Motion in 2-d solutions

Projectile Motion:

P4.10 x=v,t=v,cosb,t
x =(300 m/s)cos55.0°)(42.0 s)

1 2 s 1 2
y=uv,t —ng =v;sindt —Egt

y =(300 m/s)(sin55.0°)(42.0 s) —%(9480 m/s?)(42.0 s)° =

P41l (a)

(b)

The mug leaves the counter horizontally with a velocity v
(say). If time t elapses before it hits the ground, then since there
is no horizontal acceleration, x; =v !, ie,

-’C_,'_(l.40m)
T

t=
xi Uy
In the same time it falls a distance of 0.860 m with acceleration

downward of 9.80 m/ s?. Then

Yy=y+ vy,-t+%nyt2: 0=0.860 m+%(—9A80 m/s2 )[

Thus,

b= J (490 m/s*)(1.96 m*)

The vertical velocity component with which it hits the floor is

1.40 m

ty

N—

\H/.

1.40 m]z

FIG. P4.11

Vyr =0y + a_,,t =0+ (—9.80 n]/sz)[m] =-411 m/s.

Hence, the angle #at which the mug strikes the floor is given by

e -1 v_v]' _ o 411 i
f=tan (-l—,-f]-tan (‘m)—
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Paa7 (a) Xp=v,t=8.00c0s20.0°(3.00)=| 22.6 m

(b) Taking y positive downwards,

Wi= vl”f +%;§;i3

y; = 8.00sin 20.0°(3.00) + %[9.5{:]{3.{1(1)3 = .
(c) 10.0 = 8.00(sin 20.0°)¢ + %(9.50 )2

490t% + 274t -10.0=0

. —2.?4J_rq,||'{2.?4)1 +19% —=

9.80

-]

Tangential and Radial Acceleration

P4.33 We assume the train is still slowing down at the instant in question,

2
a, =—=129 m/s’

r

(400 km/h)(10° mykm (-1
_Av yhy10” ny ]"3"“"]=-u.?41 mfs?

AF 1503

a=qfa’+a? =J(_1_29 m,t'sz)z+{41_m m,frs:]z

3

FIG. P4.33

i 0.741
at an angle of tan™! [u] =tan! [—]
ﬂf

1.29

a =| 1.48 m/s” inward and 29.9° backward

Pi34  (a) 4, =

o2 (400 mys)’ ~
T T
(c) H=Jﬂ|2 +a? =[ 100 m/s |

#=tan™ hid =| 53.1° inward from path
ay




P435  r=250m,a=150 m/s

(a)

(b)

P4.36 (a)

(b)

(©

a, =acos30.0° =(15.0 ny"sz}(ms?-ﬂ‘*’) =

2
[

- -

r -
15.0 m/s?

so v =r, =250 m(13.ﬂ mf53)=32.5 mzfsz
v=1/325 mfs=[570 mjs | FIG. P4.35

2
at =at +a?

s0 @, =’ —a} :J[IB.U ngfssz —[lS.Umfs-zJ :

See figure to the right.

The components of the 20.2 and the 22.5 rn,"s2 along the rope together
constitute the centripetal acceleration:

0, = (225 mfs?)cos(90.0°-36.9°)+ (20.2 mfs* |cos36.9°=[ 297 m/s” |
2
i, = Zsov= Jﬂl_r =4{29.7 m:fs,1 (130 m) = 6.67 m/s tangent to circle FIG. P4.36

r
v=[ 667 m/s at 36.9° above the horizontal |

Linear Momentum

ra.1

m =300 kg, v=(3.00i - 400) m/s
() p=mv=(9.00i-120j) kg-m/s

Thus, IF:.- =9.00 kg -m/s |

and | P, =-12.0 kg-m/s |

p=ypep? =J(9.00* +(120)* =[ 150 kg-m/s
?
6= tan~! [L] =tan~'(-1.33) =

¥
P



PNt

P99

P9.15

P9.25

(a) For the system of two blocks Ap=10,

or Pi =Py
Therefore, 0 =My, +(3M){2.00 m/s)

Solving gives v, = {motion toward the
left).

1 1 1
(b) Ek‘xl =5Mn§, +E{3M]zr§'M =

(a) I:_[th = area under curve

1 3
I=E(1.5u %10 s)(18 000 N)=[135N s
135 N5
b F=—"2"" _T500kN
® a0
ic) From the graph, we see that F,, =| 18.0 kN

LI PTG I W RO

Ap = Fat
Ap, = mf_nf_u - zrj_,,} = m(vcos60.07) —mvcos60.0°=0
Ap, = m(—vsin60.0°—vsin 60.0%) = —2mo sin60.0°
=-2{3.00 kg (10,0 m/s)(0.866)
=-520 kg-m/s

Ap —52.0 kg-m/s
F . =—t=c————— 1 |- 260N
ave Al 0.200 s

(200 g)(55.0 m/s)=(46.0 g)o+ (200 g){40.0 ms)

At impact, momentum of the clay-block system is conserved, so:
moy =(my + 01y i,

After impact, the change in kinetic energy of the clay-block-surface
system is equal to the increase in internal energy:

1 2

E(”’] +1m vz = frd = gl + my )gd
1
2
v} =95.6 m*/s?

(120 %107 kglo, =(0.112 kg)(9.77 m/s)

(0112 kg)o3 =0.650(0.112 kg)(9.80 m/s” }(7.50 m)
vy =9.77 mfs

FIG. 9.9
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FIG. P9.25



P9.29 P = Pai Vo

Mg €os37.0% muy cos53.0°=m(5.00 m/s)

0.799v0 +0.602vy =500 mfs () vy =500 m/s B
P.h.Jr :;Jw- @—I—---@ --é:—-- | R
g sin 37.0°=muyy, sin53.0°=0 ‘\3‘

h
0.602vg =0.799vy (2) .

Solving (1) and (2) simultaneously, @\W
befione after

| o =3.99 mys | and | vy =3.01 mys |.

FIG. P9.29
F9.33 By conservation of momentum for the system of the two billiard ¥
balls (with all masses equal), 1308 mis
|
500m/s -
5.00 mfs+0=(433 m/s)cos30.0°+v, —. -
= ! r\_.z"—""_r: —
Uy = L15 m/s [ )
0=(4.33 mfs)sin30.0°+v,
Uy =—216 mfs -
vay =[250 m/s at —60.0° FIG. P9.33




