9 DTNATEES - R S ~ PROBLEM N9/1
j Two disks of the same material are attached to a shaft as shown. Disk A is
of radius r and has a thickness 3b, while disk B is of radius nr-and thickness’
b. A couple M of constant magn1tude is applied when the system is at rest-and

is. removed after the system has executed two revolutions. Determ1ne the value
of n which results in the 1argest f1na1 speed for a point on the rim of disk B.

For a disk féé- ,-—?Wﬁz
3 | .
o - 2Rt
Where § = mass density of mater1a1
= th1ckness
= radius '
I. =1 .(nR)4b_§.=ﬁI .
Bx ATE T 3BT3 A
o v Ao
Ths. ITota] = t 1 ="1A$1 3 (1)
‘ Principle of WOrk-Ene.my'
K Wy = Ep % )Pél
Mat) =111+ Dﬁ) w24v
2 A 3 2
28T 1 =24WMA 1
3

For a point D on the Rim of Disk B
vy = (nr)W, ‘VDZ _ nzrzwzz ) 2?TTV My _n
-0 ' A 3+n

Max Vpjoccurs for max. (—Lr)

B nz _ 1 4 2 3

[ ] 0; 2n Y} + - 2n€] = 2n {% - n_]

n= _ n

n = i&fTQ‘v - 1316 A



P DynamIcs - . PROBLEM N9/2

A disk of constant thickness and initially at rest‘is'plaéedih contact with

i  _” the belt, which moves with a constant velocity v. Denoting by the coefficientf
‘ ' of friction between the 'disk and the belt, derive an expression for the number
of revolutions executed by the disk.before it reaches a constan;'anguTar velocity.
' T,Thevohiyvforée,doing work is
F.  Since it's moment about
A is M = rF, we have "~ - .
W, = M8 = Fré = M mgre
12 112 2
: EZ "-_'?_,I,w = 5(7.‘“? )(F)
ansre = & ()2
Q‘ /,(mgr9-=%mv.2' - S
. o ' IV2 o e ‘92- o o
’ 8= radians’ D : revalutions

ardg . T BrMg



P DYNAMICS ' PROBLEM N9/3
A cord is wrapped around a cylinder of radius r and mass m as shown. If the
cylinder is released from rest, determine the velocity of the center of the
‘cylinder after it has moved through a distance h.

*
C
-
KINEMATICS Since V_ =0, we have V=rw w=U
e ] r
....... 0 o
. | '1/*1W2=E2+;}{ 1o = mgh
_mgh=%—m\l2+-%—1w2
1..2.1(1 2
=M+ 5""‘](%)2
_3 2
=7,



oomamies C o PROBLEM N9/4

A uniform rod of ‘Tength - 1 is p1voted about a po1nt C 1ocated at a dlstance |

b from its center G. The rod is released from rest in a horizontal pos1t1on.

Determine (a) the distance b so that the angular velocity of the rod as it -

passes through a vertical pos1t1on is max1mum,<(b)'the value -of- the maximum t'

angu]ar ve1o§1ty

< —- G - . Uy - . L o Lé'f4 S o
Yoo DT ' _ N d N
T 1 B
) B S -afb p | o
- Rotation about C: V =bw .- A e
Eoio wewmah Ee=io@aln?olomn?sd(looq2].2
;1 0 . .1w2.v mgh'rgEZ(' 2j‘mv +;2 Iy =5 m(bw)" + 5 (ﬁajnﬂ ]v:
| S o121 g2 2 S
e T:FZme[b s 519
E, + W, =E

3
Q@
o
"
Nof ==
-

ezt 7 gy
o - b2 + %E'ﬂ 2| o

a) MAXIMUM W OCCURS WHEN W2 IS MAXIMUM

2‘9 o b2-1—-2 —'b'2‘b = OA.'
2,1 g2 _ 4+ ;; L
[t; +T2—£ ]-—_0 » bv——;z- A

b) VALUE OF MAXIMUM W _Use Eqn. (1) with b = —ég—

| N | | iz
Qz ) 529‘ , [@/\/’E : : 29 ﬁ/\f-é ﬁ 9?’
| (L%/12) + (£%/12) 2 lz/lz

- V12 Jaiz

= 1.861 Jg/n




The uniform rods AB and BC are of mass 4.5 and 1.5 kg respectively.

