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Just as the idea of linear momentum helps us analyze
translational motion, a rotational analog—angulal ! —
helps us analyze the motion of objects undergoing rotat

Consider a particle of mass m located at the g
vector position r and moving with linear

i ) ) A&l =r
momentum p as in the figure on the right. 1

In describing linear motion, we found rag” P
that the net force on the particle equals \“\J
the time rate of change of its linear
momentum:

SF = dp/dt.
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Let us take the cross product of each side of this equation with r,
which gives us the net torque on the particle on the left side of

the equation:
dp

rx 2F=Y1T=1r X —
dt

d
Now let us add to the right-hand side the term d_z X P,

which is zero because dr/dt =v and v and p are parallel. Thus,

z

AL=rXp

dp d
Xp X

| X
it " dt " ) G

)T =T
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Therefore, fL=rXxp

o d(r X p) \

= y

dt raA” P

This looks very similar in form to the equation 2F = %.This

suggests that the combination r x p should play the same role
in rotational motion that p plays in translational motion. We
call this combination the of the particle:

L=rxp
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Thus, we can write:

dL

yy_
T T

d
Similarto D, Foy = I;;C't “we can show that

dL
dt

E Text —
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The total angular momentum of a system is constant in both
magnitude and direction if the resultant external torque acting
on the system is zero.

Z . stotai — 0
Texternal = ar

Liota1 = constant

Ly — L
- 7_0 O
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ANGULAR MOMENTUM OF A RIGID OBJECT

Because Vv, =r, w;, we can express the

magnitude of the angular momentum of this | ®
particle i as ' < ;|
|
AL
L; = myriw g
| 'S " :/IVV, ‘ )

The vector L, is directed along the z
axis, as iIs the vector w.
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Z - -
o Qm We can now find the angular
o momentum of the whole object by
AL taking the sum of L; over all particles:

’\, ,\\, )y L—EL—zm'r w—(zmrg)w

2

L <
L.= 1w

I -small
1 w - large
>

I -large
w -small
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In the experiment we are going to study the conservation of
angular momentum.

TOP VIEW We have spring gun attached to a turntable,
which is free to rotate.

When we shoot a ball from the spring gun,
this is like an inverse collision, the angular

G < +> | momentum of the system is conserved:
D L;=Ly;

spring gun

In terms of magnitudes:

—

\LLE)@I ) o Ltu--rntabl e
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Angular momentum of the ball and turntable is on the opposite
directions.
TOP VIEW A
I.
S——pr * N r—

Q - 3 ;”:’:’f . = — 3:‘.‘:;:‘11A
® +1-11--
D L

spring gun
[l @
Dxp @
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TOP VIEW Lpall = Ltyrntable

Lpgi =D X p

G < +’9 m Ltu-rnmblﬁ = l.w
| D

=>
m D Therefore, we find:

Our aim is finding the mass of the ball using the equation above.
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ﬂ“* The spring gun is fixed at the distance D
= ;  from the center of turntable, which can
%ﬁ rotate freely.

TOP VIEW

spring gun

The ball will be fired from the spring gun.
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Turntable

The details of the spring gun
& turntable assembly

[ XXX A X

" oW

=%
n v u
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We will fire the ball for 2 different positions of spring gun on
the turntable.

TOoP VIEW

o

spring gun

A
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Each of the five D values will be arranged just like the photo below:
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Myv D=1,

M, : Mass of the ball (goal of the experiment is to find it)
v . The nitial velocity of the ball
D : The position of the spring gun on the turntable

Il : Rotational inertia of the spring gun & turntable assembly
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Determination of the
Initial velocity of the ball

(v)
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Afbb’D — ID(.:.)

W~

v is the initial velocity of the ball.

The initial velocity of the ball can be determined by measuring
the range and the initial height of the ball.

1 0 e et e
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This value
should be
read for H.

| v

A
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When the ball hits the carbon paper it
leaves a black mark on the white
paper below the carbon paper.

We can find the range (R) of the ball using our ruler on the table.
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After firing the ball, the mark on the paper is checked:
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We will fire the ball for 2 different values of D. For each D value,
we need to calculate the initial velocity of the ball using the
equation above. Then, we can fill the table below.

D R Velocity of the ball
| ) ( ) vl )

BOGAZICI UNIVERSITY
Physics Department




CONSERVATION OF ANGULAR MOMENTUM

Determination of the
rotational inertia of the
spring gun & turntable

assembly (Ip)
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Remember, our ultimate aim is to find the mass of the ball M,
using the equation below. The next step is about |,.

Myv D =,

/

Rotational inertia of the spring gun &
turntable assembly for the distance D of
spring gun from the center of the

turntable
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By the parallel axes theorem:

2

ISPRINGGUN T Mgun D

d

Rotational inertia of the
spring gun & turntable
assembly when the spring
gun is at the center (D=0).

Spring gun is
at the center
of the
turntable
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We can find ISPRINGGUN as we did in the Rotational !nertia
experiment.
<
| We will release a mass m with the
mass hanger from the height h and
= (l measure the time of descent t.
’
m
M 09t
i SPRINGGUN = mir [% — 1]

: mass on the mass holder

: radius of the drum

: time for descent

. height of the mass holder from the floor

> 3
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The spring gun is at the center

/IPhys
Lat‘:’s

. The height h can
 be found using
| theruler
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The radius of the drum can be calculated using the
measurement of the diameter of the drum using vernier
scale.
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Diameter of the drum (d)

§
ot Vo e ®
Sl o Ny
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As we know m, r, h, we can
measure time for descent (t)
with a stopwatch and find the
rotational inertia of the spring
gun & turntable assembly when
the spring gun is at the center:

ISP RINGGUN = ™7
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The next step is calculating Iy for the D values we fired the spring
gun using the formula below and filling I values on the table:

_ CM 7. o2
Ip = Isprinagu N + MgunD)
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Going back to our main equation, so far what we have done:
M,v D=1,
/ \ Rotational inertia

Initial velocity of the ball of the spring gun &
as it’s fired for each turntable assembly

D value . ,
v =R i ID — {SPRINGGUN + ﬂ{gu-ﬂD
2 CM 9 gt?
' IspRINGGUN = M [% — 1]

5 different positions of the
spring gun on the turntable

To calculate M, for each D value, we need the initial angular
velocity (w) values of the string gun & turntable assembly.
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We can read the initial angular velocity of each shot of the ball
using the data logger.

- —

- L
™ Datalogger is started just before
firing the ball.
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After reading the initial angular
velocity for each D value,
we can fill the w values on the table

below:

Ip

8

N

.
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Having filled the « and I, values for each D on the table above,
now we can calculate mass of the ball (M,) for each D using
our main equation below:

M, v D =1,
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Then we can find the