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Chapter 12 Kinematics of a particle

12.2 Rectilinear kinematics

_ds
YT
_dv
“Ta

Velocity as function of time:
a. : constant acceleration

/dv:/acdt

Position as function of time:

/ds = /(vo + a.t)dt

Velocity as a function of position:

/vdv = /acds

12-18.

The acceleration of a rocket traveling upward is given by
) s A

a = (6 + 0.02s) m/s®, where s is in meters. Determine the

time needed for the rocket to reach an altitude of
s = 100 m. Imtially,v = Oand s = O when 1 = (.

SOLUTION

ads = vdv

-£I{f\ b 002 5) ds [p(r,-

1
65+ 00152 = ;;-’
vr=WVI12s + 0.02 5

ds = vl

1 1
j.
[ % = ]‘[{
Jo 125 + 0.02 & 0

- =100
1 5 12 =
In| V12s + 0,025 + s\/0.02 + J t
0.02 L 2V 0.02 o
1=3562s Ans.

Figure 1: Exercise of section 12.2

12.7 Curvilinear motion: Normal an Tangential components

2

Ap — —
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12-138.

The motorcycle is traveling at 40 m /s when it is at A. If the
speed is then decreased at & =— (.05 §) m/s?, where & is in
meters measured from A, delermine its speed and
acceleration when il reaches B,

SOLUTION

Velocity. The veloeity of the motoreycle along the circular track can be determined
by integrating wdv = ags with the initial condition v = 40m/sals = . Here,

a; = —(05s,
&
/‘1} wdy = [ —00.05 sds
SAmgs i

2|

&
> 002552}

A0 m /s

o= | V1600 — 005} m/s

ALB s =l 15{](%) Slar m. Thus

v = V|isiem = V1600 = 0.05(50m)° = 1914 m/s = 191 m/s Ans.

Aceeleration. AL B, the tangential und normal components are

ap = 005(50m) = 2.5 mfs’

vl 19147
o =5 150 2.4420 m /<"

Thus, the magnitude of the sceeleration is

a = Vaj + a5 = V(2.57) + 24420° = 8249 m /s’ = 822 m/x Ans.

And its direction is delined by angle ¢ measured (rom the negative faxis, Fig, a.

i 2.4420
¢ = tan I(i) tan 1( > S )

17.27° = 17.3° Ans.

Figure 2: Exercise of section 12.7

12.8 Curvilinear motion: Cylindrical components
V= Uply + Vply
Vp =T
Vg — Té
a, = it — r?

ag = r0 + 270



12-173.

Determine the magnitude of the aceeleration of the slider
blocks in Prob. 12-172 when 6= 150"

} 600 mm } |

1
200 mm

SOLUTION

Acceleration. Using the chain rule, the first and second lime derivatives of r can be
determined

r=20002 — cos 8)
r =200 (sin 8)8 = {200 (sin )8} mm/s
r = {200[(cos #)# + (sin #)d] } mm/s>

Here, since 0 is constant, § = 0. Since 8 is in the opposite sense to that of positive 6,
& = —6 rad/s. Thus, at § = 150°

r=200(2 — cos 130r) = 57321 mm
r = 200(sin 150°)(—6) = —600 mm/s
r = 200 (cos 150°)(—6)* + sin 150°(0) | = —623538 mm/s*
The radial and transverse components of the acceleration are
4, =1 — P = 623538 — 57321 (—6)2 = —26870.77 mm/s* = —26.87 m/s*
dg = ) + 2r) = ST321(0) + 2(—600)(—6) = 7200 mm/s* = 720 m/s
Thus, the magnitude of the acceleration is
a = Va +a = V(-268T7 + 7207 = 2782 m/s* = 27.8 m/s" Ans.

These components are shown in Fig. a.

Figure 3: Exercise of section 12.8

12.10 Relative motion of two particles using translating axes

TB=TA+TB/A
UB = VA +UB/A

ap = a4 +ap/A



12-202.

