ERRATA INFORMATION BEER DYNAMICS

Sr. No. | Pg No. Nature of error Error in line Correction
1 809 answers of sample 11 value of t changed from 347 to
problem 13.10 2661.68
change in unit in sample :
2 1059 problem 16.10 last 4 lines kgf to change to N
change in answer : _
3 1059 sample problem 16.10 5th last line Alpha=.075 and not .73
4 1059 SIS 1 EEEOy 5th last line RsSin45 =7.6 and not 73.9
sample problem 16.10
5 1059 SIS 1) EEEOy 5th last line RA= 167.49 and not 141.7
sample problem 16.10
6 765 change in answer of o5 value of N changed from 490 to
sample problem 13.1 490.5
7 767 change in answer of o4 value of N changed from 44488.4
sample problem 13.4 to 45081.53
change in answer : value of Omega BD changed from
8 937 sample problem 15.3 last line 75.18 t0 61.83
change in answer . Omega BD changed from 75.18 to
9 960 sample problem 15.7 line 14 61.83
change in answer . answer of (ap;g)n is changed from
10 960 sample problem 15.7 line 18 1147.36 to 776.06
change in answer . answer of Alpha BD is changed
11 960 sample problem 15.7 Second last line from 94.68 t0120
12 960 change in answer last line answer of ag is changed from
sample problem 15.7 3202.97 to 3889.68
answer of T1 is changed from
13 1088 change in answer line 19 179.8t0192.4

sample problem 17.1

and then T1=1888.3 and not
1763.8




SAMPLE PROBLEM 13.7

The 0.2 kg pe]let is pus]]euf[ against the spring at A and released from rest.
Neglecting friction, determine the smallest deflection of the spring forwhich
the p-e]let will travel around the ]DDP ABCDE and remain at all Hmes in con-

tact with the loop.

SOLUTION

Requilﬂed ﬁlleetl at Point I).  As the Pel]et passes thrmg]'j the lu'gh—
est point D, its potential energy with respect to gravity is maximum and thus,
its kinetic ENETEY and sp-eed are minimum. Since the p-e]let must remain in
contact with the I.GD[.I, the force N exerted on the Pel]et b}f the ]DOP must he
equal to or greater than zero. Setting N = 0, we compute the smallest pos-

- sible speed U
+.LEF,,=ma.,: W= ma, mg = may an =g
w iy,

2
gy =2 th=ra,=rg=(0.5m)(0.81 ms) = 4.905 m¥s>

¥

Position I. Potential Energy.  Denoting b}: x the deflection of the
spring and noting that & = 500 N/m, we write

D Position 2 V., = sha® = § % 500 2% = 250 2%
Choosing the datom at A, we have V, =10 therefore
Vy=V,+V, =250

|

Kinetic Energy. Since the pellet is released from rest. vy = 0 and we

have Ty = 0.

Vy=10

Datum B A WV Position 2. Potential Energy.  The spring is now undeformed: thus
Fosition 1 V. = 0. Since the pellet is 1 m above the datum, we have

V,=Wy=02x 981 X | = 1.962 Nm
Vo=V.+V,=1962 Nm

Kinetic Energy. Using the value of 'D%} ohtained above, we write
Ty = tmuh = 1% 0.2 x 4.905 = 0.4905 Nm

Conservation of Energy. Ap[.rl}-'i.ng the pri.nc:i[.l]e of conservation of
energy between positions 1 and 2. we write

T, +Vy=Ts+ Vs
0 4 250 x* = 0.4905 Nm + 1.962 Nm
r = 0099 m r=0009m <

788



2 SAMPLE PROBLEM 13.7

Th ellet is pushed against the spring at A and released [rom rest.
Negleotmy triction, determine the smallest deflection of the spring for which
the pellet will travel around the loop ABCDE and remain at all tmes in con-
tact with the loop.

SOLUTION

Required Speed at Point D.  As the pellet passes through the high-
est point 1, its potential energy with respect to gravity is maximum and thus,
its kinetic energy and speed are minimum. Since the pellet must remain in
contact with the loop, the force N exerted on the pellet by the loop must be
equal to or greater than zero. Setting N = 0, we compute the smallest pos-

= sible speed vp.
+ | ZF, = ma,: W= ma, mg = ma, i, =g
“-' _9
e = “TD vh = ray = rg €06 m)(9.51 m/s?) = 5.886 %>

Position I. Potential Energ
spring and noting that k =32

Dienoting by x the deflection of the

D Position 2 V, = k2 = 5(525 N/m)® = 262.5 2*

Choosing the datum at A, we have V = 0 therefore

1.2 mC E
0 Kinetic Energy.  Since the pellet is released from rest, ta = 0 and we
i ” have T; = 0.
_ E W Position 2, Potentia nerg_; The spring is now undeformed: thus
e # Pmm{f Ve = (. Since the pel]et is abwe the datum. we have

—‘.Vy
Va=V.+V,

Kinetic Energy. Using the va]ue of v, obtained above, we write

Conservation of Energy.  Applving the principle of conservation of
energy between positions 1 and 2. we write

Tl +1|'r1 = T -+ 1{2
0+ 262.5 1~ = 0.68 + 2.
r=.1135m

A
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SAMPLE PROBLEM 13.10

An antomobile weighing 500 kg is driven down a 5% incline at a speed of
100 kvl when the brakes are ﬁ[.lp]ied, causing a constant total bmki.ng force
(uppl.ied b}-’ the road on the tires) of 6000 N. Determine the time required

for the automobile to come to a stops.

