
























































































































































































































































Lecture 27 3-D Kinetics: EOMS

Concept questions

1. The translational motion of a rigid body in x-axis is governed by only the sum of external
forces in x-axis. (true or false)

2. The rotational motion of a rigid body in x-axis is governed by only the sum of external
moments in x-axis. (true or false)

3. If the x-y-z rotating axes are attached to the rigid body under consideration, then the
angular acceleration of the body observed from the ground is equal to that observed from
the rotating x-y-z axes. (true or false)



Example The 30-1b square plate shown is mounted on a shaft of negligible mass, at an angle of
30° to what is currently the vertical. With respect to the xyz coordinate axes shown, the plate has

inertia about its center of mass properties a/,, = 0.0340 slug-ft*, I, =—0.0084 slug-ft*, 1, =0.

In the configuration shown, the shaft has angular velocity @ = 6 rad/s and is subject to a driving
couple M =10i Ib-ft . Find the angular acceleration of the shaft and the y- and z- components of
the reaction at B at the instant.




Lecture 24: Inertia Properties & Momentum & Impulse

Concept questions
1. A moment of inertia is always nonnegative. (T or F)

2. A product of inertia is
A)>0 B) <0 C)=0 D) >0, <0, 0r=0

3. A product of inertia about a principal axis is equal to zero. (T or F)

4. The angular momentum of a rigid body undergoing 3-D general motion about x axis is equal to
I .o . (TorF)

5. If the sum of external moments about the center of mass in one axis is zero, then the angular
momentum about the center of mass in that axis is conserved. (T or F)

Yy

6. The angular momentum about the center of mass G is z
A) 1,0 B) Lo C) (U, +1)w D) None “#
of the above

T025m p
X, x T
(aj

Example 1 Determine the moment of inertia of both the 1.5-kg rod and 4-kg disk about z axis.

Solution N
Since the body is symmetric to the x-z and y-z planes, o .
1 v = I e = 1 o = 0. / 00 mm /
1 1 " - 100 mm
I.=1,= [Z (4)(0.1)* + 4(0.3)2] +§(1 5)(0.3)* =0.415 kg-m”
I.= %(4)(0. 1)’ +0=0.02 kg-m’
Y

6 =tan™ (@) =18.43°

300 .
Hx :9O°+18.430 :-'108,430, 9)7 :900’ 02 =18.43° X
u_ =cosf, =cos108.43° =0.9487 300 mm 100 mm

)

u, =cos 6, =c0s90" =0
u, =cosd, =cos108.43° =-0.3162 z
Io=Tal+1 b+ ul =21 uu, =21 uu, —21 uu =0.0595 kg -m’

xx wy xy Tty




Example 2 The assembly shown has total mass 4.6
slug and inertia properties I, =1 =3.6slug-ft’,
I, =18slug-ft*, I =-12slug-ft*, [ =1_=0.1Itis
hanging at rest when it is struck at £ with an impulse
FAt ={-4j-3k} Ib-sec. Find the x, y, z components of
its angular velocity @ and of the velocity v, of its
center of mass, immediately after impact.




Lecture 26 3-D Kinetics: Work & Energy

Example 1 The 5 kg, thin, homogeneous disk has a diameter of 200 mm and rotates freely on the
300 mm long axis OG. As the disk rolls without slipping on the inclined surface, the axle rotates
freely about point O. If the system is released from rest in the position shown (with the disk at its

highest position on the inclined surface), determine the angular velocity of the disk @, when the
disk is at its lowest position along the inclined surface. The mass of the bar OG is negligible.

- I (J3 + D _/Lo)(
/}1; L 1‘0)( U‘jx L 0\1 M
Toy =
; oy 2.57 = f‘; oW L
e Lo b flus) Byt
W Wy l/L’\"\/ W (j)’-l - 4
= (LJ¥ 3
Y
(O]
Wx = 0,57 red /g

Wy 5 336 rm&js

A
W= ST s |

L -
R T [
Smr _Lfs)( )

s T, pd
T T T

Gy

z
sgwt L s(3)

~ 7,558

()



Lecture 23: General Motion - Two Points on Different Bodies cﬂff’*\?ﬁ »

}

A motor and attached rob 4B have the angular motion as shown. A collar C on the rod is located 0.25 m
from A and is moving downward along the rod with a velocity of 3 m/s and an acceleration of 2 m/s’,

Determine the velocity and acceleration of C at this instant.

Motion of each body
Absolute motion Relative motion
Motor (okdion e
Rod 4B G e, (ah rotation
Collar C
gownerak CgMﬁ

VA*‘{J\)XP QAJ O(P Ylp!\/é *wp X\/A

OKHVQL,\A fu{’a“i’\g X -z o
F‘O\’?%(M
jl . (:)F’ - Sk I;); = Zk

2

| wobioe ofA Uz Skx 20 0y s

L~

-

b Skx M0y £ - J,', ,L; ; wifgz‘/ )

Ap - thx 2

C Motiom of ¢ %VA’ Gun

. s .2 - 3 (Ak 1y "Z_{’L?’}{ 'J\,\f
Wu@m .U, + 02 U, )

-

(4 gyt = ((-ra”)ue + (ro 1266)us

s + [arw r260](5)

el i
Lo L

3) Mot o of <

{2 10 +(5k X - 2%k) %(‘75;) 41)

i

i SV T

COes 7S vy s )

bt e

@, = 5 rad/s

/
ay, =1 rad/s?

el
@y =3radis |
o 122
yy= 1 radis? 5



Lecture 23: 3-D Kinematics: General Motion - Two Points on the Same Body

Example The collar at 4 has an acceleration of
={-2k} m/s’ and velocity of v, ={-3 k} m/s

at the instant.

Type 1: Determine the magnitude of the velocity

and acceleration of the collar at B, and the angular

velocity and angular acceleration of rod AB.

Type 2: Determine the magnitude of the velocity of

the collar at B.

