Ninth Week

Momentum

@ Rewrite Newton’s second law as:

dv _ d(mv)

F=ma = d

@ Define the momentum of the particle as p = mv:

- dp
F
at
i.e. force is the rate of change of momentum
@ Can also be written as .
dp = Fdt

i.e., if there is force, the change in momentum in df time is Ft 3

(Note: Compare the form of this equation with dvV = ddtjaie P S
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Ninth Week

Momentum Conservation

e dp= Fadt

@ Consider two masses m; and m, exerting forces Fi, and F»; on
each other.

@ dpy = Fipdt and dp, = Forat

® d(Py + P2) = (Fia + Foy)dt

@ Newton’s third law: Fip = —Fpy, i.e. Fio + Fo; =0

@ d(py + P2) =0, i.e. Py + P2 is constant.

@ Newton’s third law is valid for any system under any condition.

Hence momentum conservation is valid under any condition
@ Energy conservation for a system is valid only under the absence

of dissipative forces. \
Department Fizik
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Ninth Week

@ Consider two masses my and my moving along a line with
velocities vi and v» (since they are moving along a line, these are
the components along the line)

@ Initial total momentum of the system: P; = myvy + movs

@ Two masses collide and after collision they move with velocities v;
and v;.

@ Final momentum of the system is Py = myv; + mav}

@ Momentum conservation:

My + MoVo = Myvy + MoV
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Ninth Week

@ Consider two masses my and my moving along a line with
velocities vi and v» (since they are moving along a line, these are
the components along the line)

@ Initial total momentum of the svstem: P: = mivs - mov»

NOTE
If a quantity is conserved, it is conserved independent of
how complicated the interactions are in the intermediate

stages!
@ n

3 V]

My + MoVo = Myvy + MoV
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Ninth Week

myVvy + MoVo = My V1/ + mgvé
Unknowns: vy, v5: two unknowns but a single equation
We need one more condition to determine v and v;

Elastic collision: energy is conserved:
1 1 1 1
51Ty V12 + §m2v22 = 54 V1/2 + émgvéz
@ Completely inelastic collision: The two masses stick together:
!/ /
V) =V
@ Partially inelastic collision: Coefficient of restitution:

_ relative speed after collision  |vy — v,
R~ relative speed before collision  |vq — vo

(114)
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Ninth Week

1D Collision of Two Masses

2 _

Consider an elastic collision: 3myvZ + 1mpv3 /2

2
= gmi v + gmpv;

Energy conservation can be re written as
/ / / /
mi(vi — vi)(vi + vi) = ma(vz — 2)(Va + V2)
Momentum conservation: myvy — myvy = mMavy — Moo

Combined vy + v{ = Vo + Vg, 0r v§ — Vo = —(v{ — V3)

°
°
@ Consider the special case: vo =0 = v; = vy + V;
@ myvy —myvy = mp(vy + vy)

°

v/ = (m—mp)
17 (m+my)
!/ 2m1

° V2  my+mo 1
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Ninth Week

1D Collision of Two Masses

_ (mi—mp)

/
® Vi = (mrm) i
!/ 2m1
° V2 - my+mo 1
@ Special case: my = my: v{ =0 and v = v4
@ Special case: my > my: vi = —vyand v, =0

@ Special case: my > my: Vi = vq, Vo = 2v4 (discuss also in the
reference frame in which vy = 0)
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Ninth Week

General Momentum Conservation

@ System of point particles of mass m;.

@ Let I:',§”’ be the force acting on mass m; due to the mass m; (can
be gravitational attraction, EM attraction, push, pull, etc)

@ Let I:',.ex’ be the force acting on mass m; due to objects that are not
part of my system.

@ Newtons’s second law: % =", ; F’”’ + Fext

@ Sum over all i

Z ap Z I_-é"nt 4 Z ,:—‘iext (115)
i

ij#i
EZM:GHE?X’ (116)
Pr_ ot ()
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Ninth Week

General Momentum Conservation

@ Sumover all i

Z dpl Z F’;.nt + Z ﬁiext (1 15)
i i

J;él
d > =
aZp,-:OJFF‘;X’ (116)
dPr
= Fgd 117
e (117)
o Note that for any Fj, there is a F;; = —Fj because of Newton’s

third law. Hence the first sum is zero.

@ Pr =Y.pis that total momentum and Fext =%, Fe"f is the total
force acting on the system D“’““‘“f"'(D‘;?.‘.‘
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Ninth Week

@ Newton’s second law is also valid for extended objects if the
momentum is taken as the total momentum of the system, and the
force is taken as the total force acting on the system.

@ Define vy as Pr = Mgy where M = >~;m; and

o 1 N 1 o
vCM=MZp,-=MZm,-v,- (118)

- MG - dt<MZ )=

@ oy = ,]7, >~ mjf; is the position of the center of mass of the

system.
@ A system of particles behaves like a point mass of massml.\#lwm
g — . . . Physics Boliimii
position rgys with regards to translational motion. " e
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Ninth Week

Collisions in 3D

J

f>0and ¢ <0

@ Initial state: mg is at rest, my moves
with velocity v

@ Final state: the velocities of m4 and
mg are v, and vg.

@ Initial momentum:

P,‘ = mA\7 = mAvf( (120)

@ Final momentum:

Altug Ozpineci (METU )

y Pf:mAVA—i—mBVB

= (MaVaCOS ¢ + mpVp cos 6) X
+ (mavasin ¢ + mgvgsinf) y
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Ninth Week

Collisions in 3D

@ Initial momentum:

/3,' = mA\7 = mAV)A( (120)
S @ Final momentum:
v = — —
P; = mava + mgvg
9>0and$ <0 :(mAvAcos¢+vaBcose))?

/ + (mavasin¢g + mgvgsind) y

@ Unknowns vy, vg, ¢, 0 are related through:

MgV = MzV4 COS ¢ + MgVgCOSH (121)
0 = myvasing + mgvgsind (122)
Department Fizik
: o T
@ We need two more equations "“”‘“@““‘“‘““
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Ninth Week

Collisions in 3D

@ In elastic collisions:
Imav? = Imuv2 + 1mgv2
AV = 2THAVA T 2111BYp

@ One more equation involving v4 and
VB.

— @ Still we need to measure one of the
v unknowns to determine the other
three
f>0and ¢ <0

@ In completely inelastic collisions
V4 = Vg, hence vy = vgand § = ¢
@ Unknowns vy, vg, ¢, 6 are related through:

MgV = MzV4 COS ¢ + MgVg COS 0 (120)
0 = myvasing + mgvgsind 121)
Deparl.n;lenl Fizik
@ We need two more equations P Rl
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Ninth Week

System of Two Masses

@ Interms of Vgyyand Vv = Vy — Vo, V4 = Voy + i +m Vv and

—

V2 = VCM — m1+m2V
@ Total kinetic energy:

1 1
—1m Vg b2 2+1m v Lyz
T2t M T e T my, 22 \M T i me

1 mmy 5

= 5(m+ Z)VCM+2m1+m2

1 1
= EMvéM + EHVZ (122)

@ The first term is the kinetic energy of the whole system
@ The second term is the internal energy of the whole sysﬁaem(D‘r!
@ In elastic collisions, only the direction of v can change S
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