Before collision

Elastic Collisions " s,
Q- g

* Conservation of momentum and kinetic energy. m — 4 my

— _ (a)
MV T MV =Myt myVyr == m(v;;—v,)=myvy—vy) R
After collision

1 1 Vv A
ymﬂ’fi + %mzvzzi = 7/m1v12f +£m2v22f q—”o O—’»
—> X

* A simpler equation can be use in place of kinetic energy. (b)

m1(7712i—v12f) = m, (ng_vzzi) My V1f)(771i + 771f) = WUZf + ;)

Vi T V= Vor TV, Vig=Vor— - (Vii= Vai) MV T MYy, = MV T MyV,e

Momentum is vector: Be sure to have the correct sign.
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Example: colliding along a straight line

Two gliders with different masses move toward each other on a frictionless air track. Initial
velocity of A 1s +2.0 m/s and 1nitial velocity 1s -2.0 m/s. Suppose the collision is elastic.
What is the final velocity of glider A and B?

For Elastic Collisions, we have:

vs = 2.0 mfs vg1, = —2.0mfs

(a) Before collision

Vi T V= Vor TV

known known

(b) Collision

Vig=Vor— - (Vii-va)

(c) After collision

MV T MYy = MV T MoV,

known  known Masses are known
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Example: colliding along a straight line

Two gliders with different masses move toward each other on a frictionless air track. Initial
velocity of A 1s +2.0 m/s and 1nitial velocity 1s -2.0 m/s. Suppose the collision is elastic.
What is the final velocity of glider A and B? _
VT Vir= Vor Ty

Uple = 20mfs vy, = —2.0mfs (2 m/s) + v, .= vp, + (-2 m/s) (4 m/s)+ v, = vy

(a) Before collision 4+ _ 4+
MV T MoV = MyVie™ M)V )y

(0.5 kg)(2 m/s)+ (0.3 kg)(- 2m /s) = (0.5 kg)v,+ (0.3 kg)vp,
0.4 kg*m/s= (0.5 kg)v .+ (0.3 kg)vy,

(b) Collision

sy Up | 0.4 kg*m/s= (0.5 kg)v,+ (0.3 kg)[(4 m/s) + v, ]

() After collision

4= - 1.0m/s pr= 1T3.0 m/s

y ﬁieuce&ﬁchnulugy University THE EDGE IN KNOWLEDGE




Special case: One body 1nitially at rest

Vit V= Vor Ty mv, t vy, =mv,,+ my,  Suppose v, =0
Vi T V= Vor MV =MVt MYy

Itm,=m,, v, - Vir=Vyp, 80 V=0, and v, = Vs

Itm;>>m,, v,y ~2v;;, v;y~V;; Example: tennis ball colliding with a truck

If m;<<m,, Vor ™ 0, Vie~ =V Example: A ball hit on a wall
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Example : elastic collision with one body at rest

You throw a ball with a mass of 0.4 kg against a brick wall. It hits the wall moving
horizontally to the left at 30 m/s and rebounds horizontally to the right. Suppose that the
collision 1s elastic. Find the final velocity of the ball.

v,,=-30m/s v,,=?7m/s =04k
vy =-30 m/s g v " .

Bef / | _ _
<ok f < @ m ;= 0.4 kg Vyi = 0 m/s V2f— 0 m/s m, = ?
é X
? 7// > Ifm1<< m2, V2fNO, VIfN'VIi
After Z _ o
7 ir v, =+30 m/s

p;i=mv,; = (0.4 kg)(-30 m/s) = -12 kg-m/s
p= mv; = (0.4 kg)(+30 m/s) = +12 kg-m/s

Physics at NJI
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Center of mass

* Another important concept is the center of mass. > Vi %,
* Suppose we have several particles with masses m, m,, andsoon. ,,  _,. .
* We define the center of mass of the system as the point at the
pOSitiOﬂ given by Center of mass
Position vectors of individual particles |
. R" i:.‘ b:.. = | J
Position vector of . ml?l St m2?2 4 m3?3 TR Emiri L
center of mass of 4 r, . = =L P =
a system of particles ;nl + .Z,nZ + ;713 o Izmi
Masses of individual p..fsll‘l.iClCS
Z ML Z m;y;
. _MuTy A meZytmg Ty - i oy Fmey Fmays e
my+my +mg A Zmi Jom = my +my +mg + - -- B Z:'m1

i
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Conservation of Momentum

* The center of mass of the cube in Figure at the right moves as though all the mass were
concentrated there.