SOLUTION

We nppl}r the principle of impulse and momentum. Since each force iz con-
stant in mﬁgn.itude and direction, each cc-rnespandi.ng impulse iz equn] to the
product of the force and of the time interval ¢.

Wi
D
JE $ S
myy=

mvy + Z Imp,_5 = mvy

+™ components:  mog + (W osin 53¢ — Ft =0
Bmxmﬁ%{?}+(8mx9.815m5°}t—ﬁm=ﬂ t=4158s

SAMPLE PROBLEM 13.11

A 0.1 kg baseball is pitched with a velocity of 25 m/s toward a batter. After
the ball is hit |:-}-' the bat B, it has nve]ocit}-' of 40 ms in the direction shown.
If the bat and ball are in contact 1.015 s, determine the average im}mlsive
force exerted on the ball during the impact.

SOLUTION

We npp]y the Principle of impulse and momentum to the ball. Since the
weight of the ball is a nan.impulsiue foree, it can be neg]ected.

mvi + Z Impy_.z = mvg

%+ x components: —muvy + F_ At = mog cos 407

mvy

407 —0.1 % (25 ? )+ F(0.015) = 0.1 % {40?) cos 40°

F,= +3T004 N

-l—Ty components: 0 +F, &f = muvg sin 407

FH{G.IEIIS]I = 0.1 = 40 sin 40°

F,=+1TL41 N

From its components F, and F, we determine the magnitude and direction
of the force F:
F=40863 N 4 245

809



SAMPLE PROBLEM 13.10

An automobile Weighinis driven down a 5% incline at a speed of
/ @when the brakes are applied, causing a constant total braking force
Y {applied by the road on the tires) nDetermine the time required
57

for the automobile to come to a stop.

SOLUTION

We apply the principle of impulse and momentum. Since each foree is con-
stant in magnitude and direction, each corresponding impulse is equal to the
product of the force and of the tme interval ¢,

Wi

57
mv
F#

Nt

mvy + Z Imp_.y = mvy
+™y components:  muoy + (Wsin 5% — Fr =0

@9.81) (26.7 m/s) + (B818.5 x O.51 sin 57 — G672 =0« = .@

SAMPLE PROBLEM 13.11

A @Rbas_ebﬁll is pitched wit!] a velocity o w cmrs!rd a bal:-ter. fﬁd‘-
ter Hie ball is hit by the bat B, it has a velocity @ @ in the direction
shown. If the bat and ball are in contact 0.013 s, deteTrmne the average im-
pulsive force exerted on the ball during the impact.

SOLUTION

We applv the principle of impulse and momentum to the ball. Sinee the
weight of the ball is a nonimpulsive force, it can be neglected.
mvy + Z Impi_z = mvz

=& ¥ components: —muy + F, At = muy cos 40°
Mya

40°=T12 % 9.81 N} (24.4 m/s) + Fy(0.015 s) = (.12 % 9.81 N)(36.6 m/s) cos

F, A¢ F, = +4115.3 N
+ Ty components: 0+ Fy At = mog sin 40°

F,(0.015 5) = (.12 X 9.81 N)(36.6 m/s) sin 40°

Fy, = +1846.3 N

From its components Fy and F, we determine the magnitude and direction of
the force F:

F = 45105 N = 2427
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SAMPLE PROBLEM 14.5

In a game of billiards. ball A is given an initial velocity vy of magnitude vy =
3 mfs along line DA parallel to the axis of the table. It hits ball B and then
ball C.which are both at rest. Knowing that A and C hit the sides of the table

squarely at points A" and O, respectively, that B hits the side obliquely at
B', and assuming frictionless surfaces and pet{ecﬂy elastic impacts, deter-
mine the velocities vy, vy, and v with which the balls hit the sides of the
table. (Remart:. In this Sﬁ]‘l‘l[}]E Pmblem and in several of the Problems which
follows, the billiard balls are assumed to be particles moving freely in a hori-
zontal [.II.BI'I.E, rather than the ml]ing and s]iding s[.lheres t]}ey n.ctuﬁll}r n:ne:l

SOLUTION

Conservation of Momentum. Since there is no external force, the

initial momentum mwvg is equipcr]lent to the svstem of momenta after the two
collisions (and before any of the balls hits the side of the table). Refening ti
the ndj-:ri.ni.ng sketch, we write

1 components: mid m's) = miog), + mog i1
+Ty components: 0 = muos — mlvgly (2
+% moments about O: —(0.5 mlm(3 mfs) = (2.5 mmeo,

— (2 mjmivgl, — (1 mlmog  (3)

Solving the three equations for va. (vg)y, and (vgly, in terms of ve,
va=lvply=2vc—3 (eph=3-—uc (4)

Conservation of Energy.  Since the surfaces are frictionless and the
impacts are Perfec'tl}r elastic, the initial kinetic ENEeTTy Slrmu% is equn] to the
final kinetic energy of the svstem:

Fmvg = gmavi + Tmpvd + dmcve
i+ (op) + (op) + o= (3 = (5)
Substituting for va, (vg).. and (vg), from (4) inta (5), we have
22 — 3P+ B3 —vef+ i =9
100E — 30ve + 18 =0