ITihe end A of the cable s moving at #, =3 m s determine AT Imi
the speed of block . ” L

SOLUTION

Pasition Coordinates. The positions of pulley B, I} and point A are specified by
position coordinales sy, 5, and 54 respectively as shown in Fig. o The pulley system
comgsts of two cords which give

255 +8p =1 (1
and
(54— sn) + (b —5p) = by
i 2sp=bL— b (2)
Time Derivative. Taking the time dervatives of Egs (1) and (2}, we pet
2oy + vy =1 (3
vy — 2w, =0 ()

Eliminate vy from Fgs (3) and (4),

ty + duy =0 (5)
Here 1y = +3 m/fs sinee it e directed wward the positive sense of 5.
Thus

3+ doy =10

gy = —0Tdmfs = 0T mfs — Ans

The negative sign indicates thai v, s dirccled toward the nepative sense of 5.

Figure 4: Exercise of section 12.10




Chapter 13 Kinematics of a particle: Force and Acceleration

13.4 Equations of Motion: Rectangular Coordinates

ZFm = ma,
ZFy = may

13-23.

If the supplicd force & = 150 N, determime the velooty of

the 30-kg block A when it has riscn 3 m, starting from rest.

SOLUTION

quil.iuh ||r Muﬁllﬂ. Sunce the ]‘r‘lj“:'.}'s are smooth, the lenson = constant
rllnu“l‘hqnﬂ cach I.:IIIII[I.: K:'.|1'r1-:'.. “l:lt:rn'a!g i the l:Hn ol ;-u.fh.-y L, Fr_g a, of wiach #is
minss 15 neghgrhle,
+HTEE =; 150 +150—T=0 T=300N
SI.I Pm:qumﬂly. comadered the FH ”’ I.1| hlock .4 1:|I:1'Wﬂ m FI?J“ h’,
| r}:‘r . 300+ 300 SOP9R1) Sha

a=219m/< T

Kinematics. Using the result of a,

(+1) vV =g+ 2ax
o= (F 4 202,191
v = 36249 mfs = 3162 m/s An.

Te300A T=300A
150N 150N

T
(o)
50(4.8)N

Figure 5: Exercise of section 13.4

13.5 Equations of Motion: Normal and Tangential axes

ZFn = ma,
ZFt = may
ZF’" = m(i — r6?)



Z Fy = m(rf + 2i0)

13-69.

The 0.8-Mg car travels over the hill having the shape of a ¥
parabola. When the car is al point A, it is traveling at 9 m/s
and increasing ils speed at 3 m/s>. Determine both the
resultant normal force and the resultant frictional force that

Neglect the size of the car. / :

all the wheels of the car exerl on the road al this instanL y=20(1—-

dy d’y
Geomelry: Here, é = —(.00625x and F = —0.00625. The slope angle @ at point
d
A is given by
dy
lan @ = — = —0.00625(80) 6 = —-26.57"
Xl x=80m

and the radius of curvature at point A is

[1+ @yfaxy [ [1+ (~0.00625x) 2
p=- N = - 22361 m
|d®y/dx| |-0.00625] -Hm %
Equation of Motion: Applying Eq. 13-8 with # = 26.57° and p = 223.61 m, we have 2 /
2F = may; B00(Y.81) sin 26.57° — Fy = 800(3) 7 N
Fr=1109.73N = 111 kN Ans. n
- 9’
XF, = ma, 800(9.81) cos 26.57" — N = ma(m
N = 6729.67TN = 6.73 kN Ans.

SOLUTION /

| E—

Figure 6: Exercise of section 13.5

Chapter 14 Kinematics of a particle: Work and Energy

W:/Fdr:/Fcosﬁds

Work of a spring:

14.1 The work of a Force

W, = /Fsds = /—ksds = —%kﬁ +C

14.2 Principle of Work and Energy

Z/Ftds: /mvdv

T +ZU1—2 =T

(22)

(23)

(24)



*14-32.