N -
\/B 17 &Q:
/ S e ,"”/
é/(s*‘fa)‘mifg =0 '
Vg, —-(SK +2J+Ok , R
[ —— :> f".évgb r‘,ggg) + 3‘/\ ° [O' +7 k=
{l,s 472 - . ] E J J
=0 sV(2) + GBX) 0 &J 1375—M/5 u;%
FO E« ¥M C{
QB‘O‘A = ‘.CQBL + 8(:‘\13} *1k {a x
oM féfﬁ
VQ*VA = (’Lflfi +}53 L'Sk} =3 RV&«'\(AH = 3.6%7

[16&85 *“ts} flkj‘[zg Q\:] :w( 3,37’37)2



Lecture 22: 3-D Kinematics (2)

Example

The disk B is free to rotate on the shaft S. If the
shaft is turning about z axis at o, =2 rad/s, while

increasing at 8 rad/s*, determine the velocity and
acceleration of point 4 at the instant shown.

\J/a Qﬁg 7
o -
/ wy = {j}l J((})Z*
AT S 20, <UD = §rals
. I R 1(9) =16 N‘A/i"l
W, = (Pl 7 Lw

B

A
T 8 radvs?
.l

R
oty 2 radfs

x
400 mm £
<

-

éi)() mim .

S

400 mm

1

\/ 1{/‘*)%(3 = ) i °‘~‘:{ «%i “1§i‘\ SRS

i
Y CN{,@; N ;o ‘f ‘\ h
SOUNES (RN IR fw;{qﬂ
1 o g
Ok L °
¥ = - O _ -
s L O R A L O



Lecture 21: 3-D Kinematics

Concept questions
1. If arigid body rotates about a fixed point,.any position of the body is obtainable by a single rotation
about some axis through the fixed point.((T or F)

If a rigid body rotates about a fixed point, the direction of its angular velocity is the same as that of

its angular acceleration. (T o

3. The angular velocity of the disk is
a. ok
P
b. @j 0. -
9 Hsk = (o
e ai+ok|

d. None of the above

s Jovwn b
Yl the 3PPT g
von Pho SO
are gm*‘)i’q m
4. If o, and o, are constant, then the angular acceleration of l 2 Tesh é)(‘a)iﬁ”wé’

the disk is zero. (T q@

5. If the angular acceleration of the disk is not zero, how do
you calculate it?

o ¥
w ~—
p - ek
e JEN PEN N
{/\)% ::' K('JS}FD( '7’ {Ij? )((/\)5
- Wsj +(Up;)x<(,«)37> - UPL))' {»t,,t)sf
N A
A= - WoWa@ 4 0]+ Wk
}K 7\ 3 u)guw€

| " Far
Hese Tums ¢ zer 1O



Example

The ladder of the fire truck rotates around the z axis with
an angular velocity of @, =0.15 rad/s, which is increasing

at 0.2 rad/s>. At the same instant it is rotating upwards at
@, =0.6 rad/s while increasing at 0.4 rad/s’. Determine

the vecoloty and acceleration of point 4 located at the top

of the ladder at this instant.

W= 15 cad
b:)\‘:. L f“‘ow&/gt

b, = 0Dt = ‘(Po«zﬁi’/ﬁa

F(M \jéj a&
Y
(;3 = ;3‘ Py
S Lo1-Ch s
Pz w0 (s30) ksin’l)

S Suen; vk

o= "3’{»;3?\ = Ak %’C\k)la

do NOT B ‘ Lo
omid s = Wy (D)t + (g,i)i % MQ
ey uthion = M0 v %k k6 =

wh N ~
G’K(‘A *QX\/A

ﬁﬁ’*

A
2(4i b0V 4 Y X (U0 v eky 4 C\?k)&.éf)x(,sfﬁf‘”li r 0.05L)

Z =333 - 2| 3

B, = ek = Aeds

t6.66 Lk

dFk/o

Vyz Wiy = (1% +.01) x (3U.645 + k)
= sl 1ty st Fis
-, = bt
095 TNk Fwi/gg

)2

s g)v\@,’&w}’ =7 p\)(\% (‘0\1’&%%@“
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Lecture 20: Eccentric Impact
Concept questions
1. In addition to using the principle of momentum and impulse, we can also use the principle of
work and energy to solve impact problems. (true or @
(VBG )2 - (VAG )2

2. For eccentric impact, e= . (true o false
(VAG)1 - (VBG);( | Q

3. The coefficient of restitution is

@ B) <0 C) =0 D) >0 or <0

Example 1 A 1.5 kg uniform rod 800 mm long is at rest on a frictionless horizontal surface when

it is struck by a 0.5 kg disk as shown. The rod is pi at point 4. If the disk strikes the rod 200
mm from the end and the coefficient of restitution i 0.4,|determine the velocity of the disk and

the velocity of the mass center of the rod after the collisic?

’G/ui ("{i)z ' ((ﬂ) (‘)L

e
Ho= Tg W + i, 4
=u) = (= N

dedx\‘d +0 = i"’\és(\fcﬁx)zﬂi + Tallde),

6 (1) (5530° (06) - ,Q{VKA{}L(Q,Q) ¢ %’(I,?)(_g)l W, (’)

. o, e ).

04 ~ — o
(‘\;dm ) &\jf%\\ 1o
(\/o\x),_ = 108mls (\fi‘;’)L - N‘;“f\‘ = Jzsia30 = “)v«)s

@52: £73 rad /g



Example 2 (19-52) The pendulum consists of a 10-1b solid ball and
4-1b rod. If it is released from rest when 6, = 0°, determine the
angle 6, after the ball strikes the wall, rebounds, and the pendulum
swings up to the point of momentary rest. Take e = 0.6.