Solving for e, we find ve = 0.53 mfs and ve = 2.17 m's. Since only the
first root }-'ie]ds a positive value for Uy after substitution into Eqs. (4], we con-
clude that ve = 2,17 m's and

g = (‘I.'-‘B:l.g- = 1.38 m's (vgl, = L83 mss

%]

i

-1
-
g

L, m
va=135 — 1  vp—420 — T5508° v —:

o]

879
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SAMPLE PROEBLEM 14,5

along line DA parallel to the axis of the table. Tt hits ball B and then

= which are both at rest. Knowing that A and C hit the sides of the table
squarely at points A’ and C°. respectivelv. that B hits the side obliquely at
B’ and assuming [rictionless surfaces and perfectlv elastic impacts, deter-
mine the velocities va. vg, and ve with which the balls hit the sides of the
table. (Remark. In this sample problem and in several of the problems which
follew, the billiard balls are assumed to be particles moving freely in a hori-
zontal plane, rather than the rolling and sliding spheres they actually are.)

In :. iame of billiards. ball A is given an initial velocity v, of magnitude ¢y =

SOLUTION

Conservation of Momentum. Sinee there is no external force, the
initial momentum mvy is equipollent to the svstem of momenta after the two
collisions (and before any of the balls hits the side of the table). Referring to
the adjoining sketch, we write

£ x components: @mﬁs o).+ mi>> i
+1y components: i2)
+5 moments ahout G

0 mm (305 mis) =
— (2.13 m)m(ca)y,

(244 m)mug
— (89 ml

Solving the three equations for va, (vgl,. and (vp), in terms of v,

v = (vg), = (vg), ﬂ'c i4)

Conservation of Energy.  Since the surfaces are frictionless and the
impacts are perfectly elastic. the initial kinetic energy —mt% is equal to the
final kinetic energy of the svstem:

Lo = fmged + Imgod + fmoed
o2 + (uﬂ:uz + (og)2 + 02 =CT05 A (5)

Substituting for va, (0g),. and (vg), from (4) into (3), we have

2290 — 597 + (3.05 —ve)® + 0g =93
18.820¢ — 745400 + 69.62 =0

Solving for ve, we find oo € 245 s and vp = Since only the
first root vields a positive value [5TT, after substitutionmto Eqs. (4), we con-
clude that ¢ =:md

-\.B_?

= 1.205 m/st

879

=—20(245) —59=1205mfs  (vg) = am:vﬁm\
vp=1346 s G 634° vg=245mis—> 4



SAMPLE PROBLEM 14.6

Crain falls from a ]'.ID[.IPE]‘ onto a chute CF at the rate of 100 kgfs. It hits the
chute at A with a velocity of 6.0 m/s and leaves at B with a velocity of 4.5
m/s, forming an angle of 107 with the horizontal. Knowing that the combined
weight of the chute and of the grain it supports is a force W of magnitude
2500 N np[.rl.ied at (3, determine the reaction at the roller support B and the
components of the reaction at the ]'ji.nge [

SOLUTION

We npp]y the [Jrinm'[.lle of impulse and momentum for the time interval A¢
to the system consisting of the chute, the grain it supports, and the amount
of grain which hits the chute in the interval At. Since the chute does not
move, it has no momentum. We also note that the sum Zma; of the mo-
menta of the }mrﬁcles suppurted b}-’ the chute is the same at ¢ and ¢ + Af and

can thus be omitted.

L
iﬂ.rrl:'v;—__?_

Since the system formed by the momentum [(Am)vs and the impulses is
equipnllent to the momentum {ﬁm}lvﬂ, we write

<+ x components: . Af = (Amvg cos 107 i)
+T i components: —(Amv, + Cy Af— WA+ B At

= —(Am)vg sin 107 (2)
+% moments about C: —1liAmlo, — 2.5(W At) + 4(B At)

= 2Am g cos 10° — 4{Amjvg =in 107 (3)

Using the given data, W = 2500 N, vy = 6 m/s, vg = 4.5 m/s, and Am /At =
100 kg/s and solving Eq. (3) for B and Eq. (1) for C,.

4B = 2.5 % 2500 + (400)(6) +
2(100)(4.5)(cos 107 — 2 sin 107)
B =1855894 N B=155594N1 4

O, = (100){4.5) cos 107 = 443,16 N C,=44316 N — 4
Substituting for B and solving Eq. (2) for C,,

€, = 2500 — 1585594 + (100)(6 — 4.5 sin 107)
C,=116592 N 1 <

891



SAMPLE PROEBLEM 14.6

Grain falls from a hopper onto a chute CB at the rate o 105.56 o/, It hits
t! i chute at A with a velocity of 6.09 m/s and leaves at B With a velocity of
hitie

/s, forming an angle of 107 with the horizontal. Knowing that the com-

d weI'I it of the chute and of the grain it supports is a force W of mag-
nitudeQ668, DN applied at G, determine the reaction at the roller support

B and the components of the reaction at the hinge C.

SOLUTION

We apply the principle of impulse and momentum for the time interval As
to the svstem consisting of the chute, the grain it supports, and the amount
of grain which hits the chute in the interval A¢. Since the clute does not
move, it has no momentum. We also note that the sum Emgyv; of the mo-
menta of the particles supported by the chute is the same at ¢ and ¢ + At and
can thus be omitted.

