 2t3 — 3t, where x is in feet and ¢ is in X = Ztg -3t
seconds. The y-component of acceleration in feet per
second squared is given by a, = 4¢. If the particle has X - 6-6 1_ 3
y-components y = 0 and y = 4 ft/sec when ¢ = 0, find
the magnitudes of the velocity v and acceleration a X — | lt = ax
when ¢ = 2sec. Sketch the path for the first

2 seconds of motion, and show the velocity and accel-
eration vectors for ¢ = 2 sec.

@t=0 — Y=-4ftrs § y=0
= =1 =9
Y = 4t = ay
¥ Y= Jaydt = Sutdt - 262.¢

mt=o =YPftr - j: 2(0)14-( -y
=Y

3: 2t Y

VI = [viEavg =\)(6(t2)—3)1+(2(t2)+‘4)?_
(673 + 2022 +0)* o o B2

lal=JaF«aF . [126)% (Y1)
la-‘ = ﬁ“'z+ 8?_ &_,a\': t=2
lal= 25.3 m/s




2/64 The y-coordinate of a particle in curvilinear motion

is given by y = 4¢3 — 3¢, where y is in inches and # is y = qt"' -3t
in seconds. Also, the particle has an acceleration in
the x-direction given by a, = 12¢ in./sec?. If the ve- ‘j = 12¢ 2 3

locity of the particle in the x-direction is 4 in./sec

when ¢ = 0, calculate the magnitudes of the velocity
v and acceleration a of the particle when ¢ = 1 sec.

Y= 24¢

Construct v and a in your solution.

@Rt=0 — X= Ym/s
@tz_i_—-»_lll_,_m;l_#

X=12¢
X=Sxdt =§ 12t
Xl = 6(0)1-0-(: y

t-0

bt +C

O = "’
).(‘:. é‘tl-l' 4

\vl| = / i+ Vg = f[stf)hq)ﬂ(u(t)l-z)l

o v e
vl = 13945 m/s
\&‘;J OL,(2+ a’g- =\/L|2‘L’)1+ (2‘-“?)2
Ob-1

= FZz-r 24*

lal = 26.8 m/s?



2/77 If the tennis player serves the ball horizontally
(0 = 0), calculate its velocity v if the center of the
ball clears the 36-in. net by 6 in. Also find the dis-
tance s from the net to the point where the ball hits
the court surface. Neglect air resistance and the
effect of ball spin.

Problem 2/77

XQZ XGo + VXo'es xBo =0
Xg = thB

= Xg_ -
Yoz b2 -0

Yo = Yoo + Voo te +‘T3-L32 @ Yoo =0

36in =38t
6in = 05-Pt
9= 9.8Im/s2 = 32.2 P2

Vig, =0 (served hofizoritally).

2
5= I/2 (32.2) f(;
"':B: 0557 S
‘Pﬂim @ 7
V = q = = = V
¢ %a_ 0557 70 Tl - Vs

[2) Y= Vet Lgtd
BS- L gt? = .. |k= 0727
Xe= Vo te
39+S= 70 ¥ 0.727

S= |1.89 Pt




2/78 The basketball player likes to release his foul shots
with an initial speed vy = Z.15m/s  What value(s)
of the initial angle 6 will cause the ball to pass
through the center of the rim?, Neglect clearance
considerations as the ball passes/over the front por-
tion of the rim. Z/

+the -ﬂgiwg Hme ig

——— 0.9387s
Vosind 7 X
p e
r N ———
/s
— 050
M3 05m
Y2\om
1> . 4
Y.\9m

5’_" = :’o + Vot '%3t2

3.05= 215+ (Z.155in8)(0.937) - 4 (4.9]) (0:992)°
Z

0R¢
X: Xo + VX,a {7

Yjy =0 «+ VoC059 ”
YJY = 0+ Z.15 cos 6 (0987)

C059 = 414
715 ¥ 0987
B= cos [ 114 =54 «

75 #0987

53.57°



2/87 A fireworks shell is launched vertically from point A
with speed sufficient to reach a maximum altitude of
\S0 M gavHy: A steady horizontal wind causes a constant
horizontal acceleration of 0.5 ft/sec?, but does not af-
fect the vertical motion. Determine the deviation &

at the top of the trajectory caused by the wind.

Wind |
:l 594 150 m ~

Vo

—_— V)(,o =0

— 5 (vedical)

* 4%

Problem 2/87

Vy = Vj?; -2q (Y-0)
0= anf‘- 2 (9.8]) (I50)
Vy,0 = 54.25 m/s

V3 - Vﬂo -9 8
0 = Vyo-938l tg
'b@ = 5535

| 2
Xg = Xa + gty + ‘}[”‘t@
Xg-Xa = Y% (015) (55 3)2

§=23m

MaXimum

height



2/88 Consider the fireworks shell of the previous problem.
What angle o compensates for the wind in that the
shell peaks directly over the launch point A? All
other information remains as stated in the previous
problem, including the fact that the initial launch
velocity v, if vertical would result in a maximum
altitude of 500 ft. What is the maximum height A
possible in this problem?

—= 4 F
|
|
|
|

|

— 1
Wind

1 \ \+\5 ’

— N

Vo
&a

A

N
+
X

Problem 2/88

¥ The shell would each its maximum height only
when fired vertically up ond at maximum height
vertical component of the velocity is zero.

VU = V‘Jo B 9-t

o= VoCosx-981 ¥
VoCosox = .81t  __ (1)

2
X=X + Vot + L axt
6=0 -V, S;nd\"; + l/za)(tz

Vesinx t =(05)(05) t2
Vo Snx = 0075t  —_._ (2)

Divide (2) by Q) to fid the ange

Vo cos — Q.81 ¢ = o=0M4Y’
Vo Sin X 0.075t

Vo Vo CoSoL

y i

Vo Sinx

¥ constant hotiZontal
accelefation = 015 m/fc2

/ Vy:O

(mox

2 2
299: Vo Cosxx height)

2

Y= .\_/L Vy= 54-25 mk
19.62 £rom previous
question.
Y= 150m

which 1§ The maximum
height



IZ/‘S ] Novmal - Tangin‘ﬁal cootdinates .

-ﬁ-n‘t axes ave bﬁ Ve {-axis in
P?Xpeﬂtlicm'alﬂ dicection oL
increasing

displacement.

L‘mmec‘hon po.'nt
(no normal (=0)).
¥ Notmal Vechr s always
n the difection £ +the
certel of the cwrve. what’s the difference between
*Y and nt coordinates?

— 2 2
a=an+a~:@a= ay\-faé

2 \]
Ay = U = pormal accelesation
ﬂ

P = Radins of cucveture
(.From ceer of macs of an object
to the center of the curve).

di= V=S
4 Citeular metion

=
P
where 0 : angular speed..

0 : angulas accelefation.
cc‘v) ch

(special case of curvelnear motion).



SAMPLE PROBLEM 2/7

To anticipate the dip and hump in the road, the driver of a car applies her T — 60m t-a
brakes to produce a uniform deceleration. Her speed is 100 km/h at the bottom A of
the dip and 50 km/h at the top C of the hump, which is 120 m along the road from
A. If the passengers experience a total acceleration of 3 m/s? at A and if the radius of n
curvature of the hump at C is 150 m, calculate (a) the radius of curvature p at A, (b)
the acceleration at the inflection point B, and (c) the total acceleration at C.

' B 150 m

('\'[s
b

a 1S a\ways between

3 =
VA = 100km/h = Woxio = 278 my nand t vectols, ¢t
36002 s to the left becauce
Ve = 50 km/h = 5?%&\.0. = 13.89 m/s t’s dece\eration.
00

Ap= 3m/s*  « total acceleration

P¢= |50m
2 2

[B (aﬂ)A = _Vj.__ = .2.1_& VC = VA1+ 2(04:)‘4 (S(—SA)
2 Fn

2 2 ) (13.89)%= (27.8)°+ 2 & (120)
(), = (an), +(ay),
(3); = (an)a +(Cae)?)
(3)* = (an)?+ (-2.41)*

ﬁ—(-l"ﬂ)z = (2n),

(ay\)A = '785 M/sl

¥ ag=-24 m/f?

2 aB’? =1 (“)c
(at)y = -2.4) en/s? (e)e = -2.41 mc2
= \/2 = V2 = = c2 = . 42 = {. m/c2
(an)e 7‘.‘:. _;50- o (an)( _%_. J_‘%_og_ (.286 m/
ag = -2.4) m /52 (@)= | (24102 (1286)

= 2.?3 M/jz



problems 2/5

2/97 Determine the maximum speed for each car if the
normal acceleration is limited to 0.88g. The roadway
is unbanked and level.

16 m

A \
‘ \
\ \
N —
s
|
! [
y y

/

/

/
/

An = 0.88 q = 088 (9.8l m/c2) = 8.633 my2

ah=.¥—2 = V?=va,

¥ for car A =

vio (16) (8-633)

V= |I.#5 m/s

# ‘Po( ar (3o

Vi (21)(8633)

V= |3q6 m /5




2/99 Six acceleration vectors are shown for the car whose
velocity vector is directed forward. For each acceler-

ation vector describe in words the instantaneous mo-
tion of the car.

Qay

N ¥
I~ e
a5 ;
)
Vector a, s

it is pomted in the same forward difection as the velocity

vector. Therefore, the |speed of the car will increase| and

there is |no change in path curvature| of the car.

Vector a, s it is poimted towards the left in the forward direction

of the car will increase| and the

with the velocity vector forward,

Therefore,|the speed

car will furn to +he left.

Vector dj ¢- The gpeed of the car will be stationary | and

""\e cot wil

twn 1o the |efF

Vectof dys-  |Speed of the car  will decrease

, the car  will

$urn +o the lelt.

Vector a ¢- speed of the car will decrease

, [no chanae n

paTh curvature.

Vectol o, % speed of the cor will decreage

Clcar Wil turn

to the vight




2/100 The driver of the truck has an acceleration of 0.4g
as the truck passes over the top A of the hump in
the road at constant speed. The radius of curvature
of the road at the top of the hump is 98 m, and the
center of mass G of the driver (considered a parti-
cle) is 2 m above the road. Calculate the speed v of
the truck.

X o.‘l' Consfant speecl
‘Hse Tansen"'ia‘

accelefation (a¢) =0

A= Gy = 0Mg = 04 (9.8 my2)= 3.92Y my2

V- {an P - Jea29)(asen = 198) mi



2/107 The speed of a car increases uniformly with time
from 50 km/h at A to 100 km/h at B during 10 sec-
onds. The radius of curvature of the hump at A is
40 m. If the magnitude of the total acceleration of
the mass center of the car is the same at B as at A,
compute the radius of curvature pg of the dip in the
road at B. The mass center of the car is 0.6 m from

¥ Velocity increases
unifofmlg =

accele fation 1S constant

the road.

A 0.6 m ?
IJ )) (1 04 PB
|

40 m

3.3 mis  (B)

100 Hom /¢ 1000 = 27.78 m/s
600

50w/, # 1000 -
3600

a = Qg

US‘VDS k;bema‘hCS eclua‘h'on -pof Cons"f'an"'
accelevution between point A and B3

Ve = Vi + a,-t
2773 = 13-84 + a4 #10
dg = 1.39 m/c2
8\= Yo +06 = 10.6 m
&2: 0‘%+¢%= -\ﬁ‘f+a{;2

A A
2
a,fz(%s_ﬁ L (1:30)2
0.6

CL,o, = 945 M/sz

Since d, = ag

2 2 2
A = Apg + &,

(495)* = aZ +(:39)*

ang = L(?S 'ﬂ\/gl

Ve

an& =
Pa-0.6

PB -0.6 = (27 73)2
(Y.75)

Pa= 1631 m| #




2/112 Write the vector expression for the acceleratiox@
of the mass center G of the simple pendulum in
both n-t and x-y coordinates for the instant when
6 = 60°if § = 2 rad/sec and § = 4.025 rad/sec?.