v DYNAMICS

PROBLEM N9/5
If the

system is released from rest in the position shown, determine the angular

velocity of rod BC as it passes through a vertical position.

ys -5¢
[Tp | e

£,

172

=l M v, 24 {1 M,V 24 2

Ag;_.’_ v [
- , o :4, PN =4 <:)

=0

2 "BC'BC

1

BC'BC

Z2o0v™Mm
r boormrm
~. |
Al __Tlo=_— ¢ 51C
~o \J
ST~
\\ st i
~ _ %
~.%

-

In position 2, we note that VA and VB
are parallel, . AB is in-tramslation,

(4.5) (. 2Hg)? + 2(1.5) (.1 )? + %{%7(1.5)(.2)%] Mo

2

0.1W BC

-(4.5kg)(.1m) - 1.5kg(.1m) =
-5.89j

6(9.81)(.1)

Conservation of Energy

El + W, = E, + ,L

172

0+0-=.1 wBC

WBC =" 7.67 rad/sec " A



'DYNAMICS : PROBLEM N9/6

Disks A and B are of mass 5 and 1.8kg respectively. The disks are initially at
rest and the coefficient of friction between them is .20. A couple M of magnitude
4N-m is applied to disk A for 1.50s and then removed. Determine (a) whether
slipping occurs between the disks, (b) the final angular velocity of each disk.

g
.. - B |50 ™
Assume slipping does
not occur: -
A
"A%A T TB%B 8| O \pasomm
.25 Wy = .15 Wp C -
Wy = .6 Wp (1)
IMPULSE:
Disk B: T %
P _ 1 2
A FtrB = IBwB Ft(.15) = 5(1.8)(.15) Wy (2)
Disk A: + V¥

Mt - FtY‘A = IAWA
Mt - Ft(.25) = 3(5)(.25)%, (3)
Mult. (3) by .6 and add to EQ. (2) to eliminate 'Ft' term
.6Mt = .09375wA + .02025wB Subst w, from EQ (1)
And wg = 47.06 rad/sec

Subst. w, into EQN (2) and find 'F!

B

F=14.24

- _.E.=4~'2..4_= >
F=an /‘(“A/ 1.8g 24 /uGiven

(a)..Slipping occurs

e (b) F = .2(1.8g) = 3.53 = Subst. into EQ's (2) and (3)

From EQN (2) From EQN (3)
Wy = 39.2 rad/sec } 4 Wy = 29.9 rad/sec p 44



DYNAMICS PROBLEM N9/8

A sphere of mass m and radius r is projected along a rough horizontal surface
with the initial velocities indicated. If the final velocity of the sphere
is to be zero, express (a) the required omega in terms of v_and r, (b) the
time required for the sphere to come to rest °in terms of vooand/,( .

S
o-/

Ft
o= m%’c
Initial momentum and impulse equals final momentum
2. x component: mv, - Ft =0 (1)
+) Moments about G: I, - (Ft)r =0 (2)

(a) Eliminating 'Ft'

Iwo - (mVo)r =0




DYNAMICS : ’ PROBLEM N9/9

The rod AB is of mass m and slides freely inside the tube CD which is also

of mass m. The angular velocity of the accembly was omega, when the rod was

entirely inside the tube (x = 0). Neglecting the effect ‘of friction, deter-
ine the angular velocity of the assembly wh = L/2.

mine the angu y . mbly when x / | L

bjiifﬁﬁfﬁiifj T - tube 1D
< &}
[P S S AN R - rod NS @ m——
“h ) : L z
"\T\]T mg,(\)a}e . . l\ — .
— (T“",\.,..u N Top views
De AUV
h,.....,.r).....-x.r/
I8, Ty
Moments about shaft at D
Momentum conserved |
L _ L
(mp + mp)Vy 7 * (I + Tpdwy = mpUp(z) + mp(Vp)gl + (17 + Tphw, (1)
Since both rod and tube are
of length L and Mass m;
mT:mRzm : IT=IR=.}._2.mL2
_L - L _
Vp = % Vp =0y (VR)g = Lu,

Substitute above items into EQ(1); we get

2 2
Lok spmd oL L
2n(z Wyl + 250wy = mizwy)5 + m(Lw,) + 2(57) W

2
:Q’z—msz1 = —%%msz2
217" -4



DYNAMICS PROBLEM N9/10

A bullet weighing 40g is fired with a horizontal velocity of 600m/s into the
7kg wooden rod AB of length 1m. The rod, which is initially at rest, is sus-
pended by a cord of length 1m. Knowing that h = .2m, determine the velocity
of each end of the rod immediately after the bullet becomes embedded.