0,

' { 2. I i IA -
baly - % e 5 (3) + {{2.1(2.’3) ).8
\> PGS § +<,;: s
5, eV, = TV 7~ 7
; he
bro = LTWZ —uch ~Ophy |
' T . I'\b o
= T Os19)w, -4f) ~ (23 l
We = SHYTS red/s oy fore fmpuch Y

) (= Baty, o swed T s i

¢ = ,,LY_") 2 -9 Y VAR
o - \V), «n-5? B
VP> ’ 7518
(J‘)L' = KM»F.%.,.. — ‘;E = 32685 CML/;
K¢
) tos 2 403
TZJY\/L = &r} i»vs

L’f {,)} *U\QL\XO ’“"‘/l“b*w = © M\')'@L\b? - \/er\%
L

(3117 a0 -l 2.3 -4() = O- (23540 — §l)sin8

&= 393"



Lecture 19: Impulse and Momentum

Concept questions

1.

2.

3.

4.

The angular momentum of a rotating rigid-body about its center of mass G is
A) mv, B)ly, C  mo M

If a rigid body rotates about a fixed axis passing through its center of mass, the body’s linear

B

v J

If a force does no work, it does not need to be shown in the impulse and momentum equation. (T or

momentum is = ——— - — e
M B) zerol{C) mvc] D) .o

JM\

Two identical disks are placed on a smooth table. They are
subjected to an external force F. At any moment after they
start to move from rest, their linear momenta satisfy

A) L,>L, BYL,<L,\C)L,=L,) D) L,=L,=0

a .
L= mvV
For the above question, the angular momenta about the centers of mass satisty
A) H,>H, WHB) C)H,=H, D) H,=H,=0
HQ =0 t g > 0
A
- T
!4(‘7(0) > = {:{O) UZJ




Example 1 A sphere and cylinder are released from rest
on the ramp at =0. If each has a mass m and a radius r,

determine their angular velocities at time ¢. Assume no
slipping occurs.

\/:?@«tl

M V,,) ¢ 2 S PF db - (Vo
@LMgm‘/\aJ( ~Ft = mV ()
M) + 300ttt = (Bola

!
. Ert -T.w (D
+

\J - (’5)

Tg Mt

i
I(, eyl = v’

I(, Spiwe = ;MF

Example 2 (19-30) The square plate has a mass m and is suspended at its corner 4
by a cord. If it receives a horizontal impact at corner B, determine the location of y
of the point P about which the plate appears to rotate during the impact.

F"M éa(ﬂ%)’{}m ()‘Q ’IC
ml), + 2 St Far = (Ve

o+l = mVey) = Y <'>

We), + NSIPEAE (%1 v (7)
- M 7,7 z
o + Tasnd¢ = Lew™ T-Z.(“ re)w

\/: Y/M (,i) = Gr/\f‘l A Ve

v
ﬂdé}@{;ﬂﬁ \/(, 0@ Ty tz)) e a

o



Lecture 18: Work & Energy
Concept questions

1. When calculating work done by forces, the work of an internal force does not have to be considered
because
A) internal forces do not exist.
CBY the forces act in equal but opposite collinear pairs.
C) the body is at rest initially.
D) the body can deform.

2. Kinetic energy due to rotation is defined as

1 1 1
C) %[Ga)z | D) I’

3. The kinetic energy of a rigid body with general motion is %mvi +%I ,@°, where 4 is an arbitrary

point on the body. (true onfals

MU St USE Conter ‘FJF (}QM@(’@\ M‘G%g“m\

4. Two disks are interconnected with an inextensible cable without mass. Their angular velocities are
o, and @, respectively. The kinetic energy of the system is

YT 2 I(yo‘iSVZ,{/M{’Z‘
A) T—E(EmR )m, +§m(Ra)2) y Rotaking
/ X
= 5 L,w
B) 7=1[lmr?lo?+1 lmszwzz =1t
2(2 202
)] T=l —l—mR2 a)[2+lm(Rco2)2+l lmRz)a)22
202 2 202
A
] D)y r=1Lup a)12+—1—m(Ra),+Ra)2)2+l Lor? o, Genemnd
212 2 2\ 2 poH 2
T= Lol kg LWy
TS R
5. Thc}gl_a,siig]gg;tential ener{gy is deﬁned1 as Voo = Va ¥ Varyy = G 4 Wt
N ~2-ks2§ B) ——2—ks2 C) -2—kv2 D) None of the above.
&

6. The location of the datum for the gravitational potential energy does not affect the result of using
conservation of energy. |(ture ‘or false)

7. A disk rolls down on a smooth plane without slipping, and a block also moves down on the same
plane. Are their mass centers’ velocities same after the mass centers descend a vertial distance 4?

~no  blovk s fastur m ”
T}
T4V, = TytVe 2,
Disc ,6;»«3\: }LM\JL + lzj:(,&)
{ S
Rlpaa  @tign = 2%




Example 1 (18-23) The 20-kg disk is originally at rest, and the
spring holds it in equilibrium. A couple moment of = 150 N/
M =30N-m is then applied to the disk as shown. Determine
how far the center of mass of the disk travels down along the
incline, measured from the equilibrium position, before it stops.
The disk rolls without slipping.

M=30N-m

Gevwroh wotigw (/‘\%\%\
Y .\, ‘
_ , N )
F ng = AN
| &J‘% ﬁt -~ ”‘».% &
Sum v s ol %
TM, = 0 +Y 6\
A
mﬁ(o.z) Swo - Fe (0-2) =0 ‘A\( Fe
F
F5 = e N
- S
S = )ii :%ﬁ - O.QS%M S'l - ;»Q\ //7
] [Z_ \SO. ~ i\}
<
(=]
% n 2 U, = )‘{
b{% = MyaYe Lo(9.61) S Sw30 T8l s
kA
S - s
ug"; = M (e,-9 ) - 02 [S0s
2 ~ o2
]AsOM St )U( - f‘Lk(S:“‘giz) (\6”0) [(3+ (965‘“0 - 0 6sM - 951+ 1S
cﬁ\%
Ui, =0