T
0

A $ind
\ 47

7
/
\
¥
N
N
N
S
2
S
e —

. 4 N
B < - a;;i»e
0 ? ~  0,cosb
at
v Y
dy, 250
n-t Coofolina‘l’e
=D —D —
a = ay\ + aé
2 . e 2 v
=-V—n+vt = Y0, + 70t
/O = q(q),,-l- 'i(“(-ozs) +
A = |6n + |6't

X-Y coof dinate ¢-

—16.) sin(60) ~ 16 cos(bs) = -2-94
16 cos(60) -6l sim(0) - -5-94

h

Ax = -Ag sinl -Apcosd
aj = Gy cosd - On SiNG

Soa= <219410 - 5.94%



2/114 Magnetic tape is being transferred from reel A to
reel B and passes around idler pulleys C and D. At

a certain instant, point P; on the tape is in contact _x— ;;n ce "l'he pu “:’S oe
conne led by o Single

tape then the tungential

acceletation at differont ponts

with pulley C and point P, is in contact with pulley
D. If the normal component of acceleration of P, is
40 m/s? and the tangential component of accelera-
tion of P, is 30 m/s? at this instant, compute the
corresponding speed v of the tape, the magnitude of
the total acceleration of P;, and the magnitude of
the total acceleration of P,

o(,”zl_p\f:g, Yo = V- = |v=2 mp

£ ap = /(‘Io)z+(?o)2' = 5om/f?*
¥ Qp, = J (%5)2+(?0)1 = 95.44 m/s*

2/115 The car C increases its speed at the constant rate of

is the same.

1.5 m/s? as it rounds the curve shown. If the mag- At = .S m/s 2

nitude of the total acceleration of the car is

2.5 m/s? at the point A where the radius of curva- A =

ture is 200 m, compute the speed v of the car at this

point.
Pa-

i
\7\<'0

.
§ - 3600h

2.5m/°

200 m




2/118 A particle moving in the x-y plane has a position

vector given by r = %t2i + %t3°, where r is in inches
and ¢ is in seconds. Calculate the radius of curva- On = \/2
ture p of the path for the position of the particle < P 57

when ¢ = 2 sec. Sketch the velocity v and the

cur-
vature of the path for this particular instant. J

Y= 3/2t22+2/3t3f
V=3t0 +2t2) @+t-=2 > v-67+87]

0=37T + 4yt ] @t-2 - a-=30+ X

|V‘=Ja’2-r32 = lom/5
lal= |4 87

8;"‘ M/sz

"

at= O\-é\t_ = &'M.
Ivi

= (32133‘)- 60+87
lo

= |.83+ 64 = 8.2 ins2

an= [of—a  Z[@SYF-(82)* - 24 ina

O\"’pﬁ > 24 - 0 5 |- dIZin] #




2/125 The mine skip is being hauled to the surface over
the curved track by the cable wound around the
30-in. drum, which turns at the constant clockwise . _ o
speed of 120 rev/min. The shape of the track is de- D'a'."efe( = 30in = 2.5 feet
signed so that y = x2/40, where x and y are in feet. 6 = 120 rpm
Calculate the magnitude of the total acceleration of
the skip as it reaches a level of 2 ft below the top.
Neglect the dimensions of the skip compared with
those of the path. Recall that the radius of curva-
ture is given by

[1 . (d_yf}s/z V= (é
dx V= (25)( |20)m = |57 m/S
d ¢

dx?

e —_ _ =

= X x=J Yo
= = v a= v: _ (5#)*
Y= position of the skip when P 26.28
it reaches 2Pt below the top
= lpt A= 933 Ft/fl

x=J 40 = 894 £t
$o b fod
20 P 25

p- L+ @ _zopieny1®
%

dx2

X= position of the Carriage = 8§94 ft

P= 26.28 Pt



» 2/129 The pin P is constrained to move in the slotted
guides which move at right angles to one another.
At the instant represented, A has a velocity to the
right of 0.2 m/s which is decreasing at the rate of
0.75 m/s each second. At the same time, B is mov-
ing down with a velocity of 0.15 m/s which is de-
creasing at the rate of 0.5 m/s each second. For this
instant determine the radius of curvature p of the
path followed by P. Is it possible to also determine
the time rate of change of p?

As 0.2 Mz (+X difection)
Vo= 021

Bs 6.5 ms (Y ditection)

-
e

= -0.I5)

=D

vV V_,‘q-\-\-/-a

= 02—? -0.15 3

magnitude of velocity of point p

V =/ (0.2)% (-0.45)*

V = 0.25 m/k
dp= 0750l mpz Qg = 053 m/k?
a: AA + a)g = 0.7'51: +0.53
\al = J(0-75)z+(0-;)2 = 0.9 mf?
For the direction of +the accelevation $-
- -> A ~ a A
n= V - ©0201-0)5) _ 0871 -0.6)
W\ 0.25
EL} = Q ;\.
= _0.4(087-06]) = -072C + 0.54]
- -y -
a = &, + 0
a”-.—. a‘-at



|2/8; Relative Motion
Absolute motion

Relative wmotion ¢

4

A — R .
Vasg : Positon of A (elative to B.
o R
X 7 - - -
(s L = Vg + Yas
) - = -
5 Va = Vet Vag
A= %+ %ap
N = - -
? e = fa + (g
8/A
e L
A fon
)
VA



SAMPLE PROBLEM 2/13

Passengers in the jet transport A flying east at a speed of 800 km/h observe
a second jet plane B that passes under the transport in horizontal flight. Al-
though the nose of B is pointed in the 45° northeast direction, plane B appears to
the passengers in A to be moving away from the transport at the 60° angle as

shown. Determine the true velocity of B.

- - )

Va= 800x10® - 222.22 mk
3600

222.22 [ = Vg cos45° T + Vg sinH5°F 4+ Vay cosés b - Vay, sinsol

222.22 = Vg cos45° 4+ Vajg Coséo’  — ()
0 = Vgsin¥5® - Vayu sinds”  ___ (2)
Vg = 717 kmy
VA/B = 586 Kmf

O0R9-
Smn  Law s

I\

gQO —— V3
S (75") Sin (609 Sm4s



SAMPLE PROBLEM 2/14

Car A is accelerating in the direction of its motion at the rate of V2 M/Sz'
Car B is rounding a curve of ¥90m radius at a constant speed of 54km/s, Deter-
mine the velocity and acceleration which car B appears to have to an observer in
car A if car A has reached a speed of #2 Km#, for the positions represented.

*(af)e =0

—P

Vo = Va + \_/-;/A

5Y cos60" { -5Ysinéo’ ) = 7221 +(Vey), 1 + (VB/A)g (!

vp = 44 ft/sec

N \S
549 cos 0 = 72+ (Vigy Yx N ,\ah(‘”/j,
-5Y sinéo = (VG/A)S yn
-1 o2
9 = 'bmn (VBM)ﬂ ap/A \ g
LVBIA )x \\ﬁ L
/a:{ = 3 ft/sec?
. -2 m/g?

6= ys.l’
oRs-
—_ .
cosine Laws
2 2 o 2
Va + Ve - 2VaVg CoSbo = Vg/ﬂ
28 4 15~ 2(20)(15) coséo = Vg,

v (4)); = 2
+,> an: J¥Q.= ‘L_Sj-:IGM/{l
> - - — 8 o
(2) G*Q/A = 7, a@ — aA + aem f
(Qn)g Cos 36" T + (@n), sin30° T = 1127 + (g, )+ (Qgy)y
(aB/A)X = 15¢Cos32° -2 = 0.099 m/s?

(xe/)y = 15 532° = 0.75 mk?

Rep = [(Es/a)i*r (aﬁ/n)§ =j6-o‘l‘))z +(075) = OFSF m/c?




problems 2/8

2/186 A marathon participant R is running north at a V W 9
speed vy = 10 mi/hr. A wind is blowing in the di- R -
rection shown at a speed vy, = 15 mi/hr. (a) Deter-
mine the velocity of the wind relative to the
runner. (b) Repeat for the case when the runner is \/w = Vp+ Voo 7
moving directly to the south at the same speed. Ex- R
press all answers both in terms of the unit vectors
i and j and as magnitudes and compass directions.

. = |0 mijp,
¢ 5
2
L | -
;T MjR = 19mi/h,

a) Vw/,q = J le-{— Vgl -—2le/3 CoSH

= ﬁls)2+ (10)°~ 2¢15)(10) co5(125) Vg = 22.3 mi/pe

Vw - Vwp _\_i = 223 = 33.4 towards west
Sinx sin (125) sinX Sin (125) of south ﬁﬂ
South

Vi = =Y Sinx T = Vigg Cosex 3 = =223 sin(33.4) T = 22.3c05(334) )

b) VW/g = jT/wl + ng -2V VQ CosS 4

= B2 1022 2015) U0) cos(55) = 12,4 misy,

Yo - Vg 15 - 12y = 82.27°

Sin Sin{s5) Sin@ Sn (55)

V"‘//R oS i\ + VW/R S;V'KI
-12.Y cos(273)+ 12.Ysin(##3)
= —12.30 +1.67)

It



2/188 The car A has a forward speed of 18 km/h and is ac-
celerating at 3 m/s?. Determine the velocity and ac-

celeration of the car relative to observer B, who = VA
rides in a nonrotating chair on the Ferris wheel.
The angular rate () = 3 rev/min of the Ferris wheel
is constant. t
novmg
Q = 3 rev/mi / Moy - v,
rev, mln/ E/ : s A
N5
L———x
" V3
R=9m Ve
Yev » 2R
min — 4o
a) V= v = 9(!6°§62+V§'m€)3)
= 8 (9cos (¥5) T +9sinl45) § )
= 342K (Acostus)T- Asin(45)])
o
Vo = 27 -2)
Va = Vp+ VA/g

Vase = Va-Vg = 51-22*—23

a- Gn= Y - v§ - (3*%)2(_q¢os(qg")zAs:n(%“)‘))

= =0. 6282 —0-6283

GLA/G: aﬂ— ae
aA/B = 32\ + 0-6282 + 06283

Aprg = 3.6281 + 0.628)



2/192 A drop of water falls with no initial speed from
point A of a highway overpass. After dropping 6 m,
it strikes the windshield at point B of a car which is 2 V. P 2 ;\
traveling at a speed of 100 km/h on the horizontal VA = VA, (£ 3
road. If the windshield is inclined 50° from the ver-
tical as shown, determine the angle 6 relative to the
normal n to the windshield at which the water drop

strikes.

7 Y

a‘ z

A I/ 4

N //
N ,——
L +X = [2@8 (&)

6 m | [
| I
I I
I I
| I
I 1




2/196 Airplane A is flying horizontally with a constant
speed of 200 km/h and is towing the glider B, which
is gaining altitude. If the tow cable has a length
r = 60 m and 6 is increasing at the constant rate of
5 degrees per second, determine the magnitudes of D - 5Y 5

’ = = vod /%
the velocity v and acceleration a of the glider for g ]’870}: d

the instant when 6 = 15°. 9 = 0.0873 rad /s

VA = 2Joo Km,ﬁ, = 55.56m/s

Sn% sin7g



]2-9[ ConS’f'fmneo( Motion of connected pafticles.

Degree of Lreedoms

}_,K
% 1 OoF v’ é(
/ 0"’3 1 Dbp in This Course)
a K X2 number of independant
Z 2 Dof Vawiables.
X2
My

X
ror
X
M X= R@ ‘H\E{e K a (ela’n'on
between the two
Je 1 DofF Variables.
/'Cab’e length
0
L= Sa +§3 + C
)Jeﬁ\/a'('e
0=+ W +o0
Va = - Vg

aA = - a@ x
L only Por this



SAMPLE PROBLEM 2/15

In the pulley configuration shown, cylinder A has a downward velocity of 0.3 T

m/s. Determine the velocity of B. Solve in two ways.
) = 2 jA + 338 + Constants
0= 2{14 + 398
2(03)=-23 96
¥ ge = -02m/fsc  (of 02m/ upvmrol)

L=Yg+Js+d+ Y +Ye +C
L= 294 +Yg+~2Yc +C

L= 2‘54-\—334— l('ﬂg~£.)+c.
L=2Ya +3Yg+ <€

SAMPLE PROBLEM 2/16

The tractor A is used to hoist the bale B with the pulley arrangement |

shown. If A has a forward velocity v,, determine an expression for the upward
velocity vp of the bale in terms of x.