The block has a mass of 0.8 kg and moves within the smooth
vertical slot. If it starts from rest when the attached spring is
in the unstretched position at A, determine the constant
vertical force F which must be applied to the cord so that
the block attains a speed vy = 2.5 m/s when it reaches B;
sg = .15 m. Neglect the size and mass of the pulley. Hint:
The work of F can be determined by finding the difference
Al'in cord lengths AC and BC and using U = F Al

SOLUTION
Lic = V(0.3 + (04) = 0.5m =

0.4 m

e

F
Lo = V(0.4 = 0.15) + (0.3)° = 0.3905 m B - 100N/m
Ta+ZUsp=Ty
y I 2 - 1 2
0+ F(05 = 0.3905) 5 (100)(0.15)" — (08)(9.81)(0.15) = 5(08)(2.5) BIMON
F=439N Ans. (2L

03m

F e

Figure 7: Exercise of section 14.3

14.4 Power and Efficiency

aw
P=—
dt

__ power output

power input

14-55.

The elevator E and its freight have a total mass of 400 kg.
Hoisting is provided by the motor M and the 60-kg block C.
If the motor has an efficiency of € = 0.6, determine the
power that must be supplied to the motor when the elevator
is hoisted upward at a constant speed of v;; = 4 m/s.

SOLUTION

Elevator:

Since a = 0,

+1 SF, =0;  60(9.81) + 37 — 400(9.81) = 0

T=11118N

25 + (s —sp) =1

m 60(981) N
3vg = vp Ny oy datum ar
Since vp = —4m/s, vp=—-12m/s P S

¥
F-vp  (1111.8)(12

P, = i ﬁ = 22.2kW Ans. e — (H00X9.81) N

e 0.6

Figure 8: Exercise of section 14.4



14-87.

The block has a mass of 20 kg and is released from rest

when s = 0.5 m. If the mass of the bumpers A and B can

be neglected, determine the maximum deformation of each
—
-

spring due to the collision.
— k, =500 N/m

A
s=05m

SOLUTION sh— B@
Datum at initial position: ‘i_i,.,f— ky =800 N/m
. - —
n+vi=T,+V,; —1
0+0=0+ ';(Slm).vi-, + %(Kllll)s'}, + 20(9.81)[ —(s4 + 55) — 0.5] n
Also, Fy = 5005 4 = 800sy sp = Lbsg 2)

Solving Egs. (1) and (2) yields:
sg = 0.638m Ans.

s4=1.02m Ans.

Figure 9: Exercise of section 14.6

Chapter 15 Kinematics of a particle: Impulse and Momentum

15.1 Principle of linear Impulse and Momentum

Z/th:m/dv (27)
moi + ) / Fdt = mv3 (28)

15.2 Principle of linear Impulse and Momentum for a system of particles

S + 3 [ Fe= Y mic, (29)

10



15-27.

The 20-kg crate is lifted by a force of F = (100 + 5°) N,
where [ is in seconds. Determine the speed of the crate when
1= 35 starting rom rest,

SOLUTION

Principle of Impuise and Momentum, AL~ 0, F
2F = 200N > W
applied. Referring o the FBD of the crate, Fig. a,

h
['T) miwy)y + 1/ Flt miwy)y
- I'

i
0+ :f (100 + 57 )dt — 2009.81)(3) = 20w
[1]

5 in
2(mu.r : ;r‘)l 588.6 = 200
- 0

v = 507 m/s

100 N. Since al this instant,
20(9.81) = 1962 N, the crate will move the instant force F is

Ans,

NN

Y
20(9.81)
(@)

Figure 10: Exercise of section 15.2

11




15-46.

The two blocks A and B cach have a mass of 5 kg and are
suspended from parallel cords. A spring, having a stillness
of k = 60N/m, is attached to B and is compressed 0.3 m
against A and B as shown. Determine the maximum angles
@ and o ol the cords when the blocks are released from rest
and the spring becomes unstrelched.

SOLUTION
(%) Imu, = Emwy

0+ 0 5wy + Sug

L vg =0
Just before the blocks begin to Fise:
Tl. t V| "E'. + Vz

1 2 1 3 , 1 i
{0+ o)+ i(ﬂl)(ﬂ..i] 5{5}{1:) i E(S)tu) 0

v = 0.7348 m/s

For A or B:
Datum at lowest poinl.
Ti+Vi=T+VW

%{.inn.?m:? b0 =0+ SRR - cos #)

0 = ¢ = 9.52° Ans.

