Applied Mechanics -- Dynantics

Chapter 13 Kinetics of Particles : Energy and
Momentum Methods

13.1 Introduction

Newton’ s 2™ Law : SF=L=ma
two additional methods of analysis
1. method of work and energy

2. method of impulse and momentum

13.2 Work of a Force |
the work of a force F due to a displacement dr is
dU = Fedr = Fdscosa
= Frdx + Fydy + F,dz

the work of a force F due to a finite displacement

from A4, to A4, is

U= $“Fedr = S:’Fcosads
AJ. 1

= ("(Fudx + Fydy + F,d2)
work of a constant force in rectilinear motion

Ui—2 = (Fcos a) Ax

work of weight

dU = -Wdy
Ui = -WAy = -W(n - y1)
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Spring undeformed

work of force exerted by a spring 4 *
— )
ek | s
d U = F dx ) l—x1~4A1

Uio = - Tkxdx = Yk(x? - x2)

work of a gravitational force

F=GMm/!r
dU = - Fedr (F directed toward O)
o M
= _ (7 ” dr
Uy = §$"dU = GMm ) GMm
n ¥ r

13.3 Kinetic Energy of a Particle, Principle of Work and Energy
consider a particle of mass m acted upon
by a force F and moving along a path

Newton’s 2" Law
Fr=ma = m dvidt

= m (dv/ds)(ds/dt) = m v (dv/ds)
Fids = mvdy |

mtegrating from A, (s=s,v=w) to A (s =52, v =)

£ V
Uz = §"Fds = $"mvdv = Vamv? - Vamv?
5

1 ¥

]

define T=%my  isthe kinetic energy

U =15 -1
or T22T1+Ul——.2
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the work of force F is equal to the change in kinetic energy
work and energy are scalar quantities
work may be positive or negative, but the kinetic energy is always
positive (at least = 0)
if v =20 Vs = v
then 773 = 0 =T
Ui—. = T work done by the force equal to 7

if vi = Vv V= 0
then =T Tz =0
U]_.z = _T

unitof 7 T = Y%mv?: kg-m%/s* = N-m =1

13.4 Application of the Principle of Work and Energy
consider a pendulum OA consisting of a bob
A of weight W attached to a cord of length /
at 4,, no velocity

at point A4, the forces acting on the bob are

the normal force P and its weight W
* P 1is normal to the moving path, .. no

work done, only force does work is its weight W

U, = WI

I+ U=0

vi =0 =290
then T, = %——-Z—vzz = Wi
or v, = 2gh*

this example shows the advantages of the method of work and energy
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1. no need to determine the acceleration

2. all quantities involved are scalars

3. eliminated the force which do no work

but, this method cannot be used to directly determine an acceleration, in

this problem, we must use Newton’ s 2™ law to calculate acceleration

at point A .
Ft =0 = o ady = 0 Ty,
- _ W o2 .. o I
FH_P-W_ma"_ET_ZW T = ", "y
: &
P=3W !

when a problem involves two or more particles, each particle may be
considered separately and the principle of work and energy may be applied
to each particle, adding T of the particles, and consider the work of ail

forces acting on them, we may write
H+thoe=7Tn

71 arithmetic sum of the kinetic energy of particles

{1 ¢ work of all forces acting on the particles

13.5 Power and Efficiency
power : time rate at which work is done

dU _F«dr
gt d ¢

unit of power : watt (W) = Fs = N-m/s

power = = Fay

mechanical efficiency # is defined

t . tk
n = output wo for work done at a constant rate

mput work

power ouiput
power inpt

< 1 energy losses due to friction
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Sample Problem 13.1
m = 2000 kg vi = 90 km/h
breaking force = 7kN

determine the breaking distance

W=mg=2000x981 = 19.02kN
vi = 90 km'h = 25 m/fs
= Vamw® = %2000 x 25°

025 kl
'I-’1=0 T2=D

Ui =-FTx + 1962sin5%x = -520x
n+th,=05
625 - 5.29% = ( x = 118.15m

if the automobile is up grade

U =-7x - 19.628n3%x = -8.71 x
n+U,=15
625 - 871x =10 x = 7176 m

the breaking distance for up grade is shorter

Sample Problem 13.2
the system is release from rest
ma = 200 kg my = 300 kg
e = (.25
determine v, after it has moved 2 m
for the system Va = vg = v
for block A4
Ny = W, =200x981 = 1962 N
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FA= ﬂkN_s\ = {025x1962 = 4095 N
V= U T1 = ﬂ Tg = %MAVQE
U].,z = (..F[' - F,.\) x2 = (Fr - 409,5) x2

