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Chapter 13, Solution 19

(@ Kinematics: Xg = 2Xp
Vg = 2Vp

A and B. Assume B moves down.

Uy, =-m,g(cos30°)(X,) + My g(cos30°)Xg
Xg=2m
Xa=1m
J3

U, , = (2)(9.81) (7J[—1+ 2]

U,,=16.99 J

Since work is positive, block B does move down.
T,+U ,=T,

0+16.99:%v§

V5 =13.59
Vg =3.69 /s, 60° «

(b) Balone.
v,=0
T,=0
v, =3.69n/s, (from & )

T, = %vag = %(2)(3.69)2 =13.59 J
Uy, =(mgg)(cos30°)(xg) — (T)(Xg)

Uy, = {(2 kg)(9.81 m/s%(%j -(T )} (2m)

U, =33.98-2T




PROBLEM 13.19 (Continued)

T,+U, ,=T, 0+33.98-2T =13.59
2T =33.98-13.59 = 20.39

T=1019N <«
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V,=0 T,=0 TB=%W§=%[5TGOJV§=%V§ sto b
(4
AT & __r_qgu-cos 40°)
U,g =W(90) (1 cos40°) qof 5

U,g = (5601b) (90 ft) (0.234)
Uyg =11, 7911t - 1b

To+U, 5 =Ty 0+11, 791=@v§
g

2 = (11,791t 1)(32.2 ft/s?)
5 (2801h)

V5 =1356 ft7s?

Newton’s law at B

A A
B
a0t 40" = |40’
N 'vqa.,-—'- Wy
W=560lb 3

# o MV 22
+/N -W cos40 =~ R Vg =1356 ft

560 |b) (1356 ft%/s®)
(32.2ft/s%) (90 ft)

N = (560 Ib)(cos 40°) — (

N =429-262=167.01b N =167.0lb 4
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1Y W= m
ﬁ, " o B |
h L8, =1 C0s e = X
412 ._g.‘ 2N\ MQq
(v} N=a ma,,
Block leaves surface at C when the normal force N = 0.
+/mg cosd = ma,
2
g cosé = Ye
n

V2 = ghcosé = gy (1)

Work-enerqy principle.

2_1

@ Tg==mv* = 5 m(8)? = 32m

mvz Ug ¢ =W(h-y)=mg(h-y.)
Tg +Ug c =T¢

[EEN

32m+mg(h-y)==m2

=N

Using Eq. (1) 32+9g(h-yc)=-9Yyc

N

2
32+ gh=—gy.

N W

_(32+gh)
SENEE)
(32+(322)(9)
3322

ye = 2.6625 ft

C

©)
Yo =hcosd cosd = y?c - 2'6225 - 0.8875 0=27.4 4

PROBLEM 13.44 (Continued)

(b) From(1) and (3)

Ve = @
Ve = /(32.2)(2.6625)

Ve =9.259 ft/s

(Ve )y =V cosé = (9.259)(cos27.4°) = 8.220 ft/s




(Ve), = Ve SiN6 = —(9.259) (Sin 27.4°) = 4.261 ft/s

Y=Y + (Vo) t —%gtz = 2.6625— 4.261t — 16.1t?

AtE: ye =0 t%+0.2647t -0.1654=0
t=0.2953s
AtE: x=h(sing) + (Vc), t = (3) (sin27.4°) + (8.220) (0.2953)

x=1.381+2.427 = 3.808 ft

x=3.81ft 4
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A U
Velocity of A and B after impact +1 At@ 1@;
=B %
my =& = 13 _ 5 04087 Ib. 2t | — o
g 322 Ug=o N
BEFORE FTE
my =8 _ 26 _ 08075 Ib- sec?/ft
g 322

Sphere A falls. Use conservation of energy to find v,, the speed just before impact. Use the plate surface as
the datum.

T, =0, Vi =mygh, TzzémAViv V,=0
T+, =T,+V, O+mAghO:%mAvi+O

With h, =1.8 ft,
Va =201, =4/(2)(32.2)(L.8)

v, =10.767 ft/s

Analysis of the impact. Conservation of momentum.

MpV, + MgV =MV + MgV with  vg =0

Dividing by m, and using y—components+T with (mg/m, = 2)

—10.767 + 0= (vj), + 2(Vg), 1)
Coefficient of restitution. (Vg)y — (Va)y =€l(Va)y — (Va)y]
(Vg)y —(Va)y =€(Vva)y =-10.767e 2

Solving Egs. (1) and (2) simultaneously with e=0.8 gives
(Va)y =2.153 ft/s
(Vg), =—6.460 ft/s
v/, =2.153ft/sT,
Vp =6.460 ft/s
(@) SphereA rises. Use conservation of energy to find h.
T, :%mA(v;)z, V,=0, T,=0, V,=m,gh

T+V, =T, +V,: %mA(v’A)2+0:0+ m,gh

he (va)* _ (2.153)
29 (2)(32.2)

h=0.0720 ft <




()

PROBLEM 13.178 (Continued)

Plate B falls and compresses the spring. Use conservation of energy.