[ﬂm]vsh__?h

Since the system formed by the momentum (Amva and the impulses is
equipollent to the momentum (Am)ve, we write

+ x components: . At = (Amivg cos 107 i1
+1 y components: —(Amloy + C, At — W At + B At
= —{Am)vg sin 10° (2]

+5 moments ahout C: i m s — 2.130W Ar) + 3.66
= Amog cos 107 — 3.66( Am)og si =
Using the given data, W=, Ua mr's, Um =@m’s, and

Am /At =CT05.8Dkg/s and solving Eq. (3) for B and Eq. (1) for C..

1668 = 2.13(2665.9) + O(108.86)(6.00) +
LE(108.86)(4.57)(cos 107 — 2 sin 10°)
3668 = 6552.206 B=157T22 N B=15722N 1T 4

C, = (10886)(4.57) cos 10° = 4809 N  C, =4500 N — 4
Substituting for B and solving Eq. (2) for C,

C, = 26659 — 18722 + (108.86)(6.09 — 4.57 sin 10%) = 1373 N
C,= 13733 N T «
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(apl, = 0.9 m/s2

D {aply= 0.25 ms2

ip

SAMPLE PROBLEM 151

Load B is connected to a double pulley by one of the two inextensible cables
shown. The maotion of the [_.IU][E}"iS controlled b}r cable C, which has a constant
acceleration of 0.25 m's® and an initial ve]oc:ity of L3 m's, both directed to
the rig]'jt. Determine (a) the number of revolutions executed b}r the pulley
in 2 s, (k) the ve]ne:ity and c:]'mnge in position of the load B after 2 s, and (2]
the acceleration of point D on the rim of the inner pulley at ¢ = 0.

SOLUTION

a. Motion of Pu]le:!.', Since the cable is inextensible, the ve]ne:ity of
point I is equal to the velocity of point C and the tangential component of

the acceleration of D is equal to the acceleration of C.
ivplo = (velp = 0.3 mfs — iapl = ac = 0.25 m/s® —
Noting that the distance from D to the center of the pulley is 3 in., we write

lvpln = rwg 0.3 m's = (0.1 m)eaq wg =3 rad's )
lapl = ro 0.25 m/s® = (0.1 m)a a =25 radis? )

Using the equations of uniformly accelerated motion. we obtain, for t =2 s,
w = wy + at =3 rad’s + (2.5 rad/s®)(2 5) = 8 rad’s

w = 5 rads)
g8 = wqt + é—utﬂ' = (3 rads)(2 2) + %{2.5 rad/s?i 2 50 = 11 rad
#=11rad)
1 rev
Number of revolutions = (11 rﬂd)( Y ) =175rev 4

b. Motion of Load B.  Using the following relations between linear
ani ﬂngulﬂr motion, with r = 0,15 in.. we write

vg = rw = (0,153 m)(8 rads) = 12 m/s vg=12ms T 4
Ayp = vl = (0,15 m)(11 rad) = 1.65 em Ayr = 1.65m 11}_m'-.1rd 4

c. Acceleration of Point D at t = 0. The tangential component of
the acceleration is

(ap), = ag = 0.25 m/s® —
Since, at t = 0, wy = 4 rad’s, the normal component of the acceleration is
lap), = rDm% = (0.1 m)(3 radis)® = 0.9 ms> lap), = 0.9 m/s .],
The magnitude and direction of the total acceleration can be obtained by
writing

tan & = (0.9 m/s5) /(0,25 ms®) ¢ = T4.45°
ap sin T4.458° = 0.9 m/s> ap = 0.93 m/s®
ap = 0.93 m/s®> 5 T4.45° <

923



{apl, m.-"sﬂ

SAMPLE PROBLEM 15.1

Load B is connected to a double pulley by one of the two inextensible cables
shown. The motion of the Eulley is controlled by cable C. which has a constant
acceleration ns and an initial velocity nm.-"s, both directed
to the right. Determine (a) the number of revolutions executed by the pul-
ley in 2 s, (B) the velocity and change in position of the load B after 2 s, and
ic) the acceleration of point I on the rim of the inner pulley at ¢ = 0.

SOLUTION

a. Motion of Pullev.  Since the cable is inextensible, the velocity of
point D is equal to the velocity of point € and the tangential component of
the acceleration of I is equal to the acceleration of C.

vplo = (vglo = Yirs —s (ap) = ac = @cma’sﬂ —

Noting that the distance from D to the center of the pulley is 3 in., we write

(tply = rog s = T2 crmlin wy = radss )
(apl = ro m 5o T.E2 emlo o= drs® J

Using the equations of uniformly accelerated motion, we obtain, for¢ = 2 s,

w = wy + ot = 4 rad’s + (3 rads?(2 5) = 10 rad/s
w = 10 radss )
6 = wot + o> = (4 rad/s)(2 s) + =(3 rads>)(2 5)* = 14 rad
0 =14 rad J

1 rev
Number of revolutions = @'ad)( Ey— ) ='ev 4

L. Motion of Load B, Using the following relations between linear
and angular motion, with r @n., we Write

vp = rw = (12.7 cm)(10 rad/s) = 127 cm/s vg= 12T cm/sT
Ayg = rf = (12.7 cm)(14 rad) = 177.8 emAyy = 177.5 em upward

o, Acceleration of Point D at + = 0. The tangential component of

the acceleration is
iap), = ac @» miss —»

Since, at ¢ = 0. wy = 4 radds, the normal component of the acceleration is

(apls = rpws = (7.62 em)j(4 radis)® = 30.48 em/s” {apl, = 3045 cm/s 1

The magnitude and direction of the total acceleration can be obtained by
writing

tan ¢ = (30,48 em/sT)/ (22,8 emisT) b = 53.27
i 5in|53.2° = 30,45 cm/s ip = 38 cm/s
ap = 35 cm/s® 5 53.2° | 4
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43.2 cm

rp= 20.3i + 35.6j
rp= —43.2i + 43.2j
Fpyp = 30.51 + 7.6§

SAMPLE PROBLEM 15.8

The linkage ABDE moves in the vertical plane. Knowing that in the position
shown crank AB has a constant angular velocity @y of 20 rad/s counter-
clockwizse, determine the ﬁngu]ﬂr velocities and ﬂngulﬂr accelerations of the
connecting rod BD and of the crank DE.