L=2(h-Yg)+!
L :l(k—y‘;) +) ;lz+X1

= -2Vg +_2XX '
2‘“.2-”(2

= 2Vg s XVA__ 5 \g-_XVA

J 2'+)(2 2‘“‘2"‘)(2

Z constant

T}\e Jieram:e &«
[ Constanl ¥

%

()




problems 2/4

2/207 If block B has a leftward velocity of 1.2 m/s, deter-
mine the velocity of cylinder A.

%‘;\3 534_7/ L = X+ 3’ -\—232 + C
B L=Xy+ 3Y2-Yy +C
L=X+ 352 +C (as‘StAming Yy i$ COnS"‘an-r)

0= X|+392+0
0= 1243y,

o

V= -0.Y m/s

2/208 At a certain instant, the velocity of cylinder B is
1.2 m/s down and its acceleration is 2 m/s? up.
Determine the corresponding velocity and accelera- L = 2 SA + 3SQ + C
tion of block A.

0-= Zs;) + 35.3 + 0
0=25+73(.2)

® Va=Sa = .8 mp

=2m/ 2 v e
l Tfe * 0=28, 4 35,
V=|~QV”/S
+ B e [
0=2%4 « 3(-2)

aA: §A = 3m/$2'



2/209 Cylinder B has a downward velocity in feet per sec-
ond given by vy = #2/2 + #3/6, where ¢ is in seconds.
Calculate the acceleration of A when ¢ = 2 sec.

L= 253 +Y4YSp + <

0= 2§3+ YSa )
_ 2 '1:3
0_2('5_+_6_)+ LISA

'qS.A -ty _g_z
tz

‘q§A= 2'&1’

Sa| = _20)+(2)® . 207
1=2 -

o A ($=2) = -2 Pt/s?



[3) Kinetics of paﬁLicles
Ffic‘l’ion%-

__, Friction $orce s ic a tangential force generated between
contacting surfaces

N
maving o bject 1
has _— Kinetic M P M P
p(ich'of\ —
\/ 7 77 F;'G—' mﬂ
& > Fx
. M > M
F = ﬁnchon ‘p«z)fce F; A N
& ‘_ impealin_g poin‘t FK = I‘K N
max
MN Ms = static coeppicien'f -I)ric+ion
o £ ‘ M = Kinetic coeflicient friction
“ N = normal firce
: > p= external load
?’Frmax(s-hf;c) P;ootj $'|’wa moving or\‘j when
e= FSmax
ho{'.
mov:n ' ' .
a_,, static object Static s hinetic
has static Lriction. force oeorce
- (£)

static force because
"belre maving .

Determine the maximum angle 6 which the adjustable incline may have
with the horizontal before the block of mass m begins to slip. The coefficient of
static friction between‘tthe block and the inclined surface is .

Sample Problem 6/1

) . )
o SF=a 1 SFy=0 .
mgsind —MsN =o N-mgcos@ =o
mgsin® = Ms N N = mgcos @ =5 ] ot .
sind = MsN s ///7
mq N ’? ;

sing=M cos@ . tanf= Ms - 0= ‘l’anq(/‘s) —
20



Sample Problem 6/2

Determine the range of values which the mass my may have so that the 100-
kg block shown in the figure will neither start moving up the plane nor slip down
the plane. The coefficient of static friction for the contact surfaces is 0.30.

Ms =023 J ==

fet (o)a.4)
ZFyzo N—%Iag&:o N= 922N
Foax = /%N Fnax= 03(922) = 2ZZN

Sty -0 m, (981)-277 -9815in20° =0

My = 62"{"3 R Case I
(.ca;e Ir
EFy= o (9.8)) + 277 -98) sin20 =»

m, = 60' Kg

LMy W\aa have any Value ‘Pfom é.0l Kg
to 624 K9, and the blocKk will remain
at rest.

*—F{ic{'ion S bad in beafing , geass, ...
gooA in Y reaKs y wa\Kms,




Sample Problem 6/3

Determine the magnitude and direction of the friction force acting on the
100-kg block shown if, first, P = 500 N and, second, P = 100 N. The coefficient of
static friction is 0.20, and the coefficient of kinetic friction is 0.17. The forces are

applied with the block initially at rest.

@ P = %oo
Z Fj =0
N - mgcos20 - PSin 20 =0
N =(00)(9.81) Cos 20" 4 500 sin20 = O
N= 1093 N
assume that static
ZF)(: 0 g(iC'hon is downwavrd
mgsin20 4 F; — PCoS26 = o F;M = /N
Fs = 500cos20° - (100)(Q.81) sin 20° = (02)(1093)
Fs = 134.3N = 2184 N
¥ snce F < Fspox the black isnt moving
and the agumption is corvecT
@ p= 10
SFy=o Fomox= % N
N = 456 N = (0.2)(95¢)
= 19).2

ZF;( =0
F=-24Y15 N (/\
The negative only

indicates that the

¥ since Fs 7 F;m,)g that means that the Liction is in the
block is mouing so we need o use the Kinetic opposite divection
Lriction. ond we compare
the magnitude with
Fe = M N Fsmox (| Fs) < Fomax).
= (0\#)(956)
= 162.52

=50 the Priction is 1625 N in  the wpward divection A



¥ Kinetics s relationship between force acting on a body and
change its motion.

[3.4l Rectilinear Mstion

EF)(: m A erzma(:y zf—z:mq_z
X
SAMPLE PROBLEM 3/1 3|'
A 75-kg man stands on a spring scale in an elevator. During the first 3 sec- |
onds of motion from rest, the tension 7' in the hoisting cable is 8300 N. Find the T =8300 N
reading R of the scale in newtons during this interval and the upward velocity v
of the elevator at the end of the 3 seconds. The total mass of the elevator, man, 3|’
and scale is 750 kg. |
ay Ta
mma,‘ = 75 Kg ¥
Vup 2 75(9.81) =736 N
Vo= 0 (Brom rest) '
0 o @43 T
Mg = 750 K 9 l
750(9.81) = 7360 N i
[ R=7
/ R For mans.
Scale +
di
Yeading r Zsz m CLy
LI R-75(9.81) = Z5ay = R= 75(438)) + #5(1.257)

820N R= 830N
for elevator ¢-

iﬂ ;ZFy = May

b 25009.8) 8300 - 750 (9.81) = 750 Ay
Qy=\-2572m/s*

2] Vp-= W+00th
Vp= 0+ (1257)(3) = Mp=37Zmk



problems 3/Y

3/3 The 100-Ib crate is carefully placed with zero velocity
on the incline. Describe what happens if (a) 6§ = 15°

lolbz Y5 YKg

and (b) 6 = 20° D)

45-4(93)) = yys
@ 0-15°
Fp = Y45sin(15) = 115.2 N

Fomax = Ms N = (0.3) (445Cos 0)
= (0:3) (4Y5cos15”)
= 124

ThQ cvole
is not moving

since F_’ < EWGK

and_have static
Priction upwa/o(-

3/4 A 60-kg woman holds a 9-kg package as she stands
within an elevator which briefly accelerates upward at
a rate of g/4. Determine the force R which the elevator
floor exerts on her feet and the lifting force L which
she exerts on the package during the acceleration in-
terval. If the elevator support cables suddenly and
completely fail, what values would R and L acquire?

no _occeleration

ZFg =0
N — YY5co50 = o
N=4YY5cos 6
ZF)(:O
Y45sind - Fp = o
Yussing = ¥p
@ 9 = 20°
Fp = W45 sin(29)
= |52.2 N
Ffmax = NSN

=(03) (YY5co520) = 125 .45N

= 5‘”66 F,P 7 FSMQX R The Cf0+e
i5_moVing
/\W\/A the ctahc
Briction is upwasd.
S - AN

‘4‘455:1\9 - F.[? = mdy

YY5sin2d® -(0:25)(UU5 cos 20°) = H5Hay
Y76 = 454 &y
Qy= .05 m/s?

Ay =
g
L 2% = may
— 9. = "3
” L—A(4.3) ﬂ(,q_D
L L= W.yN
R
Shy = WMem)oy
A- (M+m)(1.3) = (Mem)@8Y)
L1
-

R= (6o+9) (iqm +(60+9(93))
R< 8Y6.uN



3/8 The 180-1b man in the bosun’s chair exerts a pull of
50 1b on the rope for a short interval. Find his acceler-
ation. Neglect the mass of the chair, rope, and pulleys.

3/9 A man pulls himself up the 15° incline by the method
shown. If the combined mass of the man and cart is
100 kg, determine the acceleration of the cart if the
man exerts a pull of 250 N on the rope. Neglect all
friction and the mass of the rope, pulleys, and wheels.

=

—

m, = 816967 kg

" mon mpull = 2268 Kﬂ
l/ Fﬂ'\ai\: mmon '3
G =Fron = 8l.6467+ 9.3
= 800.95 N
FT'—‘ q F;\All Fp“" = Mpwy + 9
= Y(222.5) = 2248 % 9.8
= 890 ’\] = 2225 N
gﬁo = Ma
Fr- 6 =ma

890 -~ 80095 = 1. 646# a
89.05 = 8).6447F a

A= .2 mfi?
T= 250 f\/
SHh = ma

3T = mgsinf = ma

3(256) - 98 sin(15°) = Yoo @
a= 4.96 m/s*



3/21 Determine the initial acceleration of the 15-kg block
if () T = 23 N and (b) T = 26 N. The system is ini-
tially at rest with no slack in the cable, and the
mass and friction of the pulleys are negligible.

us=0.50

1 = 0.40 }\

,;J Tsin(%)

2T + Tco$(30)

! ") — +Ve
n»o‘h'O"

2T +Tecos(3s) - Fp =
E-P = 2T+ T cos(30)
= 2(23) + (23)CoS(20) = £5.4 N

- /“‘;(Ts;n(?o)-mg)
= 0.5 (23sin(30) —-(15)(a.8))

Fmax = /As f‘/
Fmax= 67.8
S"V\ze F," < Fma)(

it will nit move .

X-axs -

2T 4+ Teos(30) -fp =0
2(26)+ 26 cos(20) -Fp =6
fp = 74.5 N

Y-axis:
Tsin(2) + N - mg =0

N <= mg -T sin (30)
N=15(9.81) -26(5in 30)

= 134.15 N
rv;'ax = N °/‘S
- 13Y4.15(0.5) = 6FZN
Fp= N -/ = 134.15(0.y)
= 53.46 N
Fmax < Ee
o it will mgve.

2T + Tcos 30 -F, = Mma,
2(26) + 26 cos(30) - 53.66 = 15 Ax
ax = 139 m/s?



2
3/23 Small objects are delivered to the 2Zm . inclined
chute by a conveyor belt A which moves at a speed V; - \/‘2 + 2 oL (X-Xo)
v = 0-Ymss  If the conveyor belt B has a speed V22 _ V‘Z - 2a(k-x)

Uy = 04ms and the objects are delivered to this 9 N
belt with no slipping, calculate the coefficient of fric- (0:9)°- (o) = 2a(2)
tion u,; between the objects and the chute. a=o0. €25 m/s?

The accelefation of

2

EFx= m&x
mg Sin3do — MEN = ma,

Sh=o0
N = mgcos30

mg (5in36— Mxcos3e) = vf (0.1625)
NK: 0.558

3/33 The sliders A and B are connected by a light rigid Sin20 — . gin3c - _Sinlo
bar and move with negligible friction in the slots, X OA o

both of which lie in a horizontal plane. For the posi-
tion shown, the hydraulic cylinder imparts a veloc- OA = 08
ity and acceleration to slider A of 0.4 m/s and 2 m/s?,
respectively, both to the right. Determine the accel-
eration of slider B and the force in the bar at this

Sinl2o - Sm32o .. OA=0B= 0.288m
0.5 OA

instant.

x:= o0a%+ oB* 206 (o B) cos(e)
2 2 2 R
Ao%) - _&(%[oA + 0B™ 2(6A) (aB) cos(e) ]

2X X = 2(0A) (OA) + 2(oR)(0B)
- 2cos(lzo°)[(oA)(o'B) + (08) (o'A)J

2(0.5) (0) = 2(0.283)(0.4) + 2(0.283)(0B)
- 2605(/20°)[(0\282) (oR) +
(0.238) (0y)]

(OB) = Vg =-0Y4Ym/s

ﬁ‘;( o )= é%((2(0/»)(0’/*) + 2(oRY(0B) ~ 2cos(12)[ (0A) (08) + coexo'm])

0=2(0A)(0A) + 2(0AY + 2(0B)(0B) + 2(08)" - 2¢os(12)[ (oA)(0B) + (0BYCOA) +(oBXOM)
. +(0A)(aB))
0=2(0289)(2) 4 2 (0. "“2-!— 2(0-289) (oR) + 2(-0-'-4)2_ 2¢05(125)) (0-238) (0B) + (-0.4)(o4)
= + (0-233)(2)+(0-‘l)(-0-‘4)}
(oB)= A= -2.37 m/<? o Qo= 2.3Zm/s%* Downward.