T+ Uy = T
2Fc - 981 = Vama v (1)
for block B
v =0 =0 Ty = Yanmg vy : »1=ul"
Uia= (Ws - Fo)x2 = 5886 - 2 F, “"T
i+ Ua=T1 w,§ Lm
5886 - 2Fc = amav? () ll

(1) +{2) ¥2(ma+ma}va® = 4905
V5 (200 + 300) v = 4903
v = 19.62 v; = 4.43 m/s

Sample Problem 13.3
spring 1s initial compressed 120 mm, and the
maximum addition deflection of the spring is 40

mm, for v, = 25m/s and & = 20kN/m, m = 60

kg, determine

a. fy
b. v for the block passes again through the

original position

T, = VYVamwv?® = 1875
at [2} W = 0 Tz =0

1. work done by friction force from [1] to [2]

(Ui_.g]rz -Fx= S He g A= - Hy 60 x 9.81 x0.64 =- 3??}11,—_ (N-m)
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work done due to spring from [1] te [2]

Pow = kX = 20x0.12 = 2400 N
Prnax = Pmi:n + km = 3200N
{U]—Q)c S ]-‘{?'[Pmax + Pr_mn}ﬁx =S 112] f

total work done from (17 to [2] of FEen

Uia = - 377y - 112.0

N+ ha.="

187.5 - 377 s - 1120 = 0
g = 0.2

b. work and energy for positions [2] and [3]

T2=C| T3=‘;&mv32

Ih s = -377m + 1120 = 365]

Tg + Uz_.j. = Tj. lw
. * 1
0 + 36.5 = Y60 w2 -
vi = 1,103 m/s il

Sample Problem 13.4
m = ]} kg pr=0m
{a) determine force exerted by the track at 2]

{b) determine the safe value for p;

(a) because the car is rest at position [1]

T1=ﬁ TZ:%',HIVQZ
U1_.2:mgh=12mg
L+ UL.=50

0+ 12mg = Vamw'
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W

W = 24g = 24x9.81 vy = 15.34 m/s i,

an = V' ipy=24g/6 =4g Y } = I

EF. = ma, N-W=4dmg
N = 5mg = 491 kN

(b) work and energy from [1] to [3]

w
H+Us="n |

YVamvy = mg(12 - 4.5) ' ' = I
vii =15g s = 12.13 m/fs 1N=ﬂ i,

minimum p occurs when N = 0

EF, = ma, meg =ma, = mvit!p

(pS)min = lﬁg;‘rg = lSm

Sample Problem 13.5
mc = 200 kg We = 1962 N
mp = 150 kg Wp = 1472 N
determine the power of the motor when
(a) vo = 24 m/s = constant }
(b) vo = 24 m/s ! and ap = 0.75 m/s* }

for the constant length of the cable

2 yc + yp = constant
2ve+vp =0 2ac+ap =90
@ vo=24mist then ve = 12mis) .o

ﬂC_—_-‘-ID:'D

forbody C  ZF =0 27T = 1962N
T = 981N
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forbody D S£#,=0 F+ T=I1472N

F =491 N
Power = Fy, = 491x24 — 1178 }/s = 1178 W ‘e = [!C
(b) av = 0.75m/s?1 then ac = 0.375m/s’} 2N e
forbody C EF, = mcac. .7
1962 - 27 = 200x 0.375 iy
T=944N - 4 = [.D

forbody D IF, = mpap
F+7T-1472N = [50x0.75
F=0640 N
Power = Fvpg = 640 x24 = 1536 W

Remark : without block C
EF, = mpap F - 150g = 150 x 075
F = 1584N
Power = Fuvy, = 1584 x2.4 = 3801l.6 W [2.475 times]

13.6 Potential Energy

consider a weight ' moves along a curved path |
U}_..z = Wyi = W}’z

define the potential energy of the body with

respect to force of gravity # as

Ve = Wy then Uiz = (Vh - (M

in thig example (¥, > (F.u
if the potential energy increases during displacement, then the work