Figure 11: Exercise of section 15.3

15.4 Impact
Ma(Va)1 + My (V)1 = Ma(Va)2 + mp(vp)2

_ ()2 — (va)2
(va)1 — (vp)1

12



15-61.

The 15-kg block A shdes on the sorface for which sy = 003,
The block bas a vebocity ¢ = 10m /s when itiss = 4 m (oo
the 1ikg block B 1 the unstreiched spring has a stillness
& = 1000 N /m, detenmine the maximum compression of
the spring due o the collision. Take e = (L6,

SOLUTION

& = 1000M/m

10mk

Principle of Work and FEnergy. Heforring o the FHD of block A, Fig a,
motion along the ¥ axis gives Ny = 15(981) = 14715 N, Thus the friciion s

Fp= ey = 03147.15) = 44145 N-
h+Eh =1

%(15‘1{1:#} + (—44.145)(4) = ;—{15){1:-4}‘;‘

(mq)y = 8439 m/s

Cirnservetion of Mo eniom.

() mglng, + myglog), = myluds + miglog,
15(R.7439) + 0 = 15{wy); + 1 wgls
gy 4+ wgdy = 262317

Coefficient of Resiliation.
{ogly — (e (rgh — (Tah
= P, i L T R ol
a1 = g 27430 - 0
{ogly — (wq)p = 52463
Sodving Egs (1) and (2)

(gl = 8342 mfs «— (vl = 31478 m s «—

]

[F4]

Comxervation of Eeerpy. When block 8 stops momentarily, the cormpression of e

sprimg is maximum, Thus, 75 = (L

h+ Vi=hHh+ W

%(1(1]{?1.3%22} +0=0+ %{]mmxﬁu

Epgr = 0B im0 = (LE30m Ans.
15481 N
Chy=8139mfs W), G4,
B A & A
Beoaty - AAANRAGRUARARRIRA AU ANV

" Before Impact

W Impact

Figure 12: Exercise of section 15.4

15.7 Principle of Angular Impulse and Momentum

/Mdtz /(r x F)dt

(r x mv)y + Z/Modt = (r x mv)s

13



15-113.

An carth satellite of mass 700 kg s launched mlo a free-
Might trajectory aboul the carth with an initial specd of
wy o I kmfs when the distance from the center of the
carth is rq = 15 Mm. IT the launch angle at this position is

4 = T0F, determme the speed vy of the satellite and s
closest distance rg Irom the center of the earth. The carth
has a mass M, = 5976(10™) ke, Hing Under  these
conditions, the satellite is subjected only o the carth’s
gravitational force, F = GMam,/r, Eq 131, For parl of
the sollution, use the conservation of enerpy.

SOLUTION

Haoh = (Hah

{0y sin gy = mg (vglry

OO0 sin TOTSIOE) = T00()(ry) m

TatVau=Tg+ Vg

1 . GMem, 1 . M an
EM:[U,LJ s mell's} e
1 G TH0 WE9TaM 0™ T 1
= (T 101 - = = (TOD}we)
3 (To0y10¢ i [15007)] 3 (00N g)

T FELTRN 0™ T00) .

= ()

Solving,
vy = L2 kmy's Ams.
ry = 138 Mm Ans,

Figure 13: Exercise of section 15.7

Chapter 16 Planar kinematics of a Rigid Body

16.3 Rotation about a fixed axis

_do
T
_dw
T

Constant Angular Acceleration:

W= wqg + a.t
15
0200+WQt+§Ozct

1
0 =0y + wot + §Oéct2

Acceleration:
a; = ar
an = w’r

a:at—l—an:axr—er

14



16-10.