3/37 Compute the acceleration of block A for the instant

depicted. Neglect the masses of the pulleys. < ;,’3 =0
N ==2(100sn(3°) + (Yo)(1-3!)
N= 292YN

1, = 0.50
1, = 0.40

¥ ¢

Assume static equilibrium:

2Fx=o ; —F+200C05(3135=0
F=1722 N
oy = SN = 05(2924) = 462 < F

Sfx=ma
2((00 Cos(%)) - MkN = ma,
200 Cos(30) - 0-Y4(292.4)=Uo A,
az 1406 m/s®



C L\a‘ﬂ'e( 3/5 . curvilinear mation
d Rec+an9ular coordinate

ZE:mqj A=y

Not mal &ngen’hal Coofdinates

fl—?:mqn \/:PQ

§F}=ma£ at=\/=f92
P .
an=_V’_P0O
5
SAMPLE PROBLEM 3/6 N
Determine the maximum speed v which the sliding block may have as it
passes point A without losing contact with the surface. T

e —

Solution. The condition for loss of contact is that the normal force N which
the surface exerts on the block goes to zero. Summing forces in the normal direc-

tion gives l
2 ———t

[2F, = ma,] mg=m U; v= \/g_p Ans.

If the speed at A were less than /gp, then an upward normal force exerted by the |
surface on the block would exist. In order for the block to have a speed at A |
which is greater than \E , some type of constraint, such as a second curved sur- n
face above the block, would have to be introduced to provide additional down-

ward force.

SAMPLE PROBLEM 3/8

A 1500-kg car enters a section of curved road in the horizontal plane and
slows down at a uniform rate from a speed of 100 km/h at A to a speed of 50
km/h as it passes C. The radius of curvature p of the road at A is 400 m and at C
is 80 m. Determine the total horizontal force exerted by the road on the tires at
positions A, B, and C. Point B is the inflection point where the curvature

changes direction.

Va = \00Km/h = 2.7 m/s V= Vg + 20 (S - Sa) SFhzMan =m VA - 500 (227"
Ve = 90km/h = 1389 m/s (13.39)* = (277) %+ 2(200) ¢ A = 23#:1“
Qe = =\Y3mis* -
2Fy = may Fr= J(ZF.«)ﬂ (sR)°
= \So000, =] (2877)+ (2145)?

SF --21ys5 N @A  Fr=3583.4N



problems 3/5

3/47 The small 0.6-kg block slides with a small amount of
friction on the circular path of radius 3 m in the ver- _ ZS'— 2
tical plane. If the speed of the block is 5 m/s as it A n=mMGan = m (—XA)

passes point A and 4 m/s as it passes point B, deter- _ymd = 06 5 2 (6.6)(9.3 )
mine the normal force exerted on the block by the rn 3 ( 3 ) S =5+ (
surface at each of these two locations. = 0.834 N
. S
//! g SFV):VV\GV.: M(_‘_/ﬁﬂ_)

F;\-mjcq(?&') = o.g(_q}_’)
= 2.2 + (0.6 )(1.81) cos(30°)
=8.3N

passes the 30° position shown. The coefficient of ki- ° 2
netic friction between the particle and the vertical- N+ "3 €os(30%) = m (\7{")

plane track is u; = 0.20. Determine the magnitude

of the total force exerted by the track on the parti- N= o.1(_1s* ) = (0-1)(3.31) co5(3c)
cle. What is the deceleration of the particle? >

3/49 The 0.1-kg particle has a speed v = 10 m/s as it SFn = ma,

N= [.\I5 N
v
fw=N PN = (02)(115) = 023 N
&’

m9 2
/ R=JNZe R = 1052y 0232 = 1w
Normal force
a\wsz towovd. s
the conter.

grid‘ion

+Nofmal Porces



3/57 A Formula-1 car encounters a hump which has a
circular shape with smooth transitions at either
end. (¢) What speed vg will cause the car to lose con- SY, - ma,
tact with the road at the topmost point B? (b) For a

mgq = Ve
speed vy = 190 km/h, what is the normal force ex- g=Ntm 2
erted by the road on the 640-kg car as it passes )
point A? 3= vh Yo
9= Vg
P

Vg={9P = {@sn(zoo) = 54.25m/s
=195.3 Km/hr

ZB = may VA = 160 Km/he =52.F m/s
mgcos(I6)— N = m(,va_’)
P

N=(6‘40)(4.8I)Cos(lo“)—(é‘40)(52.¥2) = 253.3 N

200



3/77 Small steel balls, each with a mass of 65 g, enter the
semicircular trough in the vertical plane with a hori- m= 45 9
zontal velocity of 4.1 m/s at A. Find the force R ex-
erted by the trough on each ball in terms of 6 and
the velocity vp of the balls at B. Friction is negligible.

‘\-mgcose
S:fg
ds=(vdé)
ir = MaQay
R-mgcos@ = my?
6.32
R= % v 4 0.065(Q.81) cosb
2 = ma, Vdv = agds =—9$:m9(fow)
-—yfg Sing = PAag v ?
S‘ VdV = ) —9fsine dé¢
Ay = —g$3n9 ‘ v ° 0
_%2] = -9°¢ (—Coselo)
9.
_\2/_“_ gy.'_uz = + 981(0.32)[cos6-1)
V2= 1053 + 6.28 cos

2

VB = 1053 +6.28(-1)

Vg = 2.06 mi



wor K and enerqy

X | XQ.

Vol

7 07 7 LEVAE A Y SRR J A

D

wofv\
\u|_,,_= F(Xz-)(,) in Joule = N'm

dot pfoduct: T-0: | J-1-60%.1:0
Reactive — Psint A () T'3=‘° j. J= /k 3:6
Lofce %, Pcosx +% =0 3. %R=0 [%.%:=1
X — M S active Pree
77 7T T 7 /717
(J- 2 )(,l
— . ‘ R
(L,_’z - (ﬂ F-dr = & (Pcosx 1 +€smog(i).olx T = SK\PCoSp(oLX = Pcosy (x;-X)
‘ ' \7 Bemuse n_this cuse., it oloesy& move

in the 3 aXiS.

Ve U,y = P with x direction.
Ve Uas = ¢ opposite X difection.

s —>+Ve X
2L
Us, = S F.dr
2 2
u._.2=S—Kx dx = - K x‘f = L k(x'-x2)
[ 2. X, 2

I

X2
!""9 dy ,.4( %
-mg (42 -Y,) WLLW?

= mﬂ(ﬂt = yﬂ-)

u,_,,_ = S Fclf



Principle of working Energy

Kinetic energy (T) = L mv©

T\ + U._,z = Ta }" wofk—enefjg equa‘h'on

AT=T2‘—I_| = Jim\/22=_;__mvz

in n-t coordinate &

Fn o does no work (feactive fice).
Fe:  does work (Active Lovce).

wol K positive if L in the divection of the displacement:
opposite direction of the displacement

—>
— negative » 1 7
—> F
/ ~
/ AN
( F'y\ \
\
Powel = Usz . time vate at which it can do work or deliver energy .
Hime
= -
- PV

1= epfioiencg = Pout

n



SAMPLE PROBLEM 3/11

Calculate the velocity v of the 50-kg crate when it reaches the bottom of the
chute at B if it is given an initial velocity of 4 m/s down the chute at A. The coef-
ficient of kinetic friction is 0.30.

8
Ly ° .
= ‘( mysinls” — V¢ (mgcosis’) dx 10 A

Upsg = (mgsin15°- My mgcosis®) (B-A) B e
Ta+ Us,g = To I i o g

2 . o ()
L my + (mgsini5™ M, mgcsste? (10) = Lomy” 50(9.81) N

u,R=1421N —
R=474N

problems 3/6

3/97 The spring is unstretched when x = 0. If the body
moves from the initial position x; = 100 mm to the
final position x5, = 200 mm, (a) determine the work
done by the spring on the body and (b) determine
the work done on the body by its weight.

Usz = L Kix*-Xy) = L Yxic (0.*-02") - _goT



3/98 The small body has a speed v, = 5 m/s at point A.
Neglecting friction, determine its speed vy at point
B after it has risen 0.8 m. Is knowledge of the shape

of the track necessary?

ij L B
A
Tas AmW = 25m Tiv Unp =T
Te= —\z-rv\V;;1 _222',,4+ Mg (y,-92) = LAl

2
zzs #(981)(0-038) = L

3/100 The 03Kg collar slides with negligible friction on
the fixed rod in the vertical plane. If the collar
starts from rest at A under the action of the con-
stant 8-N horizontal force, calculate its velocity v
as it hits the stop at B.

375mm

Vg = 3.05 m/s

VA =0
T| -,- UHz = ‘-r2
6 + M9(9n-ﬂz) + F(Xa-%) = —sz ng

(08)(981) (8375) +8(075)= L (0.8) Vg’

Vg = Y. 723 m/s



3/101 In the design of a spring bumper for a 3500-1b car,
it is desired to bring the car to a stop from a speed T Vs = T
of 5 mi/hr in a distance equal to 6 in. of spring de- Ly Ye2=l2

. . . . o + 2. L K Xz: l m Vz
formation. Specify the required stiffness & for each 2 2
of the two springs behind the bumper. The springs N )
are undeformed at the start of impact. K(15.24)" = Jz- (1587.57) (2.235)
K- ‘7 o7 N/m

=2.2%5m/s




| bm
SAMPLE PROBLEM 3/16 Y 06

friction in a vertical plane along the circular rod. The attached spring has a stiff-

ness of 2 Ib/in. and has an unstretched length of 24 in. Determine the velocity of efex
the slider as it passes position 2.

[?/ ?) Pstential Energy  P.E 3

M Gravitational PE:

h '[We pa s Vg = mgh
ref _,
ve
2] Elestic ¢.E
Ve = _2L k x* (a|wajs positive )

— work —energy equation

\
T+ Ve, + Va, + Usz = o+ Ve, + Vg,

L wor k done bj all external forces
except gravity f spring forces.

|
>

The 6-1b slider is released from rest at position 1 and slides with negligible

\/, =0 M/S' P
Un$+(e+d164 )eng'H') =06€m = .
2 _>U2
=17
Vz 4’ + V-0 no external forces umLe(
) Yom YeS \ = \ / %e (eﬂa(ence
T+ Ve, + Vg4 Usz = To + Ves +Vg, ) X, = Pnal length- u:g—};j;:cheo(
n
0+J£kx‘z*mwso =‘%""’V:+‘i‘kxz ©mah, =12 ~06
=o.6

1 356) (0-6)* = _\2_(3)(\/2)2 + L (350) (JZ(0.6)-0.6)*_ 3(3.2)) (0.6)
X2

|

Jog’i06® -06

V, = 682 mk _ J2 (06)-10.6



problems 3/7

3/139 The g?l‘r)gcollar is released from rest at A and slides
freely up the inclined rod, striking the stop at B
with a velocity v. The spring of stiffness £ = 1.60
Ib/ft has an unstretched length of 15 in. Calculate v.

Boomm

Vg = o g7
unstretched length - 375mm

(o]
o \
V‘f VE| +%+ U|.;2 = TZ -I—\/ez.; %2
2
_%k)(. = %—mvz-f -2|-sz2+ mg h,

X, = 0755 0.45% — 0.375 = 05m

Xg= 0.5- 03275 = 0.1%5m

L(24)(05)*= _;_(o.q)v’ + Leu)ons)
+(09)(3.8))(6.25)

V=115 M/S



3/158 The collar has a mass of 2 kg and is attached to the
light spring, which has a stiffness of 30 N/m and an
unstretched length of 1.5 m. The collar is released
from rest at A and slides up the smooth rod under
the action of the constant 50-N force. Calculate the
velocity v of the collar as it passes position B.