U,_; is negative

-9
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W =mg, ¢ may change with location, ¥ 15 assumed to remain constant

when the displacement are very small compared with the radius of earth

for the space vehicle

G Mm G Mm
U1._..z = =
L il

define the potential energy ¥, when the
variation of the of gravity cannot be neglected

18

GMm _ _WRZ

F r

then Ui_n = (Vo) - (VFihk

VE=-

for the S[Jriﬂg 5 Spring undcformed
B ik
s = %.k.hz s Vzkxf‘ g Ap
|
| B FAPMPNAAAS R
define the potential energy V. for spring is ? i_"l A
= 1 2 I F g
V, = Vakx S H
" v " '-.-.-’"-‘: i . b
then Uis = (V- (Vb PRSI
in al} the above 3 cases, it can be written
U=V - W
13.7 Conservative Force
force F acting on a particle 4 1s said to be : Agity, ga. 2]

conservative if its work U, is independent

of path fellowed by the particle A as it moves Alng,2l s

from A; to A; we may write -

Uisa = Vixu,yu 21} - W, ve, 22)

-10-
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¥

Cr Ua=1 - Vz

where Fix, y, z) is called potential function of F

for a closed loop path 42 = 4, then Arfy, o 1)

U]..Q = Vl = V] = C'

1.e. & Fedr =0 if F is conservative

for two neighboring points A(x, y, z} and A’ (x + dx, y + dy, z + dz}
dU = Vix,y,z) - Fixtda,y+dy,z+dz)

or dU = -dV{x,y2) [exact differential, independent of path]

Y 4 gV gV
deI+F}-dy+deZ—'(¥dI+'5;—dy+ 37 dZ)
o ar _ 8V _av
then Fo=- e F,=- 5 Fo=- Py
_ av ., eV . Vv
thus F—-(ax:+ ay;+az k)
=-vVV=-grad ¥V [gradient of a scalar function]
F' is a conservative force if and only if
F=-vV
eg Vo= Wy VVe=s Wji=-W
V. =Y ki VVe=kxi=-F
GMm GMm '
ng' > vVEZ _!"2 ErZ'F

13.8 Conservation of Energy

i’ a particle moves under conservative force

o=V -1
but U o= 5H -V

-11-
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then Vi-¥e=1 - W
Qr T‘+VI=T2+V2
this is E = T, + F: = total mechanical energy = constant

the sum of kinetic energy and potential energy remains constant

ez atpointl 7, =10 Vi= Wi
atpoint2 = Yamvy® F, =0
T + ¥V = constant

0+ WIl="Y2mw+ 0
i.e. ve = Qg h*

on a frictionless surface ' St

Vi=Vy=V, => T,=0-=T
=

or Vi V3

but if friction force is considered, then v; > v; > w

friction forces are nonconservative forces, since the work done due to
friction force depends on path, it cannot be expressed as a change in
potential energy

because the friction force is always in the opposite direction of motion,
thus the work done of friction force is always negative

the work done due to friction force transformed into heat, thus the sum of

mechanical energy and thermal energy of the system remains constant

13.9 Motion Under a Conservative Central Force, Application to Space
Mechanics | y

if the force F is central force, then

H, = constant

remysing, = rmvsing (1)

-12 -
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il F 1s also conservative force, then

E =7+ ¥V = constant

Yaomve - GMmivg="%mv - GMm/r (2)

when r is known, v and ¢ can be solved by equations (1) and {2), it is

more converient than the method indicated in chapter 12

Samplc Problem 13-6

= 10 kg k = 500 N/m ‘
undeformed length of spring = 100 mim 150 e

. LS |

vi =0 vy =7 ;
at pﬂint 1 = U TI = U . L3t 01y

= 14500(0.2 - 0.1¥ = 2.57

— HKI M
: Vl = (Vl)g + (Ifl)e = 0 + I.-""Zk{x - IO:,F /& W
| R ||

I-.limm
9.1()1'nm
atpoint2 T: = ¥amv? \/f
Vo= () + (F3)e = - 10gx0.15 + V2 500x0.15
= -909]

conservation ot energy

Tl + V' - T?' + VI
0+ 2.5 = Y%mv? - 9.09 xy=100mim..

f—xp = 15T -]