At
Aﬂjr AAT
. Ha, 0
w .
G z -
o o M TR (N2 Pl g !
Wi, ™ kﬁ; .
MBVD ;é*’ Bh‘ L_HAL A'C)"
System + Ext = System
Momemta1 Impu1sel_2 Momenta2 e
hl,
R
N G: MV h = Iw (1) o X
4+ 1 Moments about G: B'o 5 : B
Xy x components: MBVo = MV2 (2)
‘ M
........ From equation (2): V2 WM V0 (3)
A From equation (1): W = MBVoh - MBvoh - 12MBVoh (4)
_ 2 I ML2/12 LZ
DATA: Mg = .040kg. From EQ. (3)
V =600m/s h = .2m ' 04
° V, = <52(600) = 3.43m/s >
M= 7kg
L =1m ' From EQ. (4)
W, = 1;2)(.04%(600)(.2)= 57 6ra
1
KINEMATICS
L
= = = -
o= V2 * Vayg [-sz +[2 Wzég

[3.432] + [28.8<]

25.37 <« A

5= Vot Vg = E’._z"] +I}w-ﬂ = E.43ﬂ + Es.sﬂ

g = 32.23 = P

<<
n

<<
]

-
n



‘penetrated the disk, (b) D
‘termine "its linear velocity after the motion has become uniform.

DYNAMICS . PROBLEM N9/11

A bullet of mass m is Fired with a horizontal velocity v_ and at a height

h = R/2 into a wooden disk of much larger mass M and radfus R. The disk

- rests on a horizontal plane and the coefficient of friction between the
-disk and the plane is finite. (a) Determine the linear velocity v, and

the angular velocity omega, of the disk immediately after the bu}]ét has”-
éscribe the ensuing motion of the disk and de-

'M$AF‘

N , 'Mgl.
4 = | N,
P Iw,y —:
: B K, e 7.3
@) ‘-”\’AJ. e S
. System - + . .External = System A
o Moméhtao f:ifﬁ | _impulse ' o Morﬁeﬁta1 |
+ 4ty C‘o_mponents":"” 0+ NAt - MgAt =0
mg=N_ .
X Compon_ent;. ng FAt MV,1 . Since Atx0 Ngo - le .
MY - MgAt =MV, T MV
+% About 6: MV (R - h) - R(KMgAt) = I, R
PR [y 2
S A0 W (R-h) =y MR Cwy
. _mR-h ’ - Wy T .
W1‘2M~R2_Vof (2) - 1 MR
(b) \J N
MVo + = e
Sikg
EJ__g Fe
A i , A MV
; ’ ' . e O
System + External = System. Wo = 3NR D
Momenta ‘Impulse ~ Momenta, Vo = Rw,
MV0
R S Vo =g — A
. 4 ) Mom.- About A: .
: H MVOh +»0 = MVZR_+ Iw2 |
MV (R/2) = (MRw,)R + i MRZy
o , 4 2 2 2

1 23



© DYNAMICS

A uniform slender rod of'1ength L is dropped bnto rigid supports at A and B
Immediately before striking A the velocity of the rod is v
B is slightly Tower than support A, the rod strikes A befo

PROBLEM N9/12
a P

Since support
t strikes B.

be

Assuming perfectly elastic impact at both A and B, :determine the angular
velocity of the rod and the velocity of its mass center immediately after .

