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Impulse and theorem of momentum A EFIZE EHE

Momentum & : The area under the curve of net force versus
time equals the impulse of the net force:
N 2
P=mv F, Area = J, = JSE.dr
: I
Impulse e We can also calculate the
fy impulse by replacing the
= = = varying net force with an
J=XFAt=%F(t; —t1) average net force:
Area = J,
7 — i By 1 p
-] - sz dt " ..". = {‘Lu\),\'(b B II)
rd
Impulse-Momentum Theorem
t
-~ - n Iy
J=P,—P; or k—ty — 1, —>

Average force ﬁa,,: f = ﬁav (t, — t1)

Example: A Zkgobject is throwing toward a wall. During the collision with the
wall lasting from t = 0 to t = 0.2s, the force acting on the object is given by the
equation F = 300t(0.2 — t)I (N)

(2) The impulse that the force acts on the object during the collision is:
J=[YFdt=[]*300t(0.2 — Tdt = (30t> — 100t*)3? = 0.4 (kgm/s)

(b) The average force on the object is:

= ] _ 04 _
Fay = t,—t;  02-0 Z (V)

Example: An open-top railroad car (initially empty
and of mass m,) rolls with negligible friction along |

a straight horizontal track and passes under the - "
spout of a sand conveyor. When the car is under the m

conveyor, sand is dispensed from the conveyor in a
narrow stream at a steady rate dm/dt = C and falls vertically to the car. The

car has initial speed v, and sand is filling it from time t =0tot =T.

(a) Calculate the mass m of the car plus the sand that it catches as a function of
time t from 0<t<T.

Weight of sand: dm = Cdt = foms dm = fOT Cdt > mg = Ct

Total weight m = mg + my = Ct + my

(b) Determine the speed v of the car as a function of time t from 0<t<T.
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In the horizontal direction, as the friction is negligible, the Momentum of the

car-sand system keeps constant:

MoVo

P =myvy = (Ct + my)v(t) = v(t) = —

(c) If you want to keep the velocity of the car constant, what kind of force needs
to act on the car.

To keep the sand-car system’s velocity constant, an impulse must be applied
to the sand:

t m t
det=f vodm=f voCdt = Ft = vyCt = F = Cv,
0 0 0

Exercise 11:A bullet shoot out of a gun at vy (m/s). While the bullet
accelerates in the barrel of the gun, the total force that is applied on it is

F=a—-bt (a,bareconstantand ¢ is in second)

(a) Suppose the total force that the bullet is subjected to is zero upon the exit of
the gun, calculate the total time that the bullet takes to run through the
barrel.

(b) Calculate the momentum of the bullet.

(c) Calculate the mass of the bullet.
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Collision in one dimension(Central impact) —# &=

General Case:

uq u2
miuq + myu, = myvy + myv, ( > ( )

v, — vy Before collision
€= U — Uy V1 %)
—em, 1+ e)m : :
{ mtm, 1T m m2 After collision
_Q+om em ‘\ AR
k m; +m, e m; +m, U

Kinetic energy lost during the collision:

mpym;

1
AEg_ 105t = Exi — Exy = 5 (1-e?) (ug —uy)?

myq + m,
e = 0: Perfectly inelastic collision. AE},_;,s+ get the maximum value.
e = 1: Elastic collision. AEj, ;o5 = 0

0 < e < 1:Inelastic collision.
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Center of mass J5i/»

Center of mass J&:

= Mt +myxy + o Yimyx;
cm T -
m1+m2+"' Zimi

Yo = miyr +mapy; + 0 Ximyy;
cm m1+m2+"' Zimi

Example 1: A person is

standing at one end of a Ccmcf of

uniform raft of length L Ccn’gcr ?;‘:‘;g‘r

that is floating motionless 0 ‘

on water, as shown. The Raft \R‘

center of mass of the M'LV\MM

person-raft system is a ) Ld ;
| 1

distance d from the
center of the raft. The person then walks to the other end of the raft.
If friction between the raft and the water is negligible, how far does the draft
move relative to the water?

x=2d

Center of mass reference frame /1S X2 & A

A uniform soft rope with mass m and length 1 hangs
vertically with its lower end just touching the ground.
The rope is released from rest. Try to calculate the
force of the ground acting on the rope when the

remaining length in the air is z.

e s s
Momentum s Z)&:  Psys = MUy

FPERR ) Foxe = Miicm

}\_m
1

Center of mass location

1 ‘ 1 Zm z?
Zcm=aflzdz=gf72dz=2—l
0 0

_dzeym  z (dZ)
Vem = "0 T T\de

dt

l

dt?

_dvg, 1 dz\* z(d?z _29(l-2z) gz
Gem =" T 1 *

=2g—3g>
=T ;297097
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dz TR AR v, Ma, B
@ T T VR gk, RALETR

¢z oy TR SR

dtz %

l—2z

z
macm=F—mg:>F:macm+mg=m(2g—3g7)+mg=3mg ;

Newton’s 2nd l]aw with continuously variable mass & £z &V REMN TN —

EE

R dm _. dv
Fext"’ﬁ(u_v):m_

dt
dm: ZERJ{8] dt ARG Z R BE (BN a+R D 4-)
u—v EERERIRE EECERTIRAFTS)

Physics for Scientists and Engineers 6ed (Paul A. Tipler, Gene Mosca), p273

BIELIR BT - z4

MRES
TP e iEde E AT 17

[E
Hﬂlﬂl h’ﬁ

ETHETETKER 2
= m(l-z)/1

2. Y8 dt W& TEYZEF dm
—dm T F dt B8] A% TR KE
dz itEH

—dz o] YA dt FriaAs %) dm §95E
EvidtERH

—dm TRET (-2),c 3 (dm)v? = dm(g)(L - 2)

Solution

1. For the Newton’s 2nd law with continuously variable mass

—Z) dv

Foxe + o u = (-] = [m ()|

2. u=0, %(dm)v2 =dm(g)(l—2z)=>v=—/29(1—-2)
m m
3. dz =vdt,dm =dz (T) = vdt (T)

4. = —g AR A BT
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dm l—2z\1dv m l—2z
Fext?ﬁ”*[m( z )a:‘”(ﬂ”‘[m( z )]g

l—2z l—2z

= 2 (T) ~mg () = ~1290~ D) ~mg () = ~3mg

Key Point:
1. EBRANARNRECZEEF LS T METE dt 5% TR 7 EAM

2. dm/dt, (u-v), dv/dt R=NBHERSREEZHHE.
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