= 2318 v, = 1.52mfs Yor
Sample Problem 13-7 .
= 200 g k = 500 N/m Ve j%
i Ufim ' S0 Wi
determine the minimum deflection of the ¢ | / HE ¢ m M

spring for the block always contact the loop
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at position D, V, is maximum, then 7 is minimum
since the pellet must remain in contact with the loop
set N =0

EE = ma, mg = miay ian — B

a, = voiir T Ll_J

2 w i,

v = ke, = rg = 06x9.81 = 580 m/s?

at A w =0 =0
Py = (M) + (M) = 0 + V2 kX
= 145007 = 508
at D Ty =Yamvy® = %0.2x589 = 05807
Vy=(Va)e T (M2} =mgh + 0
— 02x981x1.2 =235]J Db 2

conservation of energy

T+ V=T + 1,

Dhutuin F - A

0+ 2502 = 0.589 + 2.35 = 2.930 Buwiion 1

x = 0.1084 m = 108.4 mm

Sample Problem 13-8

m = 0.6kg vy = 20 m/s ¢ = 60° L/
sphere moves on frictionless surface _ -] Vel B
gpring is unformed when sphere located at O : e m

k& = 100 N/m $

determinge #m, #m . Vm and v’

central force : conservation of angular momentum

Fam v sin 60Y = rpom v

14 -



Applied Mechanics -- Dynamics

05 x0.6x%x20s8m60° = rx 0.6 X vy,
Vi = 8.66/ ra (1)

conservative force : conservation of energy

at A4 TA= 1/2me= 120 ]
VA = VZ!%?’AZ = 125 J
at B Ts = Yamv,t = 0.3 v}

Fo = Vakrd = 50ny

conservation of energy
Tl + V] = Tg + Vz
120 + 125 = 03 v’ + 50 (2)

from equations (1) and (2), it is obtained

rm: = 2.468 and 0.1824
m = 157 m rm = 0427 m

and the corresponding velocitigs are

vm = 3.51mis vy’ = 203 mfs

Sample Problem 13-9

: e 6 H0 T
vy = 36900 kmv/h for altitude = 500 lan

determine (a) the maximum altitude, (b) for Martmm sltivde , M

minimum altitude = 200 km, the maximum

allowable error of iaunching
(a) conservation of energy

TA + V,ﬂl e TA' + VA'

1, GMm 1 , GMm
—— mvy - = —mi -
2 Yo 2 ¥

-15-
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conscrvation of angnlar mementum
fomivg = Fimy; => v = g/ n (2)

(2} into (1)

1, el OM
—_ ] - =y =
2 v ( [} Fo

for r = 6370 + 500 = 6.87x10°m
vo = 36900 km/h = 1.025 x 10* /s
GM = gR* = 981 x(6.37x 105 = 3,98 x 10" m/s’
it is obtained m = 06.8x10°m = 66800km
maximum altitude = 66800 - 6370 = 60430 km

-2y o 1+ 20M
¥ " Fe Vo

(b) for rum = 6370 +.200 = 6570 km
7o = 6870 kam

conservation of energy and angular momentum are

1, GMm _ 1 . GMm
—_— MV - = — M Vuay -
2 Fo 2 Frikin

4)

Fom Vo SIN Po = Fimin M Viax {3

equations (4) and (5) can be solved for sin ¢y and Vi

sin ¢y = 0.9801 ¢ = 90 = 11.5°
Vrax = 40584 kimv/h

13.10 Principle of Impulse and Momentum
F=mag-= % {m v}

Fdi = d{mv)

.
St’Fa’t:mvg- mv
1

where § :2 Fdt = Imp,.; i3 called linear impulse

-16-
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in rectangular component
Bnpioo = §UFdt = [PFodti+ 5 Fdij + §Fdtk
1 1 1 1
if F isindependent of ¢, then

Ta
Imp]—'l = F{rl = rl) “TIF;--9=LF:# vy

or my, +Imp .= mw amvl +°/: i i/

lor several forces act on a particle
mv, + Zlmp_a =mwv,
1f'a problem involves two particles or more

wmwv tZImp; = Zmw

if no external force or R = 0 on the particle

Zmwv, = Emw;, [conservation of linear momentum}

e.g.