-
5= zov
L ,_



Example 2 (18-28) The system consists of a 20-1b disk 4, a 4-1b
slender rod BC, and a 1-b smooth collar C. If the disk rolls
without slipping, determine the velocity of the collar at the
instant the rod become horizontal, i.e. = 0°. The system is

released from rest when 6= 45°
€]

% v 2N, = T, f-;/{

Gsas) 4 (1S

- (.36 26 M o
V

) 5 ' I -

$T, - L= \][_AL + %MQ\I& + 1I(,u)@ {_/@/@w‘/
o - \d//'\\_//_‘,,,,/—wvw,ww//

ok

Tvduate weotion pt B is Lc¢

Wc‘ 12.25 Q/g \Lﬁj

i

|




Lecture 17: General Plane Motion

Concept questions
1. The sum of the moments of external-forces and couples taken about an arbitrary poin@on a
rigid body is equal to 7 o . (true or =

2. Select the equation that best represents the “no-slip” assumption for a disk rolling on ground.
A)  F,=u4N B) F=uN
(@) ag=ra D) None of the above

3. A slender 100 kg beam is suspended by a cable. The moment equation about point A is
A)  3(10)=1/12(100)(4%) «

B 3(10) = 1/3(100)(4%) &
@ 3(10) = 1/12(100)(42) @+ (100 agy)(2) LL Lol L)
D)  3(10) = 1/12(100)(4%) e - (100 ag,)(2) X
Hint: 1, =L P and I, _Lp 'y A
12 3 o)
3m |
1] e¢ 4m
T TT Do
Jim
10N{
/7 Q’
\ 4
1

bﬂ%vw wonts  me to aberviad 1a ?}?@kq{



Example 1
The spool has a mass of 100 kg and a radius of gyration
k, =0.3m. If the coefficients of static and kinetic friction

at 4 are pu =02 and g, =0.15, respectively, determine the
angular acceleration of the spool if P=600 N.

of = ?

D GEIIML Ao ”Silg'i)p\"f‘g
=7z n0e)y PLF 2 mag
GIFF 2 102 (0

Fy ¢ W | o
M= Lo £ 2 p Y o-F = TeX 600 (1) - F (04) = o0 (%) (
Z

/45 _a3m L oz ombky
A= R o
o= oxed (M) o= I5C rabf<

&: é.Zlfw)SZ

Ko dg1.0N

-2y .O‘J

Cb\w“* Qgg.dw.fgjﬁ’a\f\

Fras = P5N
- o2 (as)= 1Mk N



Example 2
The slender bar of mas@slides on the
smooth floor and wall.“DPetermine g : 4
angular acceleration as a function of @
when it is released and allowed to slide
downward.

1) Draw free body diagram

2) Draw kinetic diagram J
3) Apply EOM J

(D ZF=mlag),: Ny- oy,

A D
B
(1) ZF, =m(ag),: Ng -ny - Gy Free Body Diagram Kinetic Diagram
4 »
L Lt
L 758 o™
M,=1.a: ’Ngzwaé ¢ Ng ¢
4) Kinematics
Use A asase pl-
N A — - i -
Je xR =0y v W le - O Con
N o ’L ')]
> > > Lisinet ~058)
(Q&)x *(06)1 = &A‘/ {_(a(kBy\ }Vﬁ(SsA@\ o
L% K
= L{‘( WD (GQA ! fj‘%‘\"ajj

oy
I [ﬁ%)x E‘T wig

&{ﬁ g v KK Fa;@
LAC’)X f(ﬁ@)w - 0\6\\ "L(D()’L)K):Awégé + SXA‘Q}‘S

—
= fha K )i < g

A
I




Lecture 16: Moment of Inertia, Translation, & Rotation

Concept questions

1. Moment of inertia is a measure of the resistance of a body to
translational motion. B) deformation.
angular acceleration. D) impulsive motion.

2. Moment of inertia is always
A) a negative quantity.
a positive quantity.
C) an integer value.
D) zero about an axis perpendicular to the plane of motion.

3. The moment of inertia of any body about its center of mass is always
A)  maximum. (B)  minimum.
9)) Zero. D)  None of the above.

4. The rotational EOM about the mass center of a rigid body indicates that the sum of moments

due to the external loads equals .
@A) Iga B) mag C) Ica + mag D)  None of the above.

5. The sum of moments acting at an arbitrary point on a rigid body is directly proportional to
the angular acceleration of the body. (true 03

6. If a rigid bar of length L is released from rest in the horizontal Rposition as shown, the

B agnitud&g\f its angular acceleration at the moment is A
Cﬂ%}) 3geL) ) B)3gL O)12¢L D)0 3),/
) )

NMFA’W

Emg . Lo




Example 1 The object in the figure consists of a slender 3-kg bar welded to a thin, circular 2-kg
disk. Determine the moment of inertia of the object about the axis L through its center of mass.

PR 3 (.9 f’L(O@)
=7 - \"" - SUNE ‘gwx
jcj o Res T ! M?&—_
; 2 Ca
\igw)é’ = ["2‘ - [_7' - ‘L%(gs(:%@jl + ?(.7? - g.210 \!ég oy

< ‘ :g 1 o 4 7 ? ,i
Gée g 4 2 ! Fﬁé‘\ ¥ Jg"} Z ( } - A Z (\p \4(1-.\’1
~ ” e -+ 2 z é . -

. T
Te= U +.22 =  Y4Fokg.~

Example 2 The crate has a mass of 50kg and rests on the cart
having an inclined surface. Determine the maximum acceleration
that will not cause the crate to slide or tip over. The coefficient
of static friction between the crate and the cart is 0.5.