Z v MUz + M2V + M3VU3: Center of mass
my;IL; cm—r
. _m1$1+m2$2+m3m3+... B 7 my +m2+m3+°' : J v
- m; +mg +mg +--- Zmi v Ty U1y + MaUzy + M3U3y I ‘
_ cm—y — I
' my + My +m3 + - - /
2 My — — —
y My Y +MaYs Mg Yy s E} mvi+mvs+mgvg+---
cm — f—
™My hmg e D m . my +my +m3 +---

The total momentum equals to the total mass times the velocity of the center of mass.

Total mass of a No external force: Z F=0

system of particles Momenta of individual particles -

vt of | Mo = L T B = f V.m does not change, so P 1s conserved.
center of mass " Total momentum of system - That 1s the total momentum 1s conserved.
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Find the center of mass for the four balls shown 1n the figure.

v

Example:

l200¢ 200 g

(A). x;y =5 cm, y,, =5 cm, B: 10 cm x:C

@xcm =5.7cm, y., =5.7cm

(C), x,, = 5.7 cm, y.., =0 cm em

(D), x,,,=0cm, y.,,=5.7cm D

(E), x,,=0cm, y,, =0cm P:.[i['l;g Siﬁn'; )
Ball A: (0 m, 0 m), 0.1 kg g — TATLE M Ty f Ty ;mlm%
Ball B: (0 m, 0.1 m), 0.2 kg Myt my tmg e Zm
Ball C: (0.1 m, 0.1 m), 0.2 kg o s e ;m@m
Ball D: (0.1 m, 0.0 m), 0.2 kg Jem T iy + g + - - S m,

Physics at NJ1
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Block A has mass 1.0 kg. Block B has mass 3.0 kg. Block 4 is initially
moving to the right at 6.0 m/s, while block B 1s initially at rest. The
surface they move on is level and frictionless. What 1s the velocity of the
center of mass of the two blocks after the blocks collide?

Example:

m,=1.0kg my=3.0 kg

(A). 6.00 m/s, to the right ApP—>ooms |8 |

(B), 3.00 m/s, to the right
(@), 1.50 my/s, to the right MiU1y | TaUsg | Malsg & -+ -

Uem—z —

(D), zero my +mg +mg +---

~ (1.00 X 6.00) + (3.00 X 0)
Vem—x = 1.00 + 3.00

=1.5m/s

A&ey‘shienm & Technology University THE EDGE IN KNOWLEDGE



Center of mass: Newton’s 214 law

* The center of mass in Figure at the right moves as though all the

Center of mass
mass were concentrated there.

—
|
Total mass of a ' 1,7
system of particles Momenta of individual particles : J ‘
. X : |

.H _> . k._>_ 'L..._> L.‘._> . —} |
Mfcm—mlvl-f— m202+ m303+"' —f / :

Velocity of -
center of mass - Total momentum of system -

— —> —
With external force:  Md ., = Md";tcm _ d(ﬂ’{i ‘:‘ em) _ dj

— — — —
May,=ma,+myas+mzasz+---

ZF_}:ZFE}:I:‘FZE}mt:ME}cm
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Summary of types of collisions

* Elastic collision: both momentum and kinetic energy are conserved

Vi T V= Vor TV MV T MYy = MV T MV,

* Completely inelastic collision: objects stick together after collision

Final velocities are the same;

m;v,; tmyyv, = (m;+ mz)Vf

Momentum is conserved; kinetic energy 1s not.

* More general case: inelastic collision.

Momentum is conserved; kinetic energy is not. |71/Vii T MoV = MV, + MV,

Physics at NJl1
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Summary of problem-solving strategy

* Set up a coordinate axis: define the positive direction.

* Plot a diagram: label all known quantities (velocities and
masses...) and unknown quantities.

 Conservation of momentum: before/after the collision.