‘the rod (a)
support A..

strikes support A, (b) strikes support B, (c) again strikes

. lof2

- | AC_— A
(a) . VA1<? Vi . = 1 l ]
a2 TV TV |
| =MV1L/2 +i°.gllwz.+ ﬁYéL/2 ‘. | e
V- %‘Lwé | Y =.VA? f.VG/a2 '
1w2 = E;l = -V +:%’W2' 
Y =_%'W2‘.V1
Ve =z
(b) Vg, = Lu ; vy =3V - Vi'; | v3ff”v83 +'Vé/33 . -2y1.é'%-Lw5
'vBL = e=1 o
YB3 T ¥ |
tuy = (W) 5 = Tug + (W) 3
%E-MLZ(Egl) i AALE %é-ML?Q3 2y + S 5
'o‘= %—Mszé + ML
. 3.
Wy = -+



DYNAMICS PROBLEM N9/12
LI : P‘2 Of 2

€) Va3 = Vgz + Vap3 = -2Vq + 3V,

VA3=V1 e =1
Vag = V4
V, =V, +V _ 1
4 A4 T TG/AG = -V, + 7 L,
1 _ 1
Iw3 +§LM‘\I3 = -Iw4 +—2-MV4L
'l—-MLZ(EXA_Q smEmy) 5= o Lowd oy, - Lyl
12 L VRS R 12 "= ¥y 17 2% 7%
=_ 1 w2
0 3MLw4
w4=0



DYNAMICS » PROBLEM N9/13
P. 1of 2

A sphere A of mass m and radius r rolls without slipping with a velocity v, ona
horizontal plane. It hits squarely an identical sphere B which is at rest. _
Denoting by the coefficient of friction between the spheres and the
plane, neglecting the friction between the spheres, and assuming perfectly elastic
impact (e = 1), determine (a) the linear and angular velocity of each sphere

immediately after impact, (b) the velocity of each sphere after it has started
rolling uniformly, (c) discuss the special case when = 0.

(a) Immediately after Impact

(Friction forces are not impulsive)
~"CONSIDER SPHERE A

I( )\ o= —TIiiss T S e e
T, A
+ = Sum of Moments About G:
Iw0 = I(w

FAL=D ) } )

'CONSIDER SPHERE B

ITlwy, Sum Moments About G:
+ =
@) 0= I(wB)l
FAL 20 (wg)y = 0 -

'CONSIDER BOTH SPHERES

5600 83

System + External = System
Momenta0 Impu]seo_1 Momenta1 Solve (1) and (2)
Simultaneously:
+=> Components: (Vp)=0 4
MV = M(Vp) + MOV, (1) - Ol v >4

Coefficient of Restitution (e = 1)

(Vg)y = (V)
e = B_IVO_ A? 1 v =) - v, (@)




DYNAMICS : PROBLEM N9/13
‘ P.2 of 2

(b) Motion After Spheres Roll Uniformly.

Note: Here the time interval is not small and impulse of friction forces
is included.

S here A:
2BREre e Rol1s: (VA)2 = r(wA)z
meqt s
N T(wy),
~ m (Va)z
System + System Ext. - System
Momenta, Impulse, , Momenta,,

+ ) Moments about D: ;w01= I(wA)2 +_M(VA)2r
2 2y 2 = 2

2
£ Mriw, g Mr (wA)2 + Mr(wA oF
(Wp)p = 5w, )
- v . ) =2
S1ncamrwo = Vo’ we have: (VA)2 7 W > A
- : -2
(Vp)p = r(Wp), = 5 rwg
Sphere B _
£ <‘;Roﬂs: (VB)2 = V(WB)Z
my, m% ru.abv—,_
+ - «
‘m (Ve
Nt Ft b
System + External - System
Moment a4 Impulse, Monenta,
+ ) Moments About D: (MVo)r‘ = I(wB)2 + M(VB)ZY‘
2 2
MV r=2=Mr"(w,), + Mr(w,).r
cecatting L (ny, = S0 ), =3wp A
ecalling v =wy  (wg)y = 77 gl T 7 ¥,
= =2 =2
(Vg)p = rlug)y = 5 vy g7V —> <4

(c) For (= 0 the motion of part (a) is the final motion
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DYNAMICS - PROBLEM N9/14