SOLUTION
This pmblem could be solved by the method uzed in Sﬂmple Prob. 15.7. In

this caze, however, the vector npprmnh will be used. The position vectors rg,
. and DR are chosen as shown in the sketeh.
Velocities,  Since the motion of each element of the ]i.n]mge is con-
tained in the plane of the figure, we have
g = WAB]‘ = {2{] rad’s }]'E Mpn = ﬂ.IBD]'E Wnp = IﬂDE]'E
where k is a unit vector pointing out of the paper. We nowy write
vo = Ve t vosE
mDEk Y rp = WAB]‘ s g + ﬂ.IBDk Y l‘Dl..rB
wprk X (—43.2i + 43.2j) = 20k x (20.3i + 35.1j) + wepk X (30.51 + 7.6§)
—43.2wpg) — 43 2wpEi = 406) — T12i + 30.5wgpj — T.6wgpi
Equating the coefficients of the unit vectors i and j, we obtain the following
toro sealar equations:
_43,2&]m = _712 - T‘&HBD
—43.2wpg = +406 4+ 30.5wpn
wpp = —(20.34 rad’s)k wpg = (11.32 rads)k
Accelerations.  Noting that at the instant considered crank AB has a
constant angular velocity, we write
aap =1 agp = appk apg = apek )
ap = ag + ap;z
Fach term of Eq. (1) is evaluated sepﬁmtel}-":
ap = apek X rp — whErp
= apgk X (—43.2i + 43.2j) — (11.32)% —43.2i + 43.2§)
= —432xpg) — 43.2epgi + 5535.751 — 5535.75)
ag = aapk X rg — wiprg = 0 — (20)%20.3i + 35.6j)
—R120i — 142404
apse = appk X rpm — tﬂ%nl‘nm
= agpk X (3051 + 7.6)) — (209.34)%(30.51 + 7.6))
= 30.53appn] — 7.6appi — 2625551 — 6542.35)
Subsﬁtuting into Eq. (1) and equating the coefficients of i and j. we ohtain
_43..EIIDE + T.BIIBD = _3991 1.25
—432apE — 3.5app = —13246.6
app = — (64737 rad's®k  apg = (510 rad’s>)k <
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432 cm

E

Y0f3cm W0Sem | 432cm

rgp = 20.3i+ 35.6)
rp= —43.2i+ 43.2§
I'myg ™= 30.51 + Tﬁj

SAMPLE PROBLEM 15.8

The linkage ABDE moves in the vertical plane. Knowing that in the position
shown crank AB has a constant angular velocity e of 20 rad’s counter-
clockwise, determine the angular velocities and angular accelerations of the
connecting rod BD and of the crank DE.

SOLUTION

This problem could be solved by the method used in Sample Prob. 15.7. In
this case, however, the vector approach will be used. The position vectors rg,
vy and rpsg are chosen as shown in the sketch.

Velocities,  Since the motion of each element of the linkage is con-
tained in the plane of the figure, we have

Wap = mA_Bk = (20 l"ad.-"s)k pn = mBDk e = QJDER
where k is a unit vector pointing out of the paper. We now write

Vp =Veg T Voss

mDEk x D= &JAB]i X g + X Lyaly:]
wppk X (—43.2i + 43.2§) = 20k X (20.3i wgpk X (30,51 + T.6j)
—43.2@pgj — 43 20pgi = 406j — T12i + 30.5wgpj — 7.6wgpi

Equating the coefficients of the unit vectors i and j, we obtain the following
two scalar equations:

_43‘2mDE - _T12 - T.ﬁfﬂBD

wep = —(28.34 radsik WpE «

Accelerations.  Noting that at the instant considered crank AB has a
constant angular velocity, we write

tap =0 app = agpk ape = apgk
ap = ag + Ap/E

Each term of Eq. (1) is evaluated separately:

ap = apek X rp — WHErp
= apek X (—43.2i + 43.2j) (21641 i+ 43.2))
—432appj — 43.2apgi
ag = aapk X rg — &J‘%BI‘B =10 — (2
= —8120i — 14240j
Apsp = appk X rpmp — m%DrD,.I'B
= agpk X (3051 + 7.6)) — (20.34)7(30.5i + 7.6j)
= 30.5appj — T.Bagpi — 26255.5i — 6542.35]

Substituting into Eq. (1) and equating the coefficients of i and j, we obtain

_43‘2aﬂ.‘E + T.&I’BD =
— A3 9% — A0 Svgy, € — 41 5
tgp = +(705.2 rad/s™)k ior = (451.5 rad/s® )k |
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SAMPLE PROBLEM 16.1

When the forward speed of the truck shown was 9.1 m/s, the brakes were
suddenly applied. causing all four wheels to stop rotating. It was observed
that the truck skidded to rest in & m. Determine the magnitude of the nor-
mal reaction and of the friction force at each wheel as the truck skidded to

rest,

SOLUTION

Kinematics of Motion.  Choosing the positive sense to the right and
using the equations of uniformly accelerated motion, we write

To=+91lmis © =b5+ 2%  0=(9.1"+ 236
7= —69mis 0= 69mite

Equations of Motion.  The external forces consist of the weight W of
the truck and of the normal reactions and friction forces at the wheels. {The
vectors Ny and Fy represent the sum of the reactions at the rear wheels,
while Ng and Fg represent the sum of the reactions at the front wheels.)
Since the truck is in translation, the effective forces reduce to the vector ma
attached at G. Three equations of motion are obtained by expressing that the
system of the external forces is equivalent to the system of the effective forces.