Y
AR
7 N
(1 N
L
|
(]
[P
[}
[
1.5m -
o ,/',/,
\30 L
l/'l/,
SONN i "
A k=30 N/m '/'\
L VAVAVAVAVAYAVAYAVAYAYAVAVAY

| o

x\: 2-15=05
X7 = J 925187 — 15 = |

o ] N
;Vl+ Vel"'/{':-\'UHz: T;_"'V?z + VQ.L

-}KX.Z + 50 co536°(92-9,) = %qu-f Jz_kxf‘

1 (%) (05 + 50co530°(15) = L (V™ + L (30) (1)’
+(2)(9.8)) (1-5)

V= Y.93 m/s



—> Chagter 53 Kinematics of Rigid Bodies:

= Rigd body: n system of pacticles for which distances between the
particles remain unchanged.

— Plane Motions e
Rec‘h'ineq( /[ ———y— = _[s.- OiS‘hMce

bd’ ween

1. Translational ~—E
cuwwilineay — [21- -~ - A and ¢
o (emain
2. Ro'hﬂ'ion aboud‘ ﬁixd axis. —\ unchangeal.

2. General plane Motion.

A combination of (D and @j \’

7 =

a:é% - %,— Remember
ads = vdv
Rotation
(fad /6) e— W = %tﬁ_ =0 ®
= %ﬁ” - w .. D
o = -%Eei = 6 Q@

xdd= wdw @ —> Vdv=ads

ot constant angulalar accelefation (ote)

w = Wo-i'o(ct @

Remember:
| veV = 2% vad wi= Wi, 20, (0-6) .. ®

0-6 +wt+lot @



SAMPLE PROBLEM 5/1 W

A flywheel rotating freely at 1800 rev/min clockwise is subjected to a vari-
able counterclockwise torque which is first applied at time ¢ = 0. The torque pro-
duces a counterclockwise angular acceleration a = 4¢ rad/s?, where ¢ is the time
in seconds during which the torque is applied. Determine (a) the time required
for the flywheel to reduce its clockwise angular speed to 900 rev/min, (b) the time
required for the flywheel to reverse its direction of rotation, and (c) the total
number of revolutions, clockwise plus counterclockwise, turned by the flywheel
during the first 14 seconds of torque application.

W, - \8o0 yev/min <cw

Xx= Yt vad /A2 <ccw

= 30K Yad/e cw

W, = lSOo(szf_) = 60K Y(adls cw

X = AW > {{qt o“' = S d\d
At ¢ t-0 -boK
2“:2 .—\o = W --680K _ w4 60X \2“;2_ 60X = W
~30% = 2t*-gox \L: 8.36 secJ

k’ when the divection reverses
there is a time where (W) =o0.

0= -6ox +t” | £=4.7( se<)

w= df wdt = J4
&t
W .7l 0. «\© Y 0,
b tj(—éoﬂ:t’) dt = S 46 > S (-go7 4 2t°) At = I,,lo

2 o 2 4
Q7| v r ,

—50Tt +_23._t3]° = 9. 92= '-“0 (ad

w
__.Ello foA =0
cw O . 8 N 5 1942 4653 2 259 (ev
2K 2K



SAMPLE PROBLEM 5/2

The pinion A of the hoist motor drives gear B, which is attached to the
hoisting drum. The load L is lifted from its rest position and acquires an upward
velocity of INZJSD in a vertical rise of @@k with constant acceleration. As the load
passes this position, compute (a) the acceleration of point C on the cable in con-
tact with the drum and (b) the angular velocity and angular acceleration of the
pinion A.

o) 2 2
J— > —_— 2
Ac = (Qn). + (ag)
2
o
linear velocity wich is the some
Lor the eative cable (= 2m/s) befween 2 Geass
Qp = 2% = |0 m/s? Gear Ratios i
o-4 Angula( pos;'h'on:
Oara = O 'e
Angular Velocity:
Wa Ya = WV
V. =0 (liP'feA -Pfom vest)
) = Angula/ Acceletation:
/_\\/c = V, + Za{_(j—‘.ﬂo) X, va =g v
Dinal Y= o+ 20, (08)
Velocity
0.14; = 25 m/$2
ac = Ja & ag =J10°+25% = 10.3Im/>?
b)
Ve = v we W, = Wy Ay = VX
2 = 0M Wc ((01'(1"'85 25 = o0.Y Xc
We =§ (aoL/S' +¢>3e‘fhe/) D(¢=% = 25 m/s? = Xg
w = W,Y, = v = (7
8Ys aAva Xg Vg = Xava > KAa= L8 xg
Wy = wB = 5( %%) = l5(aJ-/s cw = %'\2 (5-35)
S Car (opposite of the = 18-75 ¢ad /s*
(actios other gear). Cw



—_ AH‘ef nod'\'ve ap()foacln using vector notetion

v
—
V = o X YA W is normal to A
R — the glane of R &7
A = X X ¥a votation
A= @ x (WX =(m xV ¥ Use Right
HW\A Rule
A= a4 + Gn

AXY + Wwxl{wxy)

w s increasing —» X is in the ditection of @
W is decreasing — ® is in the oppesite divection of B

W s increasing —» di is in the difection of i
W is decvteasing — dy is in the oppesite diwection of 7

cw cCw
ix,):K G.Kk="3
K ixKk=1u Kxj=-i

U

Rotation about fixed axis:
A v/; linear Ve)oci‘l'j / angu|o\f Veloci+3

’ VA:(W
at=f9§ &n:\/: (2“"2:(0\)2

AL




problems 5/2

5/1 The circular disk of radius » = 0.16 m rotates about a
X fixed axis through point O with the angular properties (A - ) 0. (62 + o.oqz = 0.165 m
o = 2 rad/s and « = 3 rad/s? with directions as shown
in the figure. Determine the instantaneous values of
the velocity and acceleration of point A.

=
]

0.165 cosB L — 0.1655mnp T
0.041 - 0167

\

=~
n

W X 7;\ = -'2';‘ X(OO"(Z—O-IG.”
= —008] -0320 wms

— ) - ~ ~
Ut = X xVa = 3K X (0.047 -0.163)
= 012] + 0-U8L m/c?
- - = A Py ~
An= WXV, = -2k x(-0.227-0.083)
N A
= 064) - 0161 m/c?
- - - . ~ - "
aA= —‘{; + Q, = (0-‘48L +o.I21)+(—o‘ lu+o‘s<u) = 0.32L + 0.?83 m/st
5/3 The body is formed of slender rod and rotates about
a fixed axis through point O with the indicated angu- —
lar properties. If w = 4 rad/s and a = 7 rad/s?, deter- fo A= ,I 05 1.', o.t-{2
mine the instantaneous velocity and acceleration of
. = oé'—lm
point A.

8= tay' (%_;t) = 328.6¢°

- ~ ~
fh= 06Ysing L — 084 cos¥ )
= 0.550-0-333)

-

-y
ay\= WXVA

. - A i A 2 A
T ) 7 ‘-lk)il.lBZAL+ 273)
A ~ A A = 5‘28-’ "88‘:
= Yk x (0550 —0.333)
= 227+ 1327 3 - v
i- 3 + 3. - Zkx (0.55( -0.333)

X
= (2318 +3855)+ (-8.8] +5.237) 3.858 + 2311 m/s?

= <644 ¢ +9.13] m/s?



5/4 A torque applied to a flywheel causes it to accelerate
uniformly from a speed of 200 rev/min to a speed of
800 rev/min in 4 seconds. Determine the number of
revolutions N through which the wheel turns during
this interval. (Suggestion: Use revolutions and min-
utes for units in your calculations.)

sz = W|z + 20( Ae uz = wl +D(‘L—

Boo (2K) = 200 (2K 4 o (Y)
(goo(gr))* - ( 200 E.))7'+ 2 (is-;ﬁm
% e X =I15.7 = S vod/s?

NG = 20954 vod = 33.3(ev




5/7 The rectangular plate is rotating about its corner axis

through O with a constant angular velocity « = 10
rad/s. Determine the magnitudes of the velocity v and
acceleration a of the corner A by (a) using the scalar
relations and (b) using the vector relations.

oD

b)

V4
I

\\{

-1 o

B= tan (_3) - 36.87
T/.;: -l:)))(?A

= 10k x(03T+043) = 3 -4l m/s

aA=- CT’” = 3)((/) = |OR X(—HT+33) =

a)

, 2
0.2 + 04” =

Vo= Wi = 10 (05) = Smss

(A: 0.5 m

A= 0n= w1
= l02(05)
= ‘)—O M/Sz

-Yoj-30l



5/10 The bent flat bar rotates about a fixed axis through
point O. At the instant depicted, its angular proper- A
ties are w = 5 rad/s and a = 8 rad/s? with directions

Jo0.5%+ 032 - 2(0.5)(0.3) Cost105°)

as indicated in the figure. Determine the instanta- = 0.64ém
neous velocity and acceleration of point A.
Vy= wva = 5(0.646)
0 O = 3.28 m/s

Ap= win= 25(0646) = 1415 m/s*

a, = (X(A = 8(06‘-{6): 5'68")/52
a,- [azia,r = [ (56 %e15

5/13 In order to test an intentionally weak adhesive, the
bottom of the small 0.3-kg block is coated with adhe-
sive and then the block is pressed onto the turntable
with a known force. The turntable starts from rest
at time ¢#=0 and uniformly accelerates with
a = 2 rad/s? If the adhesive fails at exactly ¢ = 3 s,
determine the ultimate shear force which the adhe-
sive supports. What is the angular displacement of
the turntable at the time of failure?

YA
2

DO = wot + Lot
= 0+ JZ-(Z)(g)

DO =19 vod




5/16 The rotating arm starts from rest and acquires a
rotational speed N = 600 rev/min in 2 seconds with
constant angular acceleration. Find the time ¢ after
starting before the acceleration vector of end P
makes an angle of 45° with the arm OP.

|
!\ 150mm Ql)N
4 |

0=6, + wt +—|2~0('t2
_77"=0+ Of—-é-('OW)'LZ

t=- 0.22Yy5

Wiz o Jev
Wp = eoo(g‘l = 20& fadss
(o]

wp = W, +xt
ZQT =0 + X -2

X= 107 vod/s?

/= v W =(0I5)(20%)
= 3N w/is




5/17 The belt-driven pulley and attached disk are rotat-
ing with increasing angular velocity. At a certain in-
stant the speed v of the belt is 1.5 m/s, and the total
acceleration of point A is 75 m/s% For this instant
determine (a) the angular acceleration « of the pul-
ley and disk, (b) the total acceleration of point B, and
(c) the acceleration of point C on the belt.

YR 2 2
as = a"t'B -+ a"B

Ag = ﬂfx )* 4 (_V?@.z)z

=Foo* 0.075) 2+( (ol-';?g:y =
-0

y= 0% .- 0.075 m

2
Ve=Y W,
.6 = 0. 0#5 W
We = 20 rad /s e Por the pully
(which is the
Va= R w some for the
=(0.15)( 20) dick).
= 3m/s
ra z

(75)° = (o.\s)z(ot)z-»((?)z)Z
6-\5

&) & = 360 Yad /s

375 m/s?



5/19 The circular disk rotates about its center O. For the ¥
instant represented, the velocity of A is v, = §j |
in./sec and the tangential acceleration of B is
(ap), = 6i in./sec’. Write the vector expressions for
the angular velocity @ and angular acceleration «a of
the disk. Use these results to write the vector ex-
pression for the acceleration of point C.

Wy=MA_ =8 = 2K yud/s
Ya Y

Rb = ic_{_B_)_t_ :,_é -_--3_?& vad /s?
g 4 2

Ye= Ucosds® —““iSin‘-‘ISoj\
2V [ - 27y

An = Wx(Wx)

2% x (2% x (2v= 1 -2z 3))
= 2Rx( Yz J +4Yvz'1)

= —3J—2—3+3rz—3

x?Z

Xx(2[Zt-2Z 3)

S

o+

"
Nl“ X\

ST T -3z 1

A= A + 4y, = (—ZET, —353)+(—3E?+853)
ac: _\IJ?f-rGJ'z’ff M/Sz'



gests

5/26 The two V-belt pulleys form an integral unit and ro-
tate about the fixed axis at O. At a certain instant,
point A on the belt of the smaller pulley has a veloc-
ity vy = 1.5 m/s, and point B on the belt of the larger
pulley has an acceleration ap = 45 m/s? as shown.
For this instant determine the magnitude of the
acceleration a, of point C' and sketch the vector in
your solution.