A slender rod of mass m and length 1 is held in the position shown. Roller B
is given a slight push to the tight and moves along the horizontal plane, while
roller A is constrained to move vertically. Determine the magnitudes of the
impulses exerted on the rollers A and B as roller A strikes the ground. Assume

perfectly plastic impact. ~

Conservation of Energy
@ Inst. center is @ B .
V, = = w
L 2 2 "2
” {U '
—O° — 22 b
KT S SN I I SORR - M M SR Y ]-w2 = mg 5
Y Y '
A v,
21 2,1 2
E2 =5 mV2 + 5 Iw2
-1 (L 2, 1,1 2y 2
= 5 miz W) + 2z ml ),
e .lp2 02 ]
‘EZ =5 mL W, 1L-2 0
CE 4L L.ol,2, 2
ST LI LY mg 5 =g M,
W, = [ 39/¢ (1)
Principle of Impulse and Momentum
T .
A ﬁ;’\’- 3 A o ™z T ©
[ . ] + ? 4 = [ l
3 ’ =
‘1’sz m\kAtxo Bt e I
t
System + Ab External - System
Momenta2 Impu]sez_3 Momenta3
+ I} Moments About B: Iw2 + mvz% - (AAt)L =0
=1 o2 =low
But I = g7 mL and' V, = 5 Rw,, Thus
(Aat)L = %—2 m fzwz + m(—lzf-)zw2 = -%Tmsz2 Substitute for
W from EQ (1)
1
At = 5L J3a/L AAt=mJ—§rg-’TA

+ﬁl\_y compon.: - mV, + AQAt + BAt =0

_lL (3 L - = Lg
m[z ’—E—J+mj_:§ +Bat=0 BAt—m’ﬁll\A



. DYNAMICS | PROBLEM N9/15 P. 1 of 2
Two identical slender rods may swing freely from the pivots shown. Rod A is
released from rest in a horizontal position and swings to a vertical position,
at which time the small knob K strikes rod B which was at rest. If h = 1722
and e = .5, determine (a) the angle through which rod B will swing, (b) the
angle through which rod A will rebound. .

— 1
A
Impact Rod A v

=<-—>m‘§.A Moment of imp. and

" L momenta about o1 y
T 19 2 . JB
| 'JL (mle) 5=+ Tw, - (Pat)L
. \
PAr -
. = (mV5p) =5 + Ty,
- A 1 2
Since VA = =5 Wps I = 17 mf
S % m lzwlA + i—z m ‘EZWIA -(PAt)L = le-mﬁ zsz + %—2 mﬁ 2w2A
—Zli—mszlA (Pat)l = %—mszzA (1)
Rod B: Moments of imp. and momenta about 02
= £
quoL 1 +  PAt(L-n) = (MVpg) =5+ Twyg
(Pat)( L - h) = LBy (2)
‘L Tw'e Eliminate Pt from (1) and (2)
(L= h)(Wyp = Wop) = Rw (3)
U o 1A = YA 28
Relative Velocity of points of impact
= ial . l - ="
For h = - EQ (3) yields: 2(w1A WZA) Wop (5)
i . .]_'. - =
e EQ (4) yields: 5 Wop = Wop C/‘wlA (6)
E Substitute e = .5 and eliminate Wop from (5) and (6)
3wip = SW,p (7)

1
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DYNAMICS

PROBLEM N9/15

P.2 of 2
Conservation of Energy |
| Rod A: E1 + 1w2 = E2 + 1L2
] lqﬁf“" A 4.1 2 '
.1 oo g =7 =7 ToWia) - @)
Ll R . -
od B: E2 + M3 = E3 + 2L3
T. % L
W,a 11 5 Io(wyg)® = mg £ (1 - cosd)  (9)
%
,Q/L(\-Cosab)
U
Substitute Wias from EQ (8) and (9), into EQ (7)
= (W2By2 _ (3,2 - 0
(a) 1- cos@y = (WlA )© = (5) QB = 50.2" <
(b) From EQ. (7) wyp = .6 Wy; Subst. into EQ(6), with e = .5:

-+ Wip (10)

Conservation of Energy: Rod A

S an) SR L R L
(V&)
_y/z " mg £/2 = 2 1_(w,)? (11)

|
%&éﬁi% %
D%

E2+ w, = E

M3 = B3+ oLy

% Io(WZA)z = mg €/2(1 - cose,) (12)

Subst. M1p from EQ (11) and NZA from EQ (12) into into EQ (10)

w
(1 - cos8,) = (=28 = (-.2)2 = 004
¢ A w1A ‘

Cos8, = .96 6y = 16.30