'\’1\05)\;3 Q-»:&,!{’ X;,’}'\P\
5'\&7\3 F oz MS E\}
0.5 Suve S‘t(r}\:!‘g% /

i e Sty D WS
ey s m{Gey) = V- W«{iﬁmﬁ

A > L
Fooolasl) s s S0assid

‘ ! &, \‘,))”
. , . P v g ln
q\;;', - ¥ 'XJ'}‘}/E - N Ed WCJ& [V \5 -

N-ge e L a5
(.5) +Wx =0 (3) F MmN

+

-¥
M[S

M;‘-M?(‘ghi 4=2.01

L (‘*)

yz 5w & O~3} dd:)gé no +f()
ho Cotution



Lecture 14: Relative Acceleration

Concept questions

1. After the IC has been found at 4, the-acceleration of point B on a rigid body can be calculated
by a,=a,+a,  =a,,. (trueo {ﬂse)

2. If the acceleration of point 4 is equal to that of pqint-5;
then their velocities are also equal to each other.\(true

or false)

+(‘mvv5 lMJr\"OV\(N\

3. If the acceleration of point 4 is equal to that of point B, then the acceleration of any point on
the rigid body is the same.@e r false)

4, If a ball rolls without slipping, select the
tangential and normal components of the relative
acceleration of point 4 with respect to G.

A arit+drj ari+ arj
C) o'ri- arj D) Zero.

5. What are the tangential and normal components
of the relative acceleration of point B with

respect to G.
&l -ri-arj B) -ari+ o’rj

C) dri-arj D) Zero. 4) &Algjv Vo = O G = o

S
: O (s, W' Cuje

, N — .3
) eh) w0t (=0) T XA AW




ervlé

C
Given: wag = 12 rad/s, aag = 100
rad/s”
Find: UBC, 0CD
350 ——
mm
200
mm
®
Found: (’{)BC: 533 rmd J
= 4§T el fg L "
Wep el %——300 mm —+—350 xnmmww«lé
-~ - 1 Y
/%6' i@ = 9(0(3 }(P&}A o (ﬂ> N;r{si?\
(oo eyl 23) ~Qqq\m (-2))
(Be=-200 -2527 mls™
- J o
- > a >
e ‘*@L&c r‘/g

Be: = Bgt K xf

b

159

T
< .
y , of 1 3 N - [6.33) (3+
- U ,2?,&3 \L( !bc,k)K( ¥ j\ ( >

+ {~32.060 + 0.3%gc) ]

2 3 > A N
CDf 0\(_ = Q(K"fcamm;;rgib = D(CO b 7(( ‘35-,' +a0’5§’)‘) — L_)S’ (_”55‘5 v ,35 S)
cp =/
M(’L§ :‘(*,3'50{(‘0 3 73)\ L 3 ("RS»U\’LD - 73' ’ )’J
- = 28.82% ~ &85, = ~ 3G % +03]
= - ‘%S 0(()& “‘7.’5“.

;) -3.061 NBL =z

2
Oh gy = -22.43 rad)t

dep = L8 rulp )



Cenley
Lecture 13: Instantaneous ,{)f Zero Velocity

Concept questions
1. The method of instantaneous center can be used to determine the of any point

on a rigid body
velocity B) acceleration

Q) velocity and acceleration D) force

2. The velocity of any point on a rigid body is to the relative position Vector ya
extending from the IC to the poi
A) always parallel % always perpendicular
)] in the opposite direction D) in the same direction

3. When the direction of velocities of two points on a body are perpendicular to each other, the
IC is located at
© A) infinity.
B)  one of the two points.
C) the midpoint of the line connecting the two points.
@ None of the above.

4. Point 4 on the rod has a velocity of 8 m/s to the right.
Where is the IC for the rod?

A) Point 4.
B) Point B.
C int C.
D) Point D.
5. Which of the following situations is impossible for the
motion of a rigid bjdy? / \/
Vi VA
Va
VA= Vg VB
B) D)




Example 1
Given: Crank 4B rotates at an angular velocity of @ =2
rad/s and angular acceleration o= 1 rad/s* when 8 = 30°.

Find: The velocity and acceleration of the slider C.

..oy = JHaae

i

AR \/3; (-)‘)Aﬁrm

BC v, Wee My

s 2 _ 7n2d’
N -l
v D)
INERIN S Calit _ (:_‘_Qi = S’a;_éb
Saer 3t SM37‘€(’
o5y O 56141 o
f&)\l_ = 853 <he = ) ég ;
» ot 'anlt\}w az/q T"“
(Jge = O4¢b parfe T V=tle > V2 Y‘LN@@,L Q0.46¢( S
L
Example 2 N
: . — AN R ‘\»VLL\
Given: oap = 12 rad/s DN
Find: v., ®,., and o, neon e
Ry N Ve

VB: U)AQ rB{'P\ = \L[.l} = 1.4ms ) rﬂhé

8¢ |
= \j@ (N \[
()J Rc e ..:__S’ - £33 (‘IJA/é ———350

F&; \ a mm T

V, = We Ve = (M4, 533) = 2.26 s A< v

‘|;——300 i —— e 350 mm ——]

) 4\/_‘“_‘ - 7246
e o 25?2 ¢ 15"
W= us? )y









Example 1

Given: Starting from rest when s = 0, pulley 4 (r4 = 50 mm)
is given a constant angular acceleration, a, = 6 rad/s®. Pulley
C (r¢ = 150 mm) has an inner hub D (rp = 75 mm) which is
fixed to C and turns with it.

Find: The speed of block B when it has risen s = 6 m.

50 -

Gty = E)(APA = D(@f@ \/,g,ajO
¢ [ 008 = Ag (169) - .
04(,' ), @1 e ey
8= Zrad/s |
m 3 = QL+ = O<ﬂ (m“ L\
- 2(05) = st T
Example 2

Given: Two slider blocks are connected by a rod of length 2 m.
Also, v4=8 m/s and a, = 0.

Find: Angular velocity, ®, and angular acceleration, a, of the
rod when 6 = 60°.