+|ZF, =Z(F)u: Na+Ng—W=0

Since Fa = Ny and Fgp = peNg, where py. is the coefficient of kinetic
friction, we find that

Fa + Fg = pgiNy + Np) = i, W

—-'-}EFI = E{ijuﬁ': _(FA =+ F_g] = —mﬁ
— W= — 9.51mr ———— (.9 mi)
e = 0.703
+EM, = Z(My e —Wi(L5 m) + Ng(3.6 m) = ma 1.2 m)
—Wi(l.5 m) + Ng(3.6 m) = 5 E;’LSE (6.9 m/s") 1.2 m)

Ng = 0.651W
Fg = pNg = (0.703)(0.650W) Fgp = 0455W

+HEF, =Z(F ) Na+tNpg—W=0
Ny + 0650W — W =0
N, = 0.350W
Fay = N = (0.703)0.350W) Fy = 0.246W

Reactions at Each Wheel.  Recalling that the values computed above
represent the sum of the reactions at the two front wheels or the two rear
wheels, we obtain the magnitude of the reactions at each wheel by writing

Neom = SNp = 0325W N = 1N, = 0.175W 4
Fone = 3Fa =0.220W  F.,, = 3F, = 0123W <



SAMPLE PROBLEM 16.1

When the forward speed of the truck shown was 9.1 m/s, the brakes were
suddenly applied. causing all four wheels to stop rotating. It was observed
that the truck skidded to rest <®I etermine the magnitude of the nor-
mal reaction and of the friction force at each wheel as the truck slidded to
rest,

SOLUTION

Kinematics of Motion.  Choosing the positive sense to the right and
using the equations of uniformly accelerated motion, we write

To=+91ms T =te+2% 0=(9.1°+ 246
7= —6.9 miE o= 69 mis—

Equations of Motion.  The external forces consist of the weight W of
the truck and of the normal reactions and friction forces at the wheels. (The
vectors Ny and F, represent the sum of the reactions at the rear wheels,
while Ny and Fp represent the sum of the reactions at the front wheels.)
Since the truck is in translation. the effective forces reduce to the vector ma
attached at G. Three equations of motion are obtained .I;F expressing that the
system of the external forces is equivalent to the system of the effective forces.

HEF, =EF,)q: Ny +Ng—W=0

Since F, = w,N, and Fg = pNg, where gy is the coefficient of kinetic
friction, we find that

Fy + Fp = pp(Ny + Np) = p, W

A3F, = X(Fur:  —(Fa + Fg) = —ma
W
S G
e = 0.703
1 EMy = E(My)egr:  —WI(L5 m) + Ng(3.6 m) = ma1.2 m)
W
—~W(L.5 m) + Ng(3.6 m) =9 m/s3)( 1.2 m)
522 f/s
Ny = 0.650W

Fg = pNg = (0.703)(0.6500W) Fg = 0.456W

HEF, =E(Fler: Na+Ng—W=0
Ny + 0650W — W =0
N, = 0.350W
Fy = pNy = (0.703)(0.350W)  Fy = 0.246W

Reactions at Each Wheel. Recalling that the values computed above
represent the sum of the reactions at the two front wheels or the two rear
wheels, we obtain the magnitude of the reactions at each wheel by writing

Neome = 2Ng = 0.325W  Npwyr = 1Ny = 0.1T5W 4
From = 3Fg = 0.228W Frowe = 3F4 = 0.123W



SAMPLE PROBLEM 16.3

A pulley weighing 6 kg and having a radius of gyration of 0.2 m is connected
to two blocks as shown. Assuming no axle friction, determine the angular
acceleration of the pulley and the acceleration of each block.

SOLUTION

Sense of Motion.  Although an arbitrary sense of motion can be as-
sumed (since no friction forces are involved) and later checked by the sign
of the ANSWer, we may prefer to determine the actual sense of rotation of the
pul]ey first. The weight of block B nequinecl to maintain the equ.ilibrium of
the pu]]ey when it is acted upon |:-}r the 2.5 ]cg block A is first determined.