AV MiyYy
: e

—-
el

2:'_"}'5,“ g =1} mgvg =i

Emuy =Zmw

1

0= M Ve + pig vy == g = - (m,a.fmg) VA’

13.11 Impulsive Motion

very large force act during a very short time interval, this force is called

impulsive force

mwv, + FAL=mw

<07+ '—* ={
¥

F is large, then the nonimpulsive
WA=

force may be neglected during this short

time interval

-17-
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for several particles considered, it can be written

Zmv +EFA =T mys

Sample Problem 13-10
m = 2000 kg vi = 90 km/h
breaking force = 7.5 kN

determine the time for stop

w = 90 km/h = 25 m/s "@ +

mv, - (F - mgsins°}y =10
2000 x 25 - (7500 - 2000 x 9,81 gin5%)¢t = O

1 = 8.64 sec . _ E
—_— ae

for the automobile upgrade

mv, - {(F+ mgsmdN¢ =10

t = 5.43 sec the time required is shorter
Sample Problem 13.11 )
m=110g v = 24 s < ,@/
A= 00155 v = 36mis 7 40° ,5-;’!
! #7 %40
determine the impulsive force ?‘ _.,@.“"

mw T EIMP1—.2 = MM

X-comp. -mv + FL AL = movacos 40°

-0l x24 + Fix0.015 = 0.11 x 36 cos 40°

Fx = 3?3 N M,
. = i = Aﬂ]
y-comp, 0 + F, At = mv;8in 40° b r.,.?’fr 5 '
F,x 0015 = 0.11 x 36 sin 40° . F,at

-15-
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F, = 170N
F=F,i+F,j=414N_242°

Sarmple Problem 13-12 e
my = 10kg m. = 25 ke i 73w ‘
vp = 3 m/s %
determine {a) v." (b) impulse cxerted by the cart
(c) energy lost

(a). for the package-cart system
L — ) :

T W v v . ¥ 4
- T.uf

myv, + Zhmp_; = (my, + m)wm

x-comp. 10x3cos30° = (10 + 25)w
v = 0.742 m/s

(b} for the package

% + : E—r W

Foat

I

i—}d‘t
Hp W + Z[ﬂqﬁ-: = Mp¥a

X-comp. 10x 3 cos 30° + Fuar = 10x0.742
F.at = -1856 N-s

y-comp. -10x3s8in30° + Foar =0
F, At = 15N-s
thus Fat=239N-s™ 38.9°

9.
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{c) energy lost

= Yamv? =% 10x3 = 45)
Ty = Ya(m, + my vt = (10 +25)0.7422 = 9.63 ]
energy lost = (7 - 1)/ T, = 0.786 = 78.6%

energy lost is due 1o impact

13.12 Impact
a cotlision between two bodies occurs in very small time interval and
exert relatively large forces is called impact
the common normal to the surface in ¢ontact is called tine of impact
direct impact : the velocity and line of . \}*“’%,‘:‘.

P

i

impact in the same direcfion
obligue impact : the velocity and lmne

of impact is not in the same direction

-
-

13.13 Direct Central Impact — =

consider two particies 4 and B moving _.—_0_

in the same straight line
if va > vp, A will eventuzlly strike B

under impact, two particles will deform

at the end of the period of deformation,

they have the same velocity e

7
R LTI X 3

{e) Alter impact

since no impulsive, no external force for the two particles, thus the total

momentim is conserved

friaVa T mpve = mava’ T ompove’

=20 -
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now we have two unknowns v.’ and v’ in a single scalar equation

we want to estabiish a second relation between this two unknowns
since the only impulsive force
acting on A during the period of _— frds o
deformation: {(or restitution} is the
ie} Period of defonation

force P (or ) exerted by B

HigM + fﬂu’f s —-—
Ma Vo - 5Pdr=m,;u °’

ih) Period of restibition

matt - YRt = mpvy

in general, R is differs from P, and the deformation impulse § P4t is
always smaller than the restitution impulse | R d¢

define the coefficient of restitution

§ Rdr
§Padt

0 = ¢ = 1, depends on the materials of 4 and B, and'it is obtained

M- Vs
Vi - U

e:

similarly for particle B, we have

. v:.;’-u
W - Vg

from the above two relations, e can be expressed

‘P’B’ - VA‘
¥a - ¥p

e =
or Ve - VAl = e(Va - vg)

the relative velocity afier tmpact may be obtained by multiplying their

relative velocity before impact by the coefficient of restitution

-21 -
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for e = 0, that is perfectly plastic impact, in this case, va’ = v.’, there
ts no period of restitution, both particles stay together after impact