Sf\ﬁ ZCﬂS 8
Ve\: Sg — _15M W

{“\
R ~25 60" W = WF HL6L rerfs )

Gy = Ve = L0350 ~250,0%

0= — 2 s (o° HeDT — ZsinGO &

o= -1g .10 (m/g




Lecture 11: Translation, Rotation & Absolute Motion

Concept questions

1. Ifarigid body is in translation only, the velocity at points 4 and B on the rigid body
A) are usually different
CB) are always the same
C) depend on their position
D) depend on their relative position

[\

. If the path of a point on a rigid body is a curve, then the rigid body cannot undergo a
translational motion. (true 0

(98]

. If a rigid body is rotating with angular velocity @ about a fixed axis, the velocity at point P
is__ A

wﬁ B) r,xo 8)) % D) None of the above

If a rigid body rotates about a fixed axis with a constant angular velocity, then the
acceleration of a point on the body is zero. (true o1 false)

>

5. The disk rotates about the axis that passes its center. The acceleration of point P is shown
below. Which of the following statements corresponds to Figs. (a), (b), and (c)?
A) (@) a=0,0#0,(b) a#0,0=0,and (¢c) a=0,0#0
B) (@) a#20,0=0,() a#0,0#0,and (¢) a #0,0 =0
C) (@) a#0,0=0,b) a#0,0#0,and (¢) a=0,0 #0
D) (@) a#0,0=0,(b) a=0,0+#0,and (¢) a #0,0 %0

P a P P

: (@) (b) (c)
6. A body is subjected to general plane motion undergoes a/an
"A)  translation.
B)  rotation.
C)) simultaneous translation and rotation.
D) out of plane movement.

7. The motion of a rigid body can be completely determined by the translation of a fixed point
the body and the rotational motion of another fixed point B on the body relative to A.
(true or false)



Lecture 10: Impact & Angular Momentum

Concept questions

1. Two balls impact with a coefficient of restitution 0of 0.79. It is ible that one of the balls leaves
the impact with a kinetic energy greater than before the impact.\(true or false)

2. Under what condition is the energy lost maximum during a collision?
A)  e=10 e=0.0

03] e=-1.0 D) Collision is non-elastic
3. A particle strikes the smooth surface with a velocity of 30 m/s. If e = 0.8, (v), is after the
collision.

A) Zero B) equal to (v
0 less than (vy); D) greater than (vy);

4. Angular momentum is defined as
A) the moment of angular impulse. B) the time rate of change of linear momentum.
C)| the moment of linear momentum. D) the time rate of change of resultant force.

5. If the angular momentum of a particle is conserved about a point O, we can conclude that
A) linear impulses acting on the particle are zero.

B) the sum of the moments about O is constant.
C) the sum of the forces are zero.
@the sum of angular impulses about O is zero.

6. If the linear momentum of a system is conserved, the angular momentum is therefore conserved as
well. (true o




Example 1 Given: A 0.5 kg ball is ejected from the tube at 4 with
a horizontal velocity vao = 2 m/s. The coefficient of restitution at B
ise=0.6.

Find: The horizontal distance R where the ball strikes the smooth
inclined plane and the speed at which it bounces from the plane.

Xz %, T, ¢ {r,i
2= 0+ 44 E an"
y= ot N, 4 gt
(1w 040 - 120 R L A Aoy into eg M) by
ey ), = 1hs x ez Nex), -0
UORER A 0 - (- 001 45 47°)

i

A

b

\\(F}f)(\t

L'I»CL{M/S

Nrw}a - W@«f\.\ = 10.01 Sim N

NX)L = 9.1

- > .~y Example 2 The small cylinder C has a mass of 10 kg and is attached to the
L end of a rod whose mass may be neglected. If the frame is subjected to a

L= G couple M =(8t°+5) N-m, where ¢ is in seconds, and the cylinder is
subjected to a force of 60 N, which is always directed as shown, determine
the speed if the cylinder when ¢t = 2 s. The cylinder has a speed of
v, =2 m/s whent=0.

(Li‘:)l t Zg? (\/\zd* :;(Lz)z

~rmyos [ whs) - gok%\(ﬂ}fi" = Ve

Vpz ~ 138 m|$

?_,fj & = 7@5

)

2 grpdviel

7 alnest @
ol e & O""hf

(X

¥, g




Lecture 8: Power and Conservation Systems

Concept questions

1.

The potential energy of a spring is
A) always negative. @ always positive.

C) positive or negative. D) equal to ks.

2. When the potential energy of a conservative system increases, the kinetic energy

Example 1 If the roller-coaster car has a speed
v, =5 ft/swhen it is at 4 and coasts freely down the
track, determine the speed v, it attains when it reaches

point B. Also determine the normal force a ‘150-1bl
passenger exerts on the car when it is at B. At this point
the track follows a path defined byi y=x"/ ZOOE Neglect
the effects of friction, the mass of the wheels, and the
size of the car.

always decreases. B) always increases.
C) could decrease or increase. D) does not change.

If the work done by a conservative force on a particle as it moves between two positions is
—10 ft-1b, the change in its potential energyis
A) 0 fi-1b. B) -l10ftlb. (C) 10 ft-b. | D) none of the above

The location of the datum for the gravitational potential éﬁérgy does not affect the result of
using conservation of energ@r false)




Example 2

The 50-1b load is hoisted by the pulley system and motor M. If the motor
exerts a constant force of 30 Ib in the cable, determine the power that the
motor must supply if the load has been hoisted s = 10 ft starting form

rest. The pulley-cable system has an efficiency &= 0.76.