Wg=Va = .5 _20 vadss
va 6.075
XK= Qe - Y5 - v2.5di?

Ye 0.y

2 2 2
A¢ = Qn + A,

Z= \/2 2 ( 2
A (_(_:_)+(K )

ac = (wz()2.+ (lx()2
= (20)%x (0-36))* + (025 %035)
¢ = 14Y9.59 m/?2

2

The velocty ot pon B2-

=wA
Vg = (0-9)(20)

8 m/s



5/2] Abcolute Motion :-

Rotation about fixed axis:
linear Ve(oci’l’j aﬂgula( VelOCl"',":j
A v — p /»

VA:(W
23 Ay = ¢ XK An=V - W o WP
' r
A
VA=£_/£W

K_; The distance between +he

Poin"' I want to Ca‘Cula‘“(
the velocify for and the point
Thet has Zero velocity .

7777 77777 rr r 77 77

Rolling  without slipping
|Fneal Ve‘oci‘l‘g + angulwl Velocﬂ'y.

5/31 The telephone-cable reel is rolled down the incline by
the cable leading from the upper drum and wrapped Vo =
around the inner hub of the reel. If the upper drum is
turned at the constant rate w; = 2 rad/sec, calculate
the time required for the center of the reel to move
9% along the incline. No slipping occurs.

som (458) vi-vy
o) 5

S
t
N
t- -
{132(‘“/5 't= 20
Vo

Vo: YoW, = 0.6 w,
Wl(‘\ = WA(}\
2(03) =08 wh
Wp = 0.75(‘4&/5 = Wo

Vo= 0.6 (0.75) = 045 m/s

+= 20 - 667 seconds.
0\s



problems 5/3

5/33 The Scotch-yoke mechanism converts rotational mo-
tion of the disk to oscillatory translation of the shaft.
For given values of 6, w, a, r, and d, determine the
velocity and acceleration of point P of the shaft.

|

V1
=/
| y

5/40 The telephone-cable reel rolls without slipping on
the horizontal surface. If point A on the cable has a
velocity v, = 0.8 m/s to the right, compute the veloc-
ity of the center O and the angular velocity w of the
reel. (Be careful not to make the mistake of assum-
ing that the reel rolls to the left.)

_‘ I

Xp = Ycos@ +d

Xp = - vsing (6)

Vp: -Ywsinb
Xo= (-(5in0 6) + (6)(-veoso(8)))
Re = —VrsinB — v w? cosh
V, 7
VA: (WA
= Va= 08 = 1327d
"‘A 72- " 32 (a /S
Wp = Ws
Vo = (t; wo
= 09(1-23)

= 1.2 m/s



5/47 The cable from drum A turns the double wheel B,
which rolls on its hubs without slipping. Determine
the angular velocity w and angular acceleration «a of
drum C for the instant when the angular velocity
and angular acceleration of A are 4rad/sec and
3 rad/sec?, respectively, both in the counterclockwise
direction.

Wa = Yvad /s
xXp = 3(‘aot/§2

VQ = 'rA Wa = 0-2(4) = 0.8 m/

V(;:(QWB = 08=o06 wep at‘t a,,e: 02X3= 0-‘!’"/52
a.t. :(06)0(8
06 =06Kg
Kg = | md/*

%, = | tadts?| ccw  H
A

Question s The circular disk volls  without
slitping with a clockwise amgular
velocity w=Y vad/s. For the instant
replesented , +he vector expression for
the V€'6ci+ﬂ of A with fCSPGCT to B is:

Vg =

= -4k x(-03% +029)
Vag= 112)+ 12T m/s

-
{A = fg 4 (A/Ea

03 = 03T +Vap
?4/8 = —0-1'{: 40-;?



5/4|+ 5] Relafive Velocity and Relative acceleration

Ve + VA’/Q

<L
[

— —
h= Vg +r WX Gy

— - pend
A = Ag + Qpsg
= 2
aA::ae.'.D()(?A/Q—W(A/B
‘(’angem‘i’ normal
accelefation accelevation

5/73 At the instant represented, the velocity of point A of
the 1.2-m bar is 3 m/s to the right. Determine the
speed vy of point B and the angular velocity o of the
bar. The diameter of the small end wheels may be

lected. I 0.5 sin30°
neglecte odiss o

¢inP= _85-055mn20°

.2
%B = 12.02°
\/‘3 =V, + VQ/A
—_ OIAt Ofp 'I"qe Paje
- - e
Ve = 30 + WXy, ccw 7 (thumb)

Vg Cos6o’{ - Vg sinés§ = 31+ w X (=1-2Co512.02 [ 4+ \.2 s'.,,u.oj_'j)
Vg Cos60’ { - Vg siné’T = 3] + =12 weos12.023 - 1-25in12.02°T

Vg Cos60 = 3-125in12.02°w ... ©
Vg 60" = —1:2 w €512.02° @



iChé)Kine'l‘iCS of Rijic{ bodies .

—> masS moment of imerdia V)
[
e mo W‘,
P
M=Tx
moment = Fxd. J k., mass moment of Iy- Iﬂz dA
inertia is & measure
— F of vesistance of o body Iy- ix*dA — unit m’
‘ o angular acceleration.
M=F

A
[, the distance +hat is
perpendiculor to the fuce.
gcuw -Ve moment. — Volume

ccw: + Ve moment. m=Pv
ma.SSJ LJensi'fg

= ,Sn {2 dm — integral of the “cecond moment " abaut
an axis of all the elements of mass dm
always +ve which compose the body.
Zkg.m"J - unit

— mea”el - 0xis Theovem :-

I-TIg+md” G- center of mass
new
d: vadius of gyfation: is oS
a distonce from o given
axis up fo the point wheve
the entire avea is assumed o
be concentvated .

new
axs

I-md® A:]‘%—
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TABLE D/4 PROPERTIES OF HOMOGENEOUS SOLIDS

(m = mass of body shown)

MASS MASS MOMENTS
BODY CENTER OF INERTIA
l
L4571 o
2 I, =gmr® + y5ml
—  Circular
z Cylindrical — L. = % mr2 + % mi2
y Shell o
‘ | I,, = mr?
x
1
Lo =il
1 172
l = 2mr2 + 12ml
l o N
=N D
X2 L.=IL,
Half 1%1 YN
& Cylindrical 5 L = L2 4 L2
v| Y Shell =
| 1x I, = mr?
X1
I, = (1 = %) mr?
l
l s
I"ﬁ 2/,| Im—‘%mr‘2+%ml2
3 =
Circular 1
: — Cylinder - L, = gmr? + gmi®
1
| x’ Izz = fmrz
x1
Lol
1 1
j 7 N amr? + oml?
Y E ¥ . I"l"l Iylyl
z W Semicylinder x= g—; = %mr2 + %ml2
J:
| I, =Lime
X1 *
7 =(1_16
I,= (2 9772) mr?

~ Rectangular
Parallelepiped

I, = 5m@®+ 1%
I, =1m®?+ 1

IL,= %m(a2 +b?)

_ 1 1
I,,,, = 1gmb*+ gmi*
Iyzyz = %m(bz + 12)
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TABLE D/4 PROPERTIES OF HOMOGENEOUS SOLIDS Continued
(m = mass of body shown)

MASS MASS MOMENTS
BODY CENTER OF INERTIA
- Spherical _ =2
e 9
z/-ﬁ L.=1I,=1,=35mr"
Hemispherical L
! Shell 2 7 _7 _5
| y = I, =1, = {ymr?
x
Sphere — L= %mr2
2
I.=1,=1I,=%mr
Hemisphere z=23r il
i b4 8
T oF oo 80
. L=l 320mr2
/ L
sakl 1
-1
Uniform - Ly =13m
X Slender Rod 1
K G \ Iylyl = §ml2
N\ y
Y1
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TABLE D/4 PROPERTIES OF HOMOGENEOUS SOLIDS Continued
(m = mass of body shown)
MASS MASS MOMENTS
BODY CENTER OF INERTIA
x=y "
Quarter- Lo =1, = gmr
Circular Rod _2r
™ I, = mr?
z
I, = %ma2 + émﬂ
inti 1, = 1mb? + Lmi2
Elliptical o w4 12
Gylinde I,= %m(a2 )
I, = imb*+ smi®
X
I, = imr2 + %mh2
oh L eg, 2 ‘ltmr2 + émh2
Conical z= 3
Shell I, = gmr?
I, = imr2 + %mh2
I.=1,
= imrz + %mh2
— _ 4r
! I" x= 3_,"- lexx = Iylyl
Half 7 1
= Conical = gmr® + zmh?
h Shell
U 5= 2h L= Lme
! x 3 = 2
5 1 16
I,=(z——]|mr?
= (2 9772)
Lt %mr2 + gmh2
. _ 3 1
Right- s I, =gemr?+ j;mh?
Circular 2= g
Cone I, = 3gmr®

_ 3 3 12
I, = 20mr2 + gomh
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TABLE D/4 PROPERTIES OF HOMOGENEOUS SOLIDS Continued

(m = mass of body shown)

MASS MASS MOMENTS
BODY CENTER OF INERTIA
I. = Iyy
= %mr2 + gmh2
= r lexl = Iylyl
T 1
Half Cone - gh = 23—0mr2 + Emh2
z=="
4 L,= 13—0mr2
7 (3 _1
I, (10 'rrz) mr?
I, = %m(b2 +c?)
L, = ém(a2 + c2?)
-_ 8¢ i i
S I, = sm(a® + b%)
I = %m(b2 + gcz)
Semiellipsoid L. =im@® + 22
p w5 64
x_2+3’_2=i Ixx=%mb2+%mc2
a? 1 9,1
I, = gma® + gmc®
W Elliptic = _2 el B . 79
Paraboloid =73 Iz = gm@™+ 69
z _
I, = gm®? + 3¢»)
x 7 =i 2,12
oy ™ 6m(a + 3¢ )
1
. I, = m®? + ¢
e I, = %m(a2 +¢?)
x==
4 L, = tma? + b?)
c Rectangular = b # 10
Tetrahed 4 -
etrahedron o Iu=§%m(b2+62)
zZ= Z B
I, = %m(a2 + c2)
I = %m(a2 + b?)
1 5
2 2 L, =1, = 3mR? + gma®
Half Torus x= G £4h. o
27mR

_ 2y 8.2
I, = mR* + yma




B/54 The machine element is made of steel and is designed

to rotate about axis O-O. Calculate its radius of gy-
ration k¢ about this axis.

—> This is a composite Body
L add algebraically I of paris.

Wsles are substracted or -ve guantities.
L I-3=3( Ic-n-molz)

Io-o = Iﬂ,".’u = -|!2_ m, bz"‘ ';-ml‘-z m, = PV; = PAh
o-o* bomm=b = _llf m, (o. Is)z + _3!_. m, (0.08)2
= L P(e.08)(o.16) (o. 16)% + J.}’(o-oS)(°-|6)(o.08)2
Somm=zL 2 3

Lo = 5Y.6 % 1652 ngm®

Io-oz‘.’- IG+sz m2=PV =PAah
=P§(z
G=X=HYc = Yol - 0.034Ym = & P(0-09)*
3% 3 =
= 0.015005 P

2
Iz 2= 14 = Jim,ff: T + mk
)
from the table
but Oﬁsfna”y ComeS

From the potalle| axis theovrem.
Te=Ta-md - L (0.015005 ) ( 008)” - (0.015005) (0.034)"
= 20.6 #16° P Kg.m?

Tooy = 206 #16° + (0.05005P) (0.08 +0.034)°
= 1511 #16%2 k9. m”



:Eo..°3 s IG -+ m; 42

2 2

L)

L [R (00w P] (0w + (0.04) 2(0.08)"

36.2 #lo"P kgm:

K IQ - Io-o. + Io-e; - Io_og
- m ™ + My -M3

= 4%5mm




Chapter € & plane Kinehics of Rugid Bodies

2 FX =m ac”x ‘E;-F(H _— 100( cuyvilineoy meotion
7
Zr3= maG”j ZFn:MQG'n
i M = IG A — -Pof fo""q"’l'onql motion ZE": = Mg, -
2 Me= o — for cectilineav motion SMg -0 — wheve =0 , =0

X Because there is no votution

So moment i Zexo.