Let &, betheinitial compression of the spring and A be the additional compression of the spring after

impact. In theinitial equilibrium state,
+T2Fy =0: kog—Wg =0 or koy=Wg
H . 1 r\2 1 2
Just after impact: T, = EmB(vB) , V= §k5°
At maximum deflection of the plate, T,=0
1
V, = (V,)g + (Vo) = —WgA +Ek(50 +A)?
Conservation of energy: T+, =T, +V,
1mB(v,’a)2 +lk5§ = O—WBA+lk502 + k50A+1kA2
2 2 2 2
Invoking the result of Eq. (3) gives
1 r\2 1 2
—mg(vg)  =—=KkA
>Me(Ve)* =2

Data: mg = 0.08075 Ib-s?/ft, Vi =6.460 ft/s
A =3h=(3)(0.072) = 0.216 ft

" Mg (Vg)® _ (0.08075)(6.460)
A? (0.216)?

©)

4

k=72.2Ib/ft <
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~AJ A _‘UB' U= mtl_@ __{J’ B
@ AtC Cr 1 _J1=T1A 1= ]

AFTE R BEFORE

Conservation of total momentum.

my=MmMg=m
5 mi/h=7.333ft/s
MV + MgV = MV, + MgV (1)
—7.33+Vg =V, + Vg
Work and energy.
Car A (after impact):

U'A’*O M‘g ’U’h‘

T = 1 B

T -0 PN ®
2 N W‘nﬂ

Uy 5 = 1m,g(12 ft)
T,+U,, =T,

Z M) - 1mg(12) =0
(Vi) = (2) (12ft) (0.3) (32.2 ft/s?)

=231.84 ft/s?
v, =15.226 ft/s

Car B (after impact):

T =2y () smo 0y
2 [
T,=0 @ I & | e |
Uy, =1 mg 9(3) }—-—34‘!: -
T,+U,,=T,

1,
5%(VB)2—ukmBg(3)

= (2) (3ft) (0.3)(32.2 ft/s?)
(Vy)? = 57.96 ft?/s?
Vg = 7.613ft/s




PROBLEM 13.180 (Continued)

From (1) Vg = 7.333+V7 + V),
=7.333+15.226+ 7.613

(b) Relativevelocities.

Fo(—va—Vg)e=Vvg -V,

(~7.333-30.2) e = 7.613—-15.226
(7613

- - 0.2028
—(37.53)

Vg = 30.2 ft/s=20.6 mi/h <

e=0.203 4
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Data: my=2Kkg, mg=1kg, k=800N/m,x=01m,d=15m

=02 e=08 6=20°, a=40°, |=1.0m

Block dlides down theincline. H/ " %
A
+7y F,=0: Fe -
N —m,gcosé =0 A
— Hip = — \
Fp“ o % /
N=m,g cog) r
=(2)(9.81) cos20°
=18.4368 N
F; = 4, N =(0.2)(18.4368)
=3.6874 N

Use work and energy. Datum for V; istheimpact point near B.

T,=0, (V). :%kxf = %(800)(0.1)2 =4.00J
M)y =magh, = mag(x+d)sing = (2)(9.81)(1.6)sin20° =10.7367 J
U, ,, =—F; (x+d) = —(3.6874)(1.6) = -5.8998 |

T, :%mAvf\ = %(1) (vV3)=1.000v; V,=0

T,+V,+U,, =T, +V,: 0+4.00+10.7367 —5.8998 =1.0002 + 0

V4 =8.8369 m?/s?
vV, =2.9727 m/s ~ 20°

Impact: Conservation of momentum.

[+ [

o
4 '
[F
T
o JSTH
O 0 = G

Both A and B, horizontal components .. :

!
MLV, €0SE + 0 = MV, COSE + MgV

i

(2)(2.9727) c0s20° = 2V, c0s20 + (1.00)vg

(D)




PROBLEM 13.201 (CONTINUED)

Relative velocities: (Ve)n = (Va)n = €l(Vg)n — (Va)n]

Vg €0SO -V, =€[v, — 0]
Vi, c0s20° -V, = (0.8)(2.9727) (2)

Solving Egs. (1) and (2) simultaneously,
v, =1.0382 m/s

Vg = 3.6356 m/s
Sphere B rises: Use conservation of energy.

1
T :EmB(VB)2 V=0
1
g:i%@ V, = mggh, = mggl (1-cosa)
T+V, =T, +V,: %mB(vg)2 +O:%va§ +mgg(l-cosa)

V2 = (Vi )? — 29l (1- cosa)
= (3.6356)% — (2)(9.81)(1— cos40°)
=8.6274 m*/s?
(a) Speedof B. v, =294 m/s 4
(b) Tensionin the rope. p=1.00m

T
2
V2 86274 ) ‘ Me G
=2 ~8.6274 o
TR \m b d
FNEF=mga, = v
T -mggcosa = mga, U

T =mg(a, + gcosa) m“’i
=(1.0)(8.6274 + 9.81cos40°)

T=16.14 N <