Lecture 7: The Principle of Work and Energy
Concept questions

1. If a particle moves from 1 to 2, the work
done on the particle by the force, Fg, will
be o,

ch [ zp;ds\ B) - ["£Fds

C) j SFds  D)- j SF ds

2. What is the work done by the force F?
A) Fs B) —Fss

—Zéro E D) None of the above

g,

s I

3. Kinetic energy results from

A) displacement Mlgﬁ@

C) gravity D) friction

4. If the velocity of a particle at time #; and the work done by the external forces from time £, to
time #, are known, it is possible to know the velocity of the particle at time #. (true 0@

brown . gn ?7 559?‘%6}‘ ) h/Of} o}{'(‘mt {iov\

S. Work done by a friction force can be positiv@or false)




Example 1 The spring has a stiffness £ = 50 1b/ft
and an unstretched length of 2ft. As shown, it is
confined by the plate and wall using cables so
that its length is 1.5 ft. A 4-lb block is given a
speed v, when it is at 4, and it slides down the
incline having a coefficient of friction g4 = 0.2. If
it strikes the plate and pushes it forward 0.25 ft
before stopping, determine its speed at A.
Neglect the mass of the plate and spring.

ko= Dol ) gy
W= Uyl My =L Vv, 20
Lind

:O H«wmée =D

4 .
FrmuN = mpwwsd = . {0 S~ L 61

. - i o e
X ,iv«w*'l + Zue’z. - z%}i’a

I A A e

, 5 3. Iy
ulL - L,\(\?'L‘\'j;} - W\'\ - GL& (%_L‘;M)é’:m@ = l}() lgy) 5 + 78 % ’&‘
S, moFe = -y (sar) = -we Bl
z z i St T
Fos U, 2 el 4, - L )= 2 (99 (1 - )
5 ) ) . - . %*&
o - 4 7 § -~ 208 -TEIZS = © Nt
RS AR € L
~~~~~~ U g S s
Example 2 (system of particles) Determine the SR T S N v
force F that must be applied to block 4 to make o ) ] F
block B attain a speed of 8 m/s after moving 4 m to . =
the right from rest. The masses of the blocks are my M
pused = { 1 6 oy
20 kg, mb 20 kg{(; Neglec{:: gjcitxgn. car ZT iz, - s, ) N
2 = wlE I AN k! z
\/B 3, 8 ! O + Fas, = % MAKVQt + 3 Mg <VG)L
15, + 355 - s O FLro) = 10200 41 be) (gl
W3- 0 F o= 346.6

M-8l 9 = 4 y°



Example 1 A Zoawig?snowmobile travels down the hill. 1

When it is at point;gl,}lt is traveling at the speed of 4 HT/§ and
increasing its speed ém Determine the resultant nérmal

force and resultant frictional force exerted on the tracks at
point 4. Fod N F

goe{980)siag - F = W0(#%)
tamo = 4y _  5(07)x? >
i = \ .
-3 ) ZF, = ™M
~15(o N 10") = o8] " " "
0= 531° ;orgose TN T Mp ~
- ] g g . 4 o= ‘ — ()
Famon L st 0

~

ol vy i 2000 )¢ - “z (0 N = 03
* “A-‘-”}‘ .. MW‘Q‘“\"

Example 2 The arm is rotating at a rate of{ f=>5 rad/s} when{ 6 =2 jjld/szl

and Determine the normal force it must exert on the 0.5 kg

particle if the particle is confined to move along the slotted path by the @~
horizontal hyperbolic spiral{rf = 0.2 m .]

| 0=5radss, 6= 2 radss?

S — S N S
esb L N SR «
/1. A -
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S -~ 3. ) o )
e Sh(e G *6&'@> F - s 5799 2 mbg
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- - 76‘5— v‘“"{é“‘
Qe = o0 d - LS mpet
4\@1§5§41(§ - «g“ﬁg’é Qﬁg?ﬂ
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Lecture 6: EOM — n-t-b and r-0-z Coordinates

Concept questions

1. Friction forces always act in the direction of the relative motion.
A) radial W C) transverse D) None of the above
) ) tangential | ) )

2. A particle is moving in space. If the resultant external forces in w, and u, directions are
zero, then the acceleration of the particle is zero. (true o *E # I ®

3. For problem 2, if the resultant external forces in u, and wu, directions are zero, then the
acceleration of the particle is zero.or false) 0 "
"»‘03.»

g
TF i e, Zero
o ~

4. The small ball rotates around the vertical pole in a
horizontal circular path. What is the normal acceleration
of the ball?

A) gsind B) gcosé

(g);@ D) g/tané




Lecture 5: Newton’s Second Law
Concept questions
1. Newton’s second law can be written in mathematical form as > F=ma. Within the

summation of forces F, are (is) not included.
A) external forces B) weight
@ internal forces D) All of the above.

2. The equation of motion for a system of n-particles can be written as > F, =>ma, =ma,,

where a; indicates

A) summation of each particle’s acceleration

/S cceleration of the center of mass of the system
C) acceleration of the largest particle
D) None of the above.

3. A 10 kg particle is subject to forces F1= (3 i+ 5 j) N and F= (-7 i + 9 j) N. Determine the
acceleration of the particle.

A) (04i+14)ms N B) (4i+14j)ms
C) (-12.9i+45 j) m/s? D) (13i+4 j)m/s?

4. In a dynamic problem, the friction force acting on a particle is always
A) usN  B) greater than N [C\)/ﬂ:ﬂ D) none of the above



Example 1 ‘
Given: The (400 kg Xmine car is hoisted up the

incline. The force in the cable is
‘F =3200¢2 N i The car has an initial velocity of

V, = mﬁat t=0.

G

Find: The velocity when =2 s.

Fit) = alt) — v
uS{f‘%} {igugaoird

% IR, = May
P —rySing = My

\8 — A
2200t" ~400(3g)) (5 = 4G
T
= 3t ~4uGi6

Vv, §. aak
= 2+ (Flth- y6ielak
=8 C W vels
Example 2 Two crates are released from rest. Their masses

are fmy = 40 kg andf mp = 30 kg, and the coefficients of
friction between crate 4 and the inclined surface areju, = 0. (

and jux = 0.15, What is the acceleration of the crates? '
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Part 2: Relative motion analysis

Concept questions

1. The relative position of a particle B with respect to particle 4 is defined as

A)r,+r, B) r,~r, ?}

S,