SAMPLE PROBLEM 6/1
1500 Kg 50 Km/h

The pickup truck weighs 3220 1b and reaches a speed of 30 mi/hr from rest
in a distance of 2&,)"& up the 10-percent incline with constant acceleration. Cal-
culate the normal force under each pair of wheels and the friction force under
the rear driving wheels. The effective coefficient of friction between the tires and
the road is known to be at leas.t 0.8.

~—~ we can't use it.

0= +an.|(%) - 5.7 Bir the 4ruck do move ughill
the wheels have to votute
U = W+ 2ay (5-S.) cw so Priction is in the
opposite divection (ccw)
( %): 6+ 2ax (60) a

Qx = 1.668 m/s?

ASF, <may % —Mgsind= max
% - 1500(4.81) (sin(5.71°)) = 1500 ((.608)
%= 3880 N
«W
f Z Fg =0

MA + Ng - mgcasl;.?)" =0
GZMG = I“:O
+Na (15) - Ng (15) + 3880 (06)=0

Na = 6550 N]
NB= 8loo N




problems 6/3

6/7 The homogeneous create of mass m is mounted on
small wheels as shown. Determine the maximum
force P which can be applied without overturning the
crate about (a) its lower front edge with 2 = b and
(b) its lower back edge with & = 0.

C

B

P =




6/9 Determine the acceleration of the initially stationary
20-kg body when the 50-N force P is applied as shown.
The small wheels at B are ideal, and the feet at A are

small.

P-50N [ 08m————

0.4 m
Uy = 0.40
W, = 0.30 2 RE
™)
Ve
ZFX = Moy
50-MgNp =may => 5o-0.3Na = Joo
ng = O
Na+ Ng -mg =0

G§M6= o~ 2 Because translational motion
=Na(0.4)4 0.4 (Ng)~50(02)-0.3Na (0-2) = ©

Np= 796N
= 306 mis® ()

o Assume no motion

th=0
50'*&’ =0
Fp=50N
El—'j-;o

Np+ Ng -20(9.81) = o

GZMG =0
-Na(oM) + 04 Ng —5o(0.2) -fplo-2)=0

NA= ?3\ N
Ng = 123.4 N

F.'"ax = }LS(N&) = Oq(73|) = 29.2N
Foax < 5F;°. = moton oceurs



6/13 The 6-kg frame AC and 4-kg uniform slender bar AB
of length [ slide with negligible friction along the
fixed horizontal rod under the action of the 80-N
force. Calculate the tension 7' in wire BC and the
x- and y-components of the force exerted on the bar
by the pin at A. The x-y plane is vertical. B the

:"’er =May - whole boalj
80 = (6+4) ay
Ay = 8"‘]/5‘2

mmz, = "f Kj

4_2’ > Because the bsdy moves
- FX = MAx

Ay + Tcosgs’ =4 (8)
*T=Fy= o
Ay - Yg +Tsin6c" =0
G=M, = mad
Ay 2l cosds + g (2 Lcosss’) = Y (8) L singo’
Ax= 1834 N -

T =272.3 N



106¥g
6/19 The uniform &bk log is supported by the two cables

and used as a battering ram. If the log is released

from rest in the position shown, calculate the initial T
. . . . . T,5inbo | T2
tension induced in each cable immediately after re- A T 56,
lease and the corresponding angular acceleration « T.‘,,‘,T
of the cables. s + > T,Co860
\-Em &m 3
/ T, / ’
/ + /
\-Em %

mysin MY
Since motion is in  curvilinear we uce pn-t  csacdinate.

(;q|uajs Lom center of mass

Zr{; = mAaeg SFh= man = YYl%'z = 0 From_(est and immediatly)
Mgcosd = ph At Ta +Tg -mgsinéo =0 @

9cosf= ot

gCosf= v X

(9-81) cog(60) = 2 &

K = 2.4525

cuvilinear 8 Lo
motion Q§ MG N Brg0\e
2’;‘;"5 ~Ta %15sin6s" + Tg (0.5) Sinbo™ = o 6)
of mass

Lrom D and @ — Ta=2I12N Tg = 637N



6/22 The block A and attached rod have a combined mass
of 60 kg and are confined to move along the 60°
guide under the action of the 800-N applied force.
The uniform horizontal rod has a mass of 20 kg and
is welded to the block at B. Friction in the guide is '\Z F:ﬁ = mao

negligible. Compute the bending moment M exerted goo- my Sin (66°) = mal
by the weld on the rod at B. 800 - (60) (1-81) Sin(60°) = 60 a
800 N az Y.84 m/s?
\ (SMg = mad
M -0-Fmg9 = 0.7 mga Sinbo°
mect . M= 0.7(484)(20)Sinbc’+ 6-7(9-8])(25)
B b Migasinéo = 196 N-m
G; b mag ]‘
1.f1_m |
o0-Fm 0.Zm

6/23 The parallelogram linkage shown moves in the verti- A4 = (oL e w?
cal plane with the uniform 8-kg bar EF attached to — 08 %6 c08%32
the plate at E by a pin which is welded both to the 2 2 v /c?
plate and to the bar. A torque (not shown) is applied = Y-8m/s =7
to link AB through its lower pin to drive the links in
a clockwise direction. When 6 reaches 60°, the links
have an angular acceleration and an angular velocity
of 6 rad/s? and 3 rad/s, respectively. For this instant
calculate the magnitudes of the force F' and torque CEME = mad ‘
M supported by the pin at E. M- 0-6Wee = 0-6cos66 May, ~ 0.65in6oman
) M= 28F#Nm cecw
Weld ?L 1200 .
. 36° 4
pln ¥ ﬁ—v 600 -‘.)F Z FX = man
= -o—"‘—'"w\.mqn”" -Fx + WSsingo® = 8% 7.2
Fx=10.4N

SFQJ: ma+¢
_ € B D __ torizontal Fy— W Co0s80°= 3% 4.8
m m orizonta F\y =77.6 N




6/25 The 25-kg bar BD is attached to the two light links
AB and CD and moves in the vertical plane. The
lower link is subjected to a clockwise torque
M = 200 N-m applied through its shaft at A. If each
link has an angular velocity v = 5 rad/s as it passes
the horizontal position, calculate the force which the
upper link exerts on the bar at D at this instant.
Also find the angular acceleration of the links at this

position.
®
WiD l/ @] c
300 ! \
mm
e
500 i
mm .
M
o @] A
B
} 600 ‘



[6/4) Fixed - Axis  Ratation

Sh-ma,=mrw>

GE M,= T, X
An S alwags in the divection L,|'ne(+iq
of the center of (station (o),

Ap is  perpendicular to as, and
in the divection of rstation.

Remember : I, = Ia, + m(l
poralie] axis +heorm J

SAMPLE PROBLEM 6/3 TT

The concrete block weighing 644 1b is elevated by the hoisting mechanism
shown, where the cables are securely wrapped around the respective drums. The
drums, which are fastened together and turn as a single unit about their mass cen- L 360 (1.81)
ter at O, have a combined weight of 322 Ib and a radius of gyration about O of 18 in.
If a constant tension P of 400 Ib is maintained by the power unit at A, determine
the vertical acceleration of the block and the resultant force on the bearing at O.

p=1.8kN

rl50(4-8')
f S Fy = 200 ay T-300¢18)) = 200 (03) — () I=m(*
L. =150k, - 150(0y5)*
GZM, = Tox T(03) = 1800(0-6) = Tox —(2  Ti= 3.4 Hy.m

T (0-3) - \800(0-6) = 30-4 X

T-= 2250 N X = 3244 TqJ/gz Ay = |.03] m/s?



problems 6/Y4

6/33 The uniform 20-kg slender bar is pivoted at O and
swings freely in the vertical plane. If the bar is re-
leased from rest in the horizontal position, calculate
the initial value of the force R exerted by the bearing
on the bar an instant after release.

O¢ m(dg)y e—X (o)
0 |
03 !rm(a‘&){;
>F - ma,
Ox =m ('/\)2
Ox = (20)(1£) (o)
k Foom vest
H3F, = mag
mg - Oy = m (Xr)
0y = (20)(48]) - (20) ( L€ ) = Oy= (20)(A81)-20( LE (01875 Qy))
Z/V'G_= I@Pﬁ 03 = Y9.05N

o foom sheet
Oy # _L2§_ = Z‘zlmLz]o(

6 = 1 Co)1¢)?
ogqf-l_zg _[E(z)(\c)]x
R=\‘Oxz+ 0y
=1 %4 (49:05)?

R = HY.05N #



6/59 The uniform semicircular bar of mass m and radius r
is hinged freely about a horizontal axis through A. If
the bar is released from rest in the position shown,
where AB is horizontal, determine the initial angu-
lar acceleration « of the bar and the expression for
the force exerted on the bar by the pin at A. (Note
carefully that the initial tangential acceleration of
the mass center is not vertical.)

+.§2MA = IA X

m5r = 2%(19(

‘/'EF')-: moay, = o
A‘n-: mgSm@
An = mg 2



6/61 The 12-kg cylinder supported by the bearing brack-
ets at A and B has a moment of inertia about the
vertical z,-axis through its mass center G equal to
0.080 kg-m?. The disk and brackets have a moment
of inertia about the vertical z-axis of rotation equal o e—d ¢
to 0.60 kg m?. If a torque M = 16 N-m is applied to l
the disk through its shaft with the disk initially at
rest, calculate the horizontal x-components of force
supported by the bearings at A and B.

A¢

-+

Z| Z|0 IZ: I\,-'-Ic_-f-mdz N
100 100 |10§1 = 06+ 0.03 +12(0.2)
Lﬁl/ﬂ;glln/" I;=l-|6 Kg.m?'
T
| A
|
| -
Ea
N
ﬁM \\x
"'.DZM;: IZ X 0+ = Y X
6= L\6 X =0.2(13.8)
X = 13.3 od/s? = 2.7 m/c*
+SFy= mag
A+B= 12(2.76)
A+B= 33.12
+52MG.'= IG‘.D(
0.1A-0.18 = 0.08 » 13.8
A-B= \l.oy
A= 2208 N

B= 1l.oY N



6/62 The 24-kg uniform slender bar AB is mounted on end
rollers of negligible mass and rotates about the fixed
point O as it fo'llows the circular pat.h. in the. Vert.1cal SS M, = I, x
plane. The bar is released from a position which gives
it an angular velocity w = 2 rad/s as it passes the
position 6 = 45°. Calculate the forces F, and Fjy ex- I, = IG" mJ.Z

erted by the guide on the rollers for this instant. 1, n‘nQLQ m fo. ¢2_o0.3* )1

2_%\(20_-512 o2ufo.e™ 0.3

L

"

7.2 hg.m>

dmgcosys=Tox

(Jo.6%-0.32)2Y(2.81) cos 4s° = 7.2 X

X=12.0(5 rad /s?

500 * Qn = rWﬂ
- 2
B = Cos‘é-‘;)-_—&f =d w
=(,‘ 06> 0.32 )(2%)
=2.078 Yad./s?
VZF,\ = MOQay
fasing + Fg SinP - Mgsin Y5 = ma, Qg =

X
(I 0.6% 0.3% ) (12.015)

= 424 Yod /¢*

(Fa+Fg ) sinée® - (24)(9-31)sin 5 = (24)(2.078)
\+'§Ft= m oLt
FaCosB - Fg cosB + mg cos U5’ = mat

(Fa-Fg) cos(60°) + (24)(18D) Cos(ys) = (24)(6.24)

Fa- Fe = -33.4Y4

Fo= (4162 N



EéE worK and energy

Tt Uy =T2 Kinetic energy (v)= Jimvﬂ,lil w?

‘slf m V,2+JZ-IW1+ Wpg = %MVQZ-{. ZL Tw) Qo't'eanql eneryy = Ve + Vqy

Uiy = _Fo( tM-E0 4+ AVg+ AVe To+ Ve, + Vg +Uynp = To o Vea + Vgy
cons it

powe( = FV+My

SAMPLE PROBLEM 6/9

The wheel rolls up the incline on its hubs without slipping and is pulled by
the 100-N force applied to the cord wrapped around its outer rim. If the wheel
starts from rest, compute its angular velocity w after its center has moved a dis-
tance of 3 m up the incline. The wheel has a mass of 40 kg with center of mass at
O and has a centroidal radius of gyration of 150 mm. Determine the power input
from the 100-N force at the end of the 3-m motion interval.