We write

+HiZMg =0 Wg(0.15 m) — (25025 m] =0 Wg=4.16gN or
mp = 4.16 kg

Since block B actually weighs 5 kg, the pulley will rotate counterclockwise.
Kinematics of Motion.  Assuming e counterclockwise and noting that
aa = rac and ag = rea, we obtain

as = (025 mla T ap = (0,15 m)e |

Equations of Motion. A s:ing]e system consisting of the [.mlley and
the two blocks is considered. Forces external to this system consist of the
weights of the pulley and the two blocks and of the reaction at G. (The forces
exerted by the cables on the pulley and on the blocks are internal to the sys-
tem considered and cancel out.) Since the motion of the pulley is a centroidal
rotation and the motion of each block is a translation, the effective forces re-
duce to the conple T and the two vectors may and mag. The centroidal mo-
ment of inertia of the pulley is

I=mk*= 6kg (0.2 m)® =024 kgm®

Since the svstem of the external forces is equ.i}mﬂent to the svstem of the ef-
fective forces, we write

+EMo = Z(Mc) e

5g (015 m) — (25 g) (025 m) = + Ia + mpag(0.15 m) + maas(0.25 m)

5(9.81)(0.15) — (25)(9.81)(0.25) = 0.24a + 5(0.15a)(0.15) + 2.5(0.254)(0.25)
= o (024 + 0.1125 + 0.15625)

a = 241 rad/s® a=24mdls®y
as = race = 0.25 % (241 rad/s) as = 06 mis T
ap = rga = (.15m) (2.41 rndfsﬂ') ag = 0.36 m/s® ] 4
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SAMPLE PROBLEM 16.3
A pullev weighing and having a radius of gyration g is con-

nected to two blocks as shown. Assuming no axle {riction, determine the an-
mular acceleration of the pulley and the acceleration of each block.

SOLUTION

Sense of Motion.  Although an arbitrary sense of motion can be as-
sumed (since no friction forces are involved) and later checked by the sign
of the answer, we may prefer to determine the actual sense of rotation of the
pulley first. The weight of block B required to maintain the equilibrinum of
the pulley when it is acted upon by thg block A s first determined.

We write

[+52ZM-=0:  Wg(15.2 cm) — (227 ko)(25.4 cm) = 0 Wy = 3.79 kd

Since block B actually weighs 4.5 kg, the pulley will rotate counterclockwise.
Kinematics of Motion.  Assuming e connterclockwise and noting that
iy = ryoe and ag = rgoe, we obtain

ay m)aT ag Dm)a l

Fouations of Motion. A single system consisting of the pulley and
the two blocks is considered. Forces external to this system consist of the
weights of the pulley and the two blocks and of the reaction at G. {The forces
exerted by the cables on the pulley and on the blocks are internal to the sys-
tem considered and cancel out. ) Since the motion of the pulley is a centroidal
rotation and the motion of each block is a translation, the effective forces re-
duce to the couple o and the two vectors may, and mag. The centroidal mo-
ment of inertia of the pulley is

I=mk®= 544 kg (20.3 kg)® = 2241.77 kg - em?

Sinece the system of the external forees is equipollent to the svstem of the ef-
fective forces, we write

(45 kg)(15.2 cm) — (227 kg)(25.4 cm) = +lax + mgag(15.2 cm) + myay 254 cm)

(45)(15.2) — (2.27)(25.4) = 2241.TTar + 4.5(152a)(15.2) + 2.27(25.4a)(25.4)

a = +443.55 rad/s” a = 443.55 rads®y o
Ay = rac = (25.4 cm)(443.55 rad/s®) a, = 11266.17 cm/s® T«
ag = rga = (15.2 cm){443.55 rad/s%) ag = 674196 cm/s” |
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SAMPLE PROBLEM 16.7

A 0.3 X 0.4 m rectangular plate weighing 50 kg is suspended from two pins
A and B. If pin B is suddenly removed, determine (a) the angular accelera-
tion of the plate, (b) the components of the reaction at pin A, immediately
after pin B has been removed.

SOLUTION

a. Angular Acceleration.  We observe that as the plate rotates about
point A, its mass center G describes a circle of radins ¥ with center at A.

Since the plate is released from rest (@ = 0), the normal component of
the acceleration of (- is zero. The magnitude of the acceleration a of the mass
center G is thus @ = Fee. We draw the diagram shown to express that the ex-
ternal forces are equivalent to the effective forces:

+JEM, = Z(Ma o Wz = (ma)F + la
Since @ = ra, we have
= Wx

Wr=mira)r + la o= ——"T_" (1)
w2+ 1

The centroidal moment of inertia of the plate is

I= %(az +07) = %[(0-3 m)* + (0.4 m)?]

= 1.042 kg m*

Substituting this value of together with W= (50)(9.581) N, ¥ = 0.25 m, and
x =02 m into Eq. (1), we obtain

a = + 23.54 rad/s® o = 2354 radis ]
b. Reaction at A, Using the computed value of a, we determine the
magnitude of the vector ma attached at G.

ma = mra = (50 kg) (0.25 m)(23.54 rad/s”) = 294.25 N

Showing this result on the diagram, we write the equations of motion
BEF, = Z(Fyerr: A, = —£(294.25 N)
= —176.55 N A, = — 17655 N — <
ISP, = S(F,)ur: A, — 50(9.81) N = —429425 N)
A,=2551N A, =2551N| 4

The couple Tev is not involved in the last two equations; nevertheless, it should
be indicated on the diagram.
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SAMPLE PROBLEM 16.7

Acm rectangular plate weighingis suspended from two

pins A and B. If pin B is suddenly removed, determine {(a) the angular ac-
celeration of the plate, (&) the components of the reaction at pin A, imme-
diately after pin B has been removed.

SOLUTION

a. Angular Acceleration.  We observe that as the plate rotates about
point A, its mass center & describes a circle of radius 7 with center at A.