Al the instant v, = Srad/s, pulley A is given a constant
angular  acceleration a, = 6rad/s’. Delermine the
magnitude of aceeleration of point B on pulley C when A
rotates 2 revolutions. Pulley C has an inner hub which is
lixed 1o iis outer one and turns with it

SOLUTION

Angular Motion. Since the angular acceleration of pulley A is constanl, we can
apply 60 mm

wh = (“’A}ﬁ + 2a,00, — (84)0l;
wh = 5 + 26)[2(27) — 0]
wy = 132588 rad /s

Since pulleys A and C are connecied by a non-slip beli,
wore = wara;  w@d0) = 132588(50)
we = 165735 rad /s
agfe = ayly; ac{40) = 6(50)
ac = 7.50 rad /s

Motion of Point B. The tangential and normal component of acceleration of
point B can be determined from

(ag); = acry = T50(0.06) = 0.450 m /s’
(ag), = wiry = (165735%)(0.06) = 16.4809 m /s’
Thus, the magnitude of ag is
ag = V(ap)! + (ap)i = V0450 + 164809
= 164871 m/s" = 165 m/s* Ans.

Figure 14: Exercise of section 16.3

15




1643,

The crank AR is rotating with a constant angular veloeity of
4 rad /s, Determine the angular velocity of the connecling
rod CD at the instant @ = 30°,

SOLUTION
Position Coordinate Equation: From Lhe pcomelry,

0.3sin¢p = (0.6 — 0.3 cos ¢b) tan @ 1]

Time Derivatives: Taking the time derivative of Eq. |1], we have

d 10 0 i
03 cos .f,f = {J_rma?ﬂ‘d—l — I‘}.S(m.‘i # sec? a'j—r — tan @sin ﬂ%)

dn [E]J(cus ¢ — tlan @ sin ) |de 21
dt | 03sec®(2 — cosp) ot
do dep :
However, & UG g = WAR = 4 rad/s. Al the instant = 30°, from Eq. |3],
¢ = 60.0°. Substitute these values into Eq. |2] yields
01.3(cos 60.0° — tan 30° sin 60.0°)
©pc = 2 4) =0 Ans.
0.3 sec™30° (2 — cos 60.0°)

600

mm

rés,

Figure 15: Exercise of section 16.4

16.5 Relative motion analysis: Velocity
Vp = Vg + Ub/a
Up = Ug + 4 X Fb/a

Foja =| 7| -AB

16



16-T3.

Il the slider block A is moving downward al v, = 4 m/fs
determine the velocity of point & at the instant shown.

SOLUTION
See solution to Prob. 16-87

By = vp YD
up = 4) + 2727 4+ (3.249)(03)
- b 307

(&) (og)y=0+2727 G) + 5.249(0.3){sin 307)

(+l) (v =4-2727 G) + 5.249{01.3)(cos 30¢)
(vgdy = 2424 m/s —

{wg)y = 3182 m/s |

v = V(242M)" + (3182) = 400 m/s Amns.
3.182
= ¥ 1 s — .
f = tan (2__124) 529 Ams.
Alsoe

See solution to Prob. 16-87
¥ = ¥p + wcg X Tgp
¥ = (16361 — 1L818f) + (~5.25K) * fcos 30°(03) — 0.4 sin 30(0.3)])

¥ = {24241 — 31825} m/s

ng = V(2.424j3 + {3.”@1]i = 400 m/s A,
3182

a1 o .

fi = 1an (3_‘24) = 327 Ans,

Figure 16: Exercise of section 16.5

16.6 Instantaneous center of zero velocity

To locate the IC we can use the fact that the velocity of a point on the body is always perpendicular to the
relative position vector directed from the IC to the point.

17



16-101.

The planct gear A is pin connected to the end of the link
BC. If the link rotates about the fixed point B at
4 rad /s, determine the angular velocity of the ring gear R.
The sun gear D is fixed from rotating.

SOLUTION
Gear A:
ve = 4225) = 900 mm /s
w0 vy
mMEE IR
vg = 1800 mm/s
Ring gear:
wy = %‘- = 4rad/s Ans.

i

Ve

you

Figure 17: Exercise of section 16.6

16.7 Relative motion analysis: Acceleration
ap = aq + (apa)t + (ap/a)n

—

— — 2 o
b=0a + O XTpq =W - Th/q

18



Be-111.