—rl + ul-n. = -rl
0o + U~|..;_ = -‘2—MV9-+ A I,w"

(-mg sinie®) (3) ( i%%(mo)(?)) = _\a—m(o-lw)z-l— Jz—(m kZ) w?

W= 20.2 vad /¢

=Q00) (0.3) (30-3) =908 W



ploblems 6/6

6/113 The Yelf)city of the 8-.kg‘ cylinder is 0.3 m/s aF a 'T'l + Uss = 'D
certain instant. What is its speed v after dropping
an additional 1.5 m? The mass of the grooved 2 2
drum is 12 kg, its centroidal radius of gyration is Ti= —‘i- (8) (0'3} + -g—I W,
k = 210 mm, and the radius of its groove is r;, = — )

§0NO rim The frictional moment at O is a constant Lo Sonslaion Peom
movement votaliona
movement.
D /_{m=12kg
= k = 210 mm 2 ,
\\\ I- mko = 12(0.21) = 0.53 Kj,ml
Q } r; =200 mm V= v w = w = _‘Q = 923 -15vad/s
// (i 0-2
r, =300 mm L= L(8)(03)" + L (053)(1:5)"= 09557
8 kg
To= L(8) Vo4 y Vo W = Vi
2= 5 @)va+ L (053 — 2= Yo,

= 804.8)05)[ 3(%)

Prictional Moment.

—_—

a VZ = 3.0l mA
L5




6/114 The log is suspended by the two parallel 5-m cables
and used as a battering ram. At what angle 6 should T+ W = T2
the log be released from rest in order to strike the

object to be smashed with a velocity of 4 m/s? 2

o+m3h=_'9:mv

thy (5-5cosh) = v?

A
z

yh
(281 (5-5¢o56) = L (u™)

0= 33.2°

6/120 The 1.2-kg uniform slender bar rotates freely about
a horizontal axis through O. The system is released
from rest when it is in the horizontal position # = 0
where the spring is unstretched. If the bar is ob-
served to momentarily stop in the position 6§ = 50°,
determine the spring constant k. For your com-
puted value of &k, what is the angular velocity of the
bar when 6 = 25°?7

B

0.6 m

/6
S

0.6 m A

1.2 kg
02m



Vibration

vib Yation

!
Free vibfation
A
Dam peci undam pa:!
I )
J/ l SPfing-mass
Underdamped. overdamped

eritically damped

[ Undamped. Free vibiation.

£
K T
N
I~ T,
¢+EF= mg
mg_Fs = mg

mg - K(Y+ Ss4) = my

PRy - K = m
my + ky =0
§+.§;9 =0

The Coe—p-f-’-'cien'(' o'p X Cor 3)
T3 Wnl_, Notuval —e\feguewcg.

N\ y Cad- /s

‘pn = (A/n — CSC’QS /S
2N

!

Fovced Vibration
|
! l

Damped undam ped

Jyw
M

Ssv o Static defliction

K st
O { SF=0 (static)
T mg - K st =0
™9
K(Y+5g)
) f SF=my
T mg = K(Y+ §s4) = my
)



K) KZ

Tk.y Tkgﬂ —k.ﬂ—h’zﬂ: mg
mg+k.3+K29=o
m m 19 + (K, + K2) Yy=o
T m
alwags musT w”’ K-;’kz
be 1.

SAMPLE PROBLEM 8/1

A body weighing 25 Ib is suspended from a spring of constant 2 = 160 Ib/ft.
At time ¢ = 0, it has a downward velocity of ##ex as it passes through the posi-
tion of static equilibrium. Determine 0.5 m/s 9(0) =05 m /5-(_/ { imtial
(a) the static spring deflection & t, =05 conditions
(b) the natural frequency of the system in both rad/sec (w,) and k = 25K N/m
cycles/sec (f,)
(c¢) the system period 7
)
(d) the displacement ¥ as a function of time, where 2 is measured from the

position of static equilibrium S Ylo) =0

(e) the maximum velocity v,,,, attained by the mass

(f) the maximum acceleration a,,,, attained by the mass.

W: IOKS
a) Ss¢ 7 mg = K& > S =ma - ._9_(._81).|2.;‘-”°3 = 39mm
b) wh & 87 w:]f_;uﬁ =j,z_.%_u_>i= 15.8 vod /5
fo= i - 252 cycles/s
2x
C)-E? -C=_I_=_I_. = 0.4Y5s
) 2.52

d) Y = Csinuwnt + ¥)

Ylo) = Csin(P) = O = sin(¥)=o0 $=0 of ® CsnlY)=o
- @ cwycos(Y) =05
Y= CwpCoS{wWpt+¥) = Ylb)= Cwy,coslo) = 05
c(l5.8)=0.5 S Ltm¥=o

Y(€) = 0,031 Sin (15.8¢) s Y=o

) V= 9= 0.03l6x 158 cos(15.8% +6)
Umax = 0.03l6 # 158 = 057 m/s

-f—’) a = 3: -0.03l6% wnzs;n(w,,t) = —Z4am/st



_~wust  be adians

Undamped Free

Vibration System x=0Csin(w. t + &)
Response ! |

Underdamped Free e i _
Vibration System x = Ce “ sin (wgt + )
Response

Critically damped Free —
Vibration System X = (Al : 2 Agt )~ “at
Response

—_— Aot
Overdamped Free x = AeM! + Agets

Vibration System | - o I
Response A =w(={+ J&—-1) Ag = @,(—¢ — J2 -1)

Undamped Forced
Vibration System b :
Steady-State 1 — (ww, )2
Amplitude

Underdamped Forced p OB Fylk
Vibration System {1 — (0/w,)?? + [2lw/w,]2}2
Steady-State
Amplitude

d = tan!

| zgw»"'wn

1 = = (w‘."wn ’2

Underdamped Forced

Vibration System x = Ce ' sin (wyt + ) + X sin (wt — ¢)
Response




Dampeo( free vibation,

D o< <l — underdamped
J=1 — cxitically damped

j=t — oVe(&amPPcL
K — X(¢) -
4 Kx =Fs e—o
—N— N
1 A bk =F e—oJ "
—1—

b IR

(1)

4S5 F = miX 3<'+2]w,.)2+ wlx= 0
-bXx -nX = mX
_E"'%.X + .b"_,)‘(+.'r'\‘-.x= 0 j: olam(ing (atio
. . ) o
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SAMPLE PROBLEM 8/2

The 8-kg body is moved 0.2 m to the right of the equilibrium position and
released from rest at time ¢ = 0. Determine its displacement at time ¢ = 2 s. The
viscous damping coefficient ¢ is 20 N s/m, and the spring stiffness % is 32 N/m.

C
M
-
X(o) = 02 m X(O): o b

;(-[—%)'(1—%_)(:‘0 wn2="{ = Wp=2red/s

2Jwp =25 3 J=o0.625

X+ 20 x4 32 -0
3 b’}

X+ 25X+ 4X =0 Wy = 2‘

Jwat
X&) = Ae  Sin(wit + V)

x(o) = Asin(¥) = 0.2

SJwat

X(t) = Aéw"t cwycos(wit+ W) - AJWpe  sinfwdt+ ¥)
X(6) =

Awg cos(¥) - Alw,sin(V) =o

A(1-561)cos(Y) = |25 Asin(¥)

@  Acos(¥)= 125(02) = 0.1
56|

%_, (P=5|.gc/°+_§7; = 089% d = Az 0256

Pom (D5

&/

||-(osz§)

-1.2
v~ X(¥)=0.256€ Sm(l 561t +0846) 5 X(2) = ). YPpmm

= |54l




problems 8/2

8/2 Determine the natural frequency of the spring-mass

system in both rad/sec and cycles/sec (Hz). A z Fx = m )(
| KX = mx
| * mxX +KX =06
k = 24 1b/in. X+ Xx=o0
m
2Y b 12 in
Wy = L = —Lfyl)_—) ( Ft ) = I2{'ao(/5
m M1
Problem 8/2 32.2 2¢/5
8/3 For the system of Prob. 8/2, determine the displace- _Qn = W - 12 - {2 <5C|eg /g (Hz)
ment x of the mass as a function of time if the mass is 2K 2x
released from rest at time ¢ = 0 from a position 2 in.
to the right of the equilibrium position.
8/4 For the system of Prob. 8/2, determine the displ X .= CSin(Wnt+ #)
or the system of Prob. 8/2, determine the displace- v
ment x of the mass as a function of time if the mass is X = Cwpn Cos (Wnt+ LV)
released at time ¢ = 0 from a position 2 in. to the left
of the equilibrium position with an initial velocity of 7 = C S,‘ n( Lp) 0]
7 in./sec to the right. Determine the amplitude C of 5
the motion. o0 = C(('Z) COS( (‘D) O

@ o=12 1
_®_=) 2 tan( V)



8/5 For the spring-mass system shown, determine the
static defection &, the system period 7, and the maxi-
mum velocity v,,,, which result if the cylinder is dis-
placed 0.1 m downward from its equilibrium position
and released.
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Y= CSin(Wnt +¥)
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6= C(6)Cos(6Co)+Y¥) = 6ccos(W¥)=0 = Y¥=190" = __szaA

Yz 0.1(8) cos(6 () +X)

o Bm“ - 0.6 m/s

8/8 If the 100-kg mass has a downward velocity of 0.5 m/s Y=CSin ( wnt + (|))
as it passes through its equilibrium position, calculate 1. cw W
the magnitude a,,, of its maximum acceleration. E.j B n Cf S,( nt+ (P>
Each of the two springs has a stiffness £ = 180 kN/m. Y=-—Cwy SIN(Wnt+ l.p)
-2kYy=my
k k y+ 2K y=0
Wpe /208%10) - 4o Cad/s
\oo
100 kg
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!(Aqu,= 8-33)“0-3 (60)2 = ZOM/SZ



8/9 Calculate the natural frequency f, of vertical oscilla-
tion of the spring-loaded cylinder when it is set into T
motion. Both springs are in tension at all times.
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8/13 Replace the springs in each of the two cases shown
by a single spring of stiffness 2 (equivalent spring
stiffness) which will cause each mass to vibrate with SFh - mi
its original frequency. J=my .
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ae the sume buf the displacement is different-



8/21 Calculate the frequency f, of vertical oscillation of
the 50-1b block when it is set in motion. Each spring
has a stiffness of 6 lb/in. Neglect the mass of the
pulleys.
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8/23 Calculate the natural circular frequency w, of the

system shown in the figure. The mass and friction of N
the pulleys are negligible. e 10eF X KA
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8/24 Derive the differential equation of motion for the
system shown in terms of the variable x;. The mass X

of the linkage is negligible. State the natural fre- /

quency w,’ in rad/s for the case k; = ky = k and
m, = my = m. Assume small oscillations throughout.
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8/25 Determine the value of the damping ratio { for the

simple spring-mass-dashpot system shown. z FX - mx
| —KX-CX=mX
c=421\is/m :ﬁ‘x j('+%j(+v£n\x=o
I_ 2 kg
—WWWW—
k=392N/m T -

+ 2 -4

5: 0.75| <I
= underdamped




8/29 Determine the value of the viscous damping coeffi-
cient ¢ for which the system shown is critically
damped.

8/34 Determine the values of the viscous damping coeffi-
cient ¢ for which the system has a damping ratio of
(a) 0.5 and (b) 1.5.
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8/38 The mass of the system shown is released from rest at
xXo = 6 in. when ¢ = 0. Determine the displacement x at
t = 0.5 secif (@) c = 12 lb-sec/ft and (b) c = 18 Ib-sec/ft.
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8/41 Determine the damping ratio £ of the system depicted
in the figure. The mass and friction of the pulleys are
negligible, and the cable remains taut at all times.
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8/43 Develop the equation of motion in terms of the vari-
able x for the system shown. Determine an expres-
sion for the damping ratio { in terms of the given
system properties. Neglect the mass of the crank AB
and assume small oscillations about the equilibrium
position shown.
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