2. At the instant shown, particles 4 and B
have velocities of 4 ft/s and 3 fi/s

respectively as shown. Whatis r,, ,?
A) 5ft B) 3i + 4j
C)4i+6j CDY4i+3] =
FQ—(‘&; (Hv "“5;\) %)
3. For the above problem, whatis v, ?

A) 4i+3j B)4i -3j

O-4i-3j Dj4i+3D

\{b\»\f,& R T {“3}}

D) r, +r,
y
B (4,6) ft
l vp= 3 ft/s
A(03) ft| VA= 4 ft/s
X

4. If two particles move with the same speed in opposite directions, their relative velocity is

zero. (true o@



Example 1 Each bar is 0.4 m long and rotates in the x-y plan.
They are connected by a pin at 4. Relative to the reference
frame shown, bar OA has a counterclockwise angular velocity
oﬁ:rg@s and bar 4B has a counterclockwise angular velocity
of 40 _rad/s. What is the velocity of point B relative to the
reference frame at the instant shown?

. .3

V= Vo o+ Ve a
,Q?)}\%J,\v\ "q\ﬁ
(ot aiis { oo o o

= S-Szt @5 25 )

F ol —sin st 3 @€ ) )

D43y 23l w8

Example 2 A man can row a boat at 5 m/s in still water. He wishes to
cross a 50 m wide river to point B, 50 m downstream. If the river flows
with a velocity of 2 m/s, determine the speed of the boat and the time
needed to make the crossing.

\fm/.f gw"/é \fw ZM}é j:;,%g ::!m <

3

\I\M: \I\J A \IM/VJ
M 7 Y, g Y

N

S (s 9] ()

0

[V, s 9
5 u \/M sia 49 = 2+ Cgin 8 )

{

do 1, et
Jo= ¢.2 s . \390 + 5o

M= = e = 347
o = 1557 6-21

50m




Lecture 3: Rectilinear Kinematics
Concept questions

1. If a particle moves along a curve with a constant speed, then its tangential component of
acceleration is

A) positive. B) negative. @ Zero. D) constant.
2. The directions of the tangential acceleration and velocity are always

A) perpendicular to each other. ollinear.

O in the same direction. D) in opposite directions.

3. Which of the following situations is impossible (a: acceleration)?

path

® L

C)

4. If the magnitude ofthe velocity of a particle is constant, then the acceleration of the particle
is zero. (true or (false)

5. Suppose initially a particle moves with a nonzero velocity. In what motion will the particle
be under the following conditions?

A)a,=0,a,=0: B) a,#0,a,#0:
C)a,=0,a,+0: D) a,#0,a,=0:
1) Rectilinear motion with constant speed.

2) Rectilinear motion with varying speed.

3) Curvilinear motion with constant speed.

4) Curvilinear motion with varying speed.

6. Draw the directions of the acceleration of the particle shown below.

Increasing Increasing Decreasing Increasing
speed speed speed speed

A 4
-]

7. The speed of a particle in a cylindrical coordinate system is

A)r B)ré C) V(") +(r0)? (@(})u(ré)u(;y
1



(= (prétant

8. If r =0, 49 # 0, and rLO # 0 for a particle, then the particle is

A) not moving. B) moving in a circular path.
C) moving on a straight line. D) moving with a constant velocity.
Example

Starting from rest, the car travels around the circular path,{r = 100 m,}at a speed v = 0.5¢*{ m/s,

where ¢ is in seconds. Determine the magnitudes of the car’s velocity and acceleration at the
instan@

=V ! t
V= 0s()" = @S5

o = £ - 12‘5»1 = }D/é, M/éa
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Lecture 1: Rectilinear Kinematics
Concept questions

1. When v-f graph is given, it is possible to determine s- graph using

dv ds da _d’s 2
A ga=— vV =— QO y=— D
) dt @ dt ) dt ) @ S ar
2. %’lxe area under a- diagram represents the change in during a time interval.
A) jvelocity B) position C) acceleration D) none of the above

3. When a =a(v) is given, it is possible to determine v = v(¢) graph using

d _d d d’s
(3 j C)v=d—(; D)a~d2 N

e gt

Example 1 The acceleratlon 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 o{s\ 100 m Imtlallyb\ O gn(fxg = ;Jhel’g t=0. )

St

£irck £ 5090
V(5= ;\—k> 9 ’
| , N
Jy Coroze) ae = (N
1 7 S
Gs + 20VST =gV
=V, v ot o S el wllgue 13T b | SR
by ey J o » Le o
S P - T
i«.» - at m B Q‘N«fy Vo024 4 580 % 1(‘0“‘& ,

=
-5 6155



Example 2 The v-t graph for the motion of a train as it (Es)
moves from station A to station B is shown. Draw the a-¢

graph and s-f graph and determine the average speed and
the distance between the two stations.
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Lecture 2: Rectilinear Kinematics
Concept questions

1. The direction of the velocity of a particle is always tangent to the path of the particle. @or
false)

2. The direction of the acceleration of a particle is always tangent to the path of the particle.
(true oralse

3. If x=x(¢), y=y(), and z=2z(t) are given, it is possible to find the position and
acceleration of a particle at any instant of tim@r false)

4. If x=x(t), y=y(t), and z=z(t) are given, we can certainly determine the displacement
and acceleration of a particle at any instant of time.@o@

5. The position of a particle is given as r = (4£’i —2j) m . What is the particle’s acceleration?
- /7;;:':;37;‘; ~~A\
A) (4i+8) m/s’ B) Bi-16j)m/s’ C) 8im/sy D) 8im/s
Example 1
A particle travels along the path defined by the parabola y = 0.5x”. If the component of velocity

along x axis is v_ = (5¢) ft/s, where ¢ is in seconds, determine the particle’s distance from the
origin O and the magnitude of its acceleration when t=1s. When =0, x=0, y=0.
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Example 2

The skier leaves the 20° surface at 10 m/s. Determine the
distance d to the point where he lands.

X.= X = 10wk 0570
y, = o T = 10wy Sians
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