Al a given instand the shider biock A is moviag 1o the right
with e nolion shown, Determing the aagular scelerbion
al lnk AR and the sceelerstan of podet 8 a0 ihs insdand,

SOLUTION
Ceemernl Plase Moion, The 0 of the lisk con be keated vsing v, and v, which in
s casee is il inBnaly &s shown in 19 o Thos

Fagme = Fuge = =
‘Thean Lhe kinematics gives

oy mwfgg I=w(®) w=10

Ty = Wy = 4 s

Bimoo i moves along a circalar path, its scocleration will have tanpeatial and normal

componenis Honce {agly = :i = ; — Bmjs’
o

Applying the elative scoclemtion equation by relerrmpg o Fig b,
By =3, + 0 X By — 6F Paa
{mghi — Bj = @ + (ok) ¥ [~2con W — 2 sin WFG) — O
(il — H = (o + 60— Vg
Fuating | amd j componencis,

-8 =~V na*-‘-f-imre’awm.-f‘} Ans
(gl = o + & I-,L:RTﬁ+ﬁ= b2 m s’

Tiwas, Bl mapmi e of 8, i
g = ViaaF + (g, = VIES &+ F = 1230 m/ = 1L m)¥ Ams

Ao Al alireetion b= dolimed by
0 = i ‘."}I‘ = lan I{Inﬂ} = W = T Ans
Mhine
- fm/s
Fih: 9
e
Ve
(L)

A

Wan ©

4632 o/ %)
1S
i =

Figure 18: Exercise of section 16.7

17 Planar kinematics of a rigid body: Force and Acceleration

17.1 Mass moment of inertia

I = Ic+ md?

19

(47)



17.3 Equation of motion: Translation

Rectilinear Translation:

> Fr =m(a)s (48)

Z Fy=m(ag)y (49)
> Mg =0 (50)

Curvilinear Translation:
ZF" =m(ag)n (51)
ZFt = m(ag)t (52)
> Mg =0 (53)

17-42.

The uniform crate has a mass ol 50 kg and rests on the cart
having an inclined surface. Delermine the smallest
acceleration that will cause the crate either to tip or slip
relative to the carl. What is the magnitude of this
acceleration? The coefficient of static friction between the
cratc and the cart is w, = 0.5,

SOLUTION

Equations of Motion: Assume that the crate slips, then Fy = p, N = 0.5N.

CH+3Mq = S(Mda;  50(9.81) cos 15°(x) — 50(9.81) sin 15°(0.5)

= 50a cos 15°(0.5) + S0a'sin 15°(x) (1) o8N
+73Fy = mlag)y ; N — 50(9.81) cos 15° = —50a sin 15° 2
NS E = mlag)y ; 50(9.81) sin 15° — 0.5N = —50a cos 15° 3)

Solving Egs. (1), (2).and (3) yields
N = 44781 N x = 0250m
a = 201 m/s* Ans.

Since x < 0.3 m, then crate will not tip. Thus, the crate slips. Ans.

Figure 19: Exercise of section 17.3

17.4 Equation of motion: Rotation about fixed axis

Z F, =m(ag)n = mw’rg (54)
Z Fy = m(ag): = marg (55)
> Mg = Iga (56)

20



17-70.

The 20-kg roll of paper has a radius of gyration k , =90 mm
about an axis passing through point A. ILis pin supported at
both ends by two brackets AB. If the roll rests against a wall
for which the coefficient of kinetic [riction is g, = 0.2,
determine the constant vertical force Fthat must be applied
to the roll to pull off 1 m of paper in =3 s starting from rest.
Neglect the mass of paper that is removed.

SOLUTION

1
( + ;)\ = 5 + vt + Eu(-rz

-

=0+0+ %ac{f%)z

ac = 0222m/s

— a(‘
- 0125

(23

= 1.778 rad/s*

+, EF = mlag,),  Ne— Thpeos67.38° = 0
+1 XF, = m(ag):  Tygsin 67.38° — 02N¢ — 20(9.81) — F =0

C+ IM,y = L, —0.2N(0.125) + F(0.125) = 20(0.09)*(1.778)
Solving:
Ne=%3N
Tan = 258N
F=221N Ans.