Sinee the plate is released from rest (@ = 0), the normal component of
the acceleration of G is zero. The magnitude of the acceleration @ of the mass
center 3 1s thus & = Fae. We draw the diagram shown to express that the ex-
ternal forees are equivalent to the effective forces:

+)EM, = Z(M,y ) W = (mar + la

Since @ = rox, we have

Wr=mrar+Ila a= - (1)

The centroidal moment of inertia of the plate is

—_E 2 2. _ 272kg
I=1gl+b)= 12

= 1457.76 kg cm®

Substituting this value of I together with W = 266,58 N. 7 = 12.7 em, and
¥ =10.2 cm into Eq. (1), we obtain

a = r‘sau:i;"s2 o= -.ule"sz ]

b. Reaction at A, Using the computed value of a, we determine the
magnitude of the vector ma attached at G.

[(20.3 em)* + (15.2 cm)]

[ ma = mra = 27.2 kg (12.7 cm)(.466 rad/s™) = 1.6 N|

Showing this result on the diagram, we write the equations of motion

KIF, = Z(Fy)ar: Ay=—316N)= 96 N
= —266.5 N A =06Ne <«
+1ZF, = Z(F les: | A, — 2668 N = —4(1.6 N)
Ay = 2655 N A, =2655N1 <

The couple Ta is not involved in the last two equations: nevertheless, it should
be indicated on the diagram.
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SAMPLE PROBLEM 16.10

The extremities of a 1.2 m rod weighing 22.7 kg can move freely and with
no friction nll:rng toros stmig]'jt tracks as shown. If the rod is released with no
ue]De:it}r from the position shown, determine (a) the u.ngu]nr acceleration of

the rod, (b) the reactions at A and B.

SOLUTION

Kinematics of Mobtion.  Since the motion is constrained, the acceler-
ation of & must be related to the ﬁngu]ﬁr acceleration . To obtain this re-
lation, we first determine the mﬂgn.itude of the acceleration a, of point A in
terms of a. J’Lssum.ing that e is directed countercloclwise and noting that
apsa = dee, we write

ag = iy + RB;A
[ap =% 45°] = [aa—] + [4a & 6G07]

Noting that & = 75 and using the law of sines, we obtain
ay = 546 ag = 4.890q
The acceleration of @ is now ohtained b}r writing

a=ag=a, +agu
a = [5.46a —] + [2a F 607]
Resolving @ into x and y components, we obtain

a, = 5.46a — Za cos 607 = 4 46
E_,; — 2 sin B0 = —1.73%

7, = 4.46a —
ay = 1.732a |

Kinetics of Motion.  We draw a free-body-diagram equation express-
ing that the system of the external forces is equivalent to the e system of the
effective forces m[_.rresented by the vector of components mam and mab, at-
tached at 0 and the couple Iee. We compute the following magnitudes:

I=4mP= —EETkg(lEm =27kg - m®  la=27a

ma, = 22.7 kg (4.46a) = 101 24a —22.7 (1.732a) = —39.3a

ma,
Equations of:‘l-fofl'on

+NEMg = Z(Mg) 4

(22.7)(.53) = (101.24a)(1.36) + (39.3a)(.53) + 2.7a
a=0075rads® @=0075ad]
HIF, = Z(F,).g:  Bpsin45° = (101.24)(73) = T6 N
Bp=T8N Rz=T76N_ 45° <
+1ZF, = Z(F, oy R, + Ry cos 457 — 222,70 = —(39.3)(.73)

Ry =—257—5226+ 2227 = 167489 N Ri=16T40NT <
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SAMPLE PROBLEM 16.10

The extremities of a 1.2 m rod weighing 22.7 kg can move freely and with
no friction along two straight tracks as shown. If the rod is released with no

velocity from the position shown, determine (a) the angular acceleration of
the rod, (b) the reactions at A and B.

SOLUTION

Kinematics of Motion.  Since the motion is constrained. the acceler-
ation of G must be related to the angular aceeleration «. To obtain this re-
lation, we first determine the magnitude of the acceleration a, of point A in
terms of a. Assuming that o is directed counterclockwise and noting that
s = 4o, we write

ap = a4 + agga
[y =B 457 = [y —] + [da & 607

Noting that ¢ = 75° and using the law of sines. we obtain
da = 3.460 ag = 4.90a
The acceleration of G is now obtained by writing

A =ag =04 + g
A= [5.46a —] + [2a 77 60°]

EResolving @ into x and y components, we obtain

i, = 3460 — 2o cos 60° = 4.46a a, = 4.46a —
ay; = —2a sin 60° = —1.732a a, = 1.732a |

Kinetics of Motion.  We draw a free-body-diagram equation express-
ing that the svstem of the external forces is equivalent to the svstem of the
effective forces represented_by the vector of components ma, and ma, at-
tached at & and the couple Tee. We compute the following magnitudes:

_ 1 _
I=4mi®= F2Tkg(l2mP=27kg- m®  Ja=2Ta

mi, = 22.7 kg (4.46a) = 101.24a may = —22.7 (1.732a) = —39.3a

Equations of Motion

+WEME = E(ME)Eﬁ-
(22.7)(.53) = (101.24a)(1.36) + (30.3a)(.53) + 2.7a
a= 0075 rads®  a=0075rads>

LEF, = Z(Far: B sin 45° = (101.24)(.73) = 7.0zD
Rz =T. Rp = 7.0gD45° 4

+1ZF, = Z(F)us:  Ba + Rp cos 45° — 22230 = —(39.3)(.73)
Ra = —25.7 — 52.96 + 222.7 = 16'?.4 Ry = ].67.491' <
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