Before collision

— —»
Vii V2i ( )
— +X iy

!Jfl

MV T MyVy, = MV, + myvy,

* Confirm the type of collision: elastic, completely inelastic or

general 1nelastic?

Conservation of kinetic energy? |V;; T V;r= Vor T Vy;

* Analyze both x and y directions i1f it 1s a 2D problem.
* Solve the problem.

Physics at NJl1
,”’X-——— New Jersey’s Science & Technology University THE EDGE IN KNOWLEDGE




Example: colliding along a straight line

Two gliders with different masses move toward each other on a frictionless air track. After
they collide, the final velocity of B 1s 2.0 m/s. What 1s the final velocity of glider A?

vy, =20mfs  vg, = —2.0mfs Step 1: Coordinate: horizontal, right 1s positive x.

Step 2: Draw diagram.

(a) Before collision

Step 3: Conservation of momentum.

MAVAl: + MBUBIez — MAUA2: + MBUPB:

(b) Collision

Step 4: Type of collision?  Not sure.

Can NOT use conservation of kinetic energy.

() After collision

Physics at NJI
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Example: colliding along a straight line

Two gliders with different masses move toward each other on a frictionless air track. After
they collide, the final velocity of B 1s 2.0 m/s. What 1s the final velocity of glider A?

Step 3: Conservation of momentum.

Vg = 2.0mfs  vg;, = —2.0ms

MAVAlz + MBUBley — MAVA2: + MBUPB2:

(0.50kg)(2.0m/s) + (0.30kg)(—2.0m/s)
— (050 kg)’UAzm + (030 kg)UBZm

0.500 49, + 0.30vpy, = 0.40m/s

(a) Before collision

(b) Collision

Vg, = 2.0 m/s Vo, =-04m/s Inelastic or elastic?

K, =0.5(0.5 kg)(2 m/s)2+ 0.5(0.3 kg) (-2 m/s)2=1.6J

() After collision

K,=0.5(0.5 kg)(-0.4 m/s)*+ 0.5(0.3 kg) (2 m/s)? = 0.64 ]
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Example: a ballistic pendulum

A bullet of mass m, makes a completely inelastic collision
with a block of wood of mass m,,, which is suspended like
a pendulum. After the impact, the block swings up to a
maximum height A. In terms of h, mg, and m,,, what 1s the
initial speed v, of the bullet?

Step 1: Coordinate? Collision: horizontal, right is positive x.
Swing: vertical, up 1s positive y.

Step 2: Draw diagram.

Step 3 and 4: For collision, conservation of momentum, inelastic.

— : mp + myy
mBU1 (mB + mw)v, P Vs
mp

Before collision

-ty P ic—

mg
My

Collision

Immediately m&

after collision |

Swing

Top of swing
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Example: a ballistic pendulum

A bullet of mass mz makes a completely inelastic collision
with a block of wood of mass m,,, which is suspended like
a pendulum. After the impact, the block swings up to a
maximum height A. In terms of h, mg, and m,,, what 1s the
initial speed v, of the bullet?

Step 3 and 4: Conservation of momentum, inelastic.

: mp + mwy
mpv; = (mp + mw)v, vy = (35
mpg

Step 5: Swing process: conservation of total mechanical energy.

%(mB +mw)vs = (mp +mw)gh vy = +/2gh

Before collision

-y =

mg
My

v
- =
Immediately ML_/:E

after collision

mB+mw

Top of swing
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Two-dimensional collision

* More general: two objects collide in two-dimensional.
Conservation of momentum: myvy; + MyVy; = MV + MyVys

Component form: m, vy, + MaVpi = My Vipy + MoVsry
myVyjy + My = My Vqfy + My Vs ¢y

- vy COS 7,
O Vi //IY
77777777 +x - e R T S —
Vi \\Zb
¢ N e UorCOS
]”l T _)I
\J l’
ny |
—UosSINPt——N_,
! Vof
(a) Before the collision (b) After the collision
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Example : elastic collision with one body at rest

You throw a ball with a mass of 0.4 kg against a brick wall. It hits the wall moving to the
left at 30 m/s (45 degrees below horizontal) and rebounds to the down right. Suppose that
the collision 1s elastic. Find the angle @ and the impulse on the wall.