the total momentum is
MaVa T muve = {my + mp) Vv’

for e = 1, that 1s elastic impact, then
SN @

together with the total momentum equation
mava ¥ mpveg = mava’ + mpve” (b}

it can be solved the total energy of two particles is conserved

eq. (a) vat v = +w (c)

eq. (b) ma{va - V') = ma (s - va) (@)

eq. {c) x (d) ma (Vi - vl = mg (ver? - v}

or CYamav? Y Yamew = Vamave? + Yoamp e

that 13 the total energy before impact is equal the total energy after
impact, in general case of impact, ¢ < 1, the total energy is not conserved,

the energy lost it transformed into heat and plastic deformation |

13.14 Oblique Central lmpact
velocities of the two particles are not directed
along the line of impact

¥ and wg’ are unknowns in direction as well

as in magnitude, so we need four equations to solve

ma¥

t T t

mpYy

¥y

TH a4 ¥
A _22_
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assumne that the particles are perfectly smooth and fricticnless, choosing
n and { axes along the line of impact and common tangent to the surface
of impact, respectively
l.in ¢ direction, the component of the momentum of particles 4 and B
are conserved separately, we have
(¥a): = (va™h and (va) = (va
Z2.1in n direction, the total momentum of two particles is conserved
Mia {Va)e T Ma Vel = Ma{va' ) + ma(va'
3.in n direction, the relative velocity of two particles aller impact is
obtained by multiplying the relative velocity of two particles before impact
by e
(vp'da- = e[(Va)n - (V)]
now, we have 4 equations to solve 4 unknowns (vi'h, (va' ), (ve') and
(va' )

consider some problem for constrained motion

L (v = (W h

2. conservation of momentum in x- direction

LY

Fob!

A Va + Mp (VB}J. = My “_’A, + g (U!-f )x

3. in normal direction

. fra -
;:je —

S Pt

(Vo' Jn- (v = e[(va)n - (v)n)

-23-
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3 equations to selve 3 unknowns {vg’), (V') and vy

to prove statement (3) 1s still valid ["." R At # 0]

for bleck 4, in x-direction

Mava - SPdtcos@ = myu
mati - Y Rdtcos@ = my vy

SRdAt _ w - vy _ {u-vy)cos8

§ Pdt Va - U (va - &) cos A

ty - (Va'ha
(Vh}n - Un

similarly for ball B

(VB'}H - Uy
Un - (Ve

thus, we have (Va' - (va'kh = €[(Va)e - (VB!

e:

13.15 Problems Involving Energy and Momentum

three different methods

1. Newton’ s second law

2. method of work and energy

3. method of impulse and momentum

different methods should be used to solve the different part of a problem

there are some himitation in each method :

method of work and energy can directly calculate velocity, however, it
must sometimes be supplemented by used of T F = m a to determine
acceleration or normal force

method of impulse and momentum to solve problem involving impulsive
force, in this kind of problem, method of work and energy cannot be used,

since impact invelves a lost of energy (plastic deformation)

-4 .
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many problems involve only conservative forces except for a short
impact phasc during which impulsive force act, only the part corresponding
to the impact phase calls for the method of impulse and momentum, the
other parts may usually be solved by method of work and energy, unless the

problem involves the determination of acceleration or normal force

e.g. consider the pendulums 4 and B8

Tupuet:
Consurvation Crreseryation of ot g aii Congervation
af enormy lelative velocites ’ uf ceergy
. i wanm - Y

L

A

A; By

2 F = ma will be necessary if the tension in the cords holding the

pendulums are to be determined

Sample Problem 13-13
my = 20 Mg mg = 35 Mg
va = 0.5 m/s v =0 ve' = 0.3 nv/s

determine e and v’ = U s vy =t
conservation of total momentum "M | BMe
LR ey
nia vy + oM Vs = Pa Ve + onte vy
¥ :1 \-'.'q R s
20x05 +0=20vy + 35x03 —= =
— [7 20t Mg ’7 3% Mg
va = - 0023 m/s — ———— —
WAy v
v - v’ 0.3+ 0.025
e LG = 0.65
Va - Vg 0.5