300

0,23 ma

N,
D.’D’4

2002, 1)

Figure 20: Exercise of section 17.4

17.5 Equation of motion: General plane of motion

> Fr=m(ag).
> B, =m(ag),
> Mg = Iga
> Mp=> (My)p = Ico+ (mag)de,p

Z Mic = Ijca
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17-111.
The semicircular disk having a mass of 10 kg is rolating
al w=4 radfs at the instant & =60°. If the coefficient of
static friction at A is g, =0.5, determine if the disk slips at
this instant.
SOLUTION
For roll A. A1) A
CHEMy = 4o T(009) = 18)0.09 ay, n
Yo
For roll B
CH+EMp = S(Myo:  S981)(0.09) = {009 ay + Bag(0.09) )
+TEF, = miag),; T — 8(9.81) Rag 3 ‘1 1
Kinematics:
g~ g (Ago) + (Sgo)s
ap] = [ad + u,,:u.:ml ‘10
-1+ [=92]+m
(+1) ag = dg + 0.8ay )
also,
(+1) g = ay (0.09) 5
Solving Eqgs. (11-(5) yields:
ay = 436 radfs® Ans
ay = 436 rad/s’ Ans /_“;-:
r=15TN Ans, e
ay = TRS m/s’ dg = 392 m/s*
sy %

Figure 21: Exercise of section 17.5

Chapter 18 Planar Kinetics of a Rigid Body: Work and Energy
18.1 Kinetic Energy

[ranslation:
1
= — 2
| 3 mug

Rotation about a fixed axis:

1 1
T = —mvd + §I(;w2

2
1
T = §Iow2
General plane motion:
1
T= §Ilcw2

18.2 The work of a force

W:/Fdr:/FCOSGds

22



Work of a spring;:

W, = /Fsds = /—ksds = —%kﬁ +C

18.2 The work of a couple moment

UM:/MdH

18.4 Principle of work and energy

T +ZU172 =T
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L (18

The spooll kes a mass of 40 kg and & redivs of pyration of
k= 03 m, IF the MWhkg block i= released from rest,
determine the destamos: the block a2l s onder for the
spooll B haave am amgular velocity s = 13 rad /. Also, wha
is the lension im the cord while the block is in molion?
Mopgloct the maws of the cord

SOLUTION

Kimetic Energy Sina ibe sydom w reloased from rosl, T = ik The final veloity
of the biock is vy = wr = 15(03) = 4.50 m/s. The mass momnent of nertia of the
spoal about 0 & 4, = mif = 80(03) = 360 Kg - o’ Thus

1 1
G R e W= 40280
= %:m]{ls?} + %{II}J{M} a3m
= S5 ]
1 - il 1
Foe the bk, 1 —Hu.ml'.l';—im,,ti—iﬁﬂ]-{-l_ﬁ}—lmlﬂ ﬂ,_
Work. Riferrimp 10 the FRIY of the system Py, a, oaly wld.'u'llnrl.ﬂm- the Block
displaces s vertically dows ward, which i i positive
[y, = Wir = 108810 = %.1x Ol'
Rferring 1o G FOD of the blodk, Fig b W, docs positive work while T does
mpativg work,
Uy = T4
Dy, = Wig = IOELx) = SW1x
Frinciple af Work and Eaerge. For the spdem.
Y
R PR W= (980N
0+ O1s = 50625 (a)
5= 56m = 5.16m L1 -

Faor the block esing, the resall ol 5

T+ Elfy =15
0 + UR{S.1606) — TIS.1606) = 10125
T=THAEN = TRS N A

ﬂffﬂffﬂj
(k)

Figure 22: Exercise of section 18.4
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#1860,

The pendulum consists of a 6-kg slender rod fixed toa 15-kg L5

disk. IT the spring has an unstretched length of 0.2 m, "'_ﬁ ;

determine the angular velocity of the pendulum when it is l =

released from rest and rotates clockwise 9%° from the 5 m ;—'Ek 200 N fm
position shown. The roller al C allows the spring 1o always =

remiin verlical. B A
SOLUTION B Y P

Kinetic Energy. The mass moment of inertin of the pendulum about B s
Iy Il—l?{ﬁ}{i?-} | 5{115?)] } H(lsj{u:ﬂ} +15(1.32) 28.025 kg - m*. Thus

T- %;,,f..z %.[mms;;.;- 140125 o

Since the pendulum is released from rest, 1) = (.