Step 1 and 2: Setup coordinate and draw diagram

B X <
i /f Step 3: Conservation of momentum?
45 y

Along y, no external force, true.  pg= mvg, = p,,

____________________

wall Along x, external force, not sure.

™ X < =
T Step 4: Type of collision?
y

Elastic: conservation of kinetic energy KE = KE,

ﬁieuce & Technology University THE EDGE IN KNOWLEDGE



Example : elastic collision with one body at rest

You throw a ball with a mass of 0.4 kg against a brick wall. It hits the wall moving to the

left at 30 m/s (45 degrees below horizontal) and rebounds to the down right. Suppose that
the collision 1s elastic. Find the angle @ and the impulse on the wall.

p.,.= mv,. = (0.4 kg)(30 m/s)(cos45) = +8.484 kg'm/s

IR py,= mv;, = (0.4 kg)(30 m/s)(sin45) = +8.484 kg'm/s
T s by KE,=0.5%(0.4 kg)x(30 m/s)> =180 ]
9 """"" Py= mvy, = p,, = 18.484 kg-m/s
wal\l\ v, = (+8.484 kg'm/s)/(0.4 kg) = +21.21 m/s
- ‘T KE = KE;= 180 J = 0.5%(0.4 kg)x(+21.21 m/s)* + 0.5x(0.4 kg)x(v;,)*
y Ve =-21.21 m/s
0— 45 Jo= Dy - P = (-8.484) — (+8.484) = 16.968 kg'm/s
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Example: two-dimensional elastic collision

The following figure shows an elastic collision of two pucks (masses m , = 0.5 kg and mz = 0.3 kg) on
a frictionless air-hockey table. Puck A has an 1nitial velocity of 4.0 m/s in the positive x-direction and
a final velocity of 2.0 m/s in the unknown direction a. Puck B is initially at rest. Find the final speed

vp2 Of puck B and the angles azand f Step 1 and 2: Setup coordinate and draw diagram

y

a: - e B Step 3: Conservation of momentum?
BEFORE . x
Sk el my; = 0.300 kg No external force, true for both x and y.
MAVAL; = MAVA: + MBUB,

7
y s

7
Vg2 = 2.00 mfs,”

(04
(A \
AFTER 0 3

0 = M AU 42y —+ MBURB2y

=

Step 4: Type of collision?

Vg~ Elastic: conservation of total kinetic energy
1 ) 1 1 )
5 MAVM"T = EmA’Um + o MBUB:

y ﬁmnce & Technology University THE EDGE IN KNOWLEDGE



Example: two-dimensional elastic collision

The following figure shows an elastic collision of two pucks (masses m , = 0.5 kg and mz = 0.3 kg) on
a frictionless air-hockey table. Puck A has an 1nitial velocity of 4.0 m/s in the positive x-direction and
a final velocity of 2.0 m/s in the unknown direction a. Puck B is initially at rest. Find the final speed

vy, of puck B and the angles o and . (0.500kg)(4.0m/s)? — (0.500kg)(2.00m/s)’

. (BN =2 —
“ b2 0.300 kg

vpy = 4.47m/s

— . 4,'00 s j(at T . Conservation of the - and y-components of total momentum gives
0 ‘ m, = 0.500 kg U mg = 0.300 kg MAVALz = MAUVA2: +— MBURY:
(0.500kg)(4.00m/s) = (0.500kg)(2.00m/s)(cos ) + (0.300kg)(4.47m/s)(cos )
% 04y = 2.00 m/s/ Get, cosa =2 - 1.341cosf (1)
/ \ 0 = myvae +mpupy
arLER 0 % * 0 = (0.500kg)(2.00m/s)(sina)- (0.300kg)(4.47m/s)(sin B)
B ™ So, sina=1.341sinf3 (2)
1 ) 1 , 1 ) sina + cos?a =1 So, (1.341sinB)2+ (2 - 1.341cosf)>= 1
o MAVAL" = 5MAVA" + 5 MBUR
(1.341)? (sin? 8+ cos?ff) + 4 - 4x1.341cosf=1 s0, cosff=0.8945
2 _ MU — MUy
U2 = Because (1), cosa =2 - 1.341cosff = 0.8 a=36.9" =26.6"

mpg
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