.25,



Agpplied Meachanics -- Dynamics

Sample Problem 13-14 G
o V. \i
e =0% wall is frictionless

determine the rebound velocity »’

vy, = v oos 30° v = vsin 30°

conservation of momentum in vertical direction

¥

v = w=vsan3it® = 05y

horizontal motion : since the mass of the wall is essentially infinite, and
(¥t 16-considered-fo-bezere hefore and after impact
0-v% =ef{vm-0
Voo = 209y, =-09x0866v = -0779 v —

and v'=0926v & 32.7°

Sample Problem 13-15
My = Mg = W e =09

deternune v’ and vy’

(Va)a = 30 cos 30° = 26 my/s
{va) = 30sin30° = 15 /s
(ve)s = - 40 cos 60° = -20 m/s
(vo)e = 40511 60° = 34.6 m/s

the vertical component of velocity for each ball is unchanged
(va)' = 15m/s ¢ (v’ = 34.6m/s |
in normal direction

ma{vade + e (Vo = ma (vada' + mip (V'

26m - 20m = (vﬁ)n’m_+ (Ve m

-6 -



Applicd Mechanics -- Thynamics

(V™ + {va)a' = 6

I; - IR
(1} PRI P
relative velocity N fl'j:;i_ _‘:i*
'[""H)n:| = (W‘L}n’ =

E[(vh)" - (VBJJ’!] IHI'”‘.':". *
= 0.9[26 - (-20)] = 414 (2)

solve for equations (1) and (2), it is obtained

(va)o = -17.7mis <  (va)’ = 23.7 mis—
then v’ = 23.2m/s N 40.3°

% = FLIWS 2 5567

Sample Problem 13-16

My = FHg = M e =1 no friction

determine v for each ball after impact

sinf = r/2r = 0.5 g = 30"

impulse-momentum for bail A
mvy, + FAar= mv,a.’

in ¢ components :

(VAJ»(: = 0.5 LAY

impulse-momentum for balls 4 and B

Tw ’ ..
l L
— k] L] “.'»-& H'l_ B, 4 M
mvy, + FAl=mvy, + mva \59

5
in X cCOmponents :

0 = m (vak cos 30° - m{vy), sin30° - mwp'

0.5 (va)y” + v’ = 0433 1, {2)

relative velocities along the line of impact

e



Applied Mechanics - Dynantics

(VB_)H, - (V}\}n’ = (V.ﬁ.]n = (Vﬂ}n [e = 1]
ve' sin 30° - (va)," = v cos 30¢
0.5 v - {vak’ = 0.866 1, E)]

solve for equations (2) and (3)
(Vﬁ}ni = -0.352 Vi VH: = 0693 Vo

or v =0721v, f = 46,1°
e, vy = 0.721 v 7 16.1° vg' = 0.693 vy —

note : check the total energy
va't + ow’? = {07217 + 0.6939) vt
= (0.52 + 048) vy’ = v’ [0.K ]

Sample Problem 13-17
my = 30kg my=10kg k= 20kN/m
e =) [perfectly plastic]

dctermine the maximum deflection of the pan

Chanse g drpine 1 Teater Clermse- o sitinan
ard 1evies I e ot e o e,
P . —
ey, =0 r r

J— _ * le.[ltm ‘\Iu di fﬂl’ﬂld.l‘_l.t.‘llt}
2 me- v = 0 ! i J‘_ T - Et;'fp_"ia_- !
e SR IEeea. | v

s . = L8

_i""#“’ 2"‘1@'!'

congider the encrgy for block 4

h+~h=5L+#k
0+ mgx2 = Vam(va)?
(V,a,)z = 6,200 m/s

during impact, conservation of linear momentum

i {1’&)2 + mgp (VB)Z = (ma + my) s [9 =0, (VA)B = (vaj]

-2R -



Apphed Mechamics - Drynarmies

J0x6.26 + 0 = 40,
v = 4.7 m/s

after impact, conservation of energy can be used again

We = kx;
10x981 = 20x 107 x;
X3 = 491 x 107 m
Ti= Ya(my + mp)vi? = 4427
Vi= (Ve + (V) =0+ Ykt = 02417
Ta=0
Vo= (Faa + (Foa = (Wa + Wa)- k) + Yakxi
hi+h=~5L+WV
442 + 0 = - (30 + 10)x9.81 (xe - 4.91 x 10%) + 10° x*
x4 = 0230m
A =2 -x =0225m = 225mm

.29 _