Poiential Eaergy. with reference o the datum sel in Fig. a, the gravitational potential
energics of the pendulum when it is al positions @ and @ are

(¥ = mg(y )y + mgelyy = 0

| osm | 0sm |02m
{vp.:li-' MY+ malValz |
H(O81)(~0.5) + 15(9.81)(-1.3)

22.725)
The streteh of the spring when the pendulum is at positions

@ and @ are [y
X =05 -02=03m f');,
—

X | 02 (1L8m

Thus, the initial and final elastic potentinl enerpies of the
§pring arc

(AT :1;1.—.:2 -:l;czmnl[n.;m G001
1

(v

AN i %t’.ﬂ.mmn.ﬂ’} 6 ]

2
Conservation of Energy,
BF=The+R
0+ (0 + 9.00) = 14.01256" + (=220.725) + 640
w = 34390 rad /s = 344 rad /s Ans.

Iy

Figure 23: Exercise of section 18.5

Chapter 19 Planar kinetics of a rigid body: Impulse and Momentum

19.2 Principle of Impulse and Momentum

m(vge)1 + Z/Fmdt = m(vge)2
m(vey)1 + Y / Fydt = m(vgy)a

Iowi + Z/Mgdt = Iqws
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19-7.

The double pulley consists of two wheels which are attached
to one another and turn at the same rate. The pulley has a
mass of 15 kg and a radius of gyration of ko = 110 mm. If
the block at A has a mass of 40 kg, determine the speed
of the block in 3 s after a constant force of 2 kN is applied
Lo the rope wrapped around the inner hub of the pulley. The
block is originally at rest.

SOLUTION

Principle of Impulse and Momentum: The mass moment inertia of the pulley about

point O is I, = 15(0.112] = 0.1815 kg - m’. The angular velocity of the pulley and é
the velocity of the block can be related by w = ;—; -

we have A

Svg. Applying Eq. 19-15,

(Esysl. angular mumcnlum) + ( > syst. angular impulsc)
N Ora

,5{981%3)

= ( >’ syst. angular mnmunlum)

0y odm
(C+) 0 + [40(9.81)(3)](0.2) — |20080(3)](0.075) -k i

W
:;'-H'Bf's,J(EU..)
- —40u(0.2) — 0.1815(5v5) 03 (

vy = 24.1 m/s Ans.

407
40(99)G3)

Figure 24: Exercise of section 19.2

19.3 Conservation of Momentum

Linear momentum:
(Z syst.linear.momentum), = (Z syst.linear.momentum)s,
Angular Momentum:

(Z syst.angular.momentum)op, = (Z syst.angular.momentum)os
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1050,

The 20-kg disk sirikes the step withoul rebounding.
Determing the largest angular velocity e the disk can have
and not lose contact with the step, A.

SOLUTION

Conservation of Angalar Momentum. The mass moment of incriia of the disk about

ils mass conter is fp = %mr’ = %{20![“-3?} = 0.4 kg - m’. Since no slipping occurs,
vy = wh = af()2). Referring 1o the impulse and momenlum diagram, Fig. a, we
notice thal angular momenl is conserved aboul poinl A since W is nonimpulsive.
Thus,

(Hah = (Hyh
Wfarg(D2](0.17) + 04 sy = 04wy + Wfawp(02}(0.2)

g = L1111 ey (1]

Equations of Motion. Since the requirement is the disk is about 1o lose contact with the
017

step when it rodates aboul A, Ny = (0L Here @ = cos ‘(ﬁ) = 31.79". Comsider the

molion slong a dircetion,

FuER, - Mg, 29.81) cos 31.79° = 20| wi(0.2) ]
oy = HA5T0rad /s
Substitute this result into B (1)
ay = L1TTH6ASTO) = 70744 rad /s = 717 rad /s Ans

WAt
M%) =298t T w, =04

K9, e

o4Tm

'

0-03m

Figure 25: Exercise of section 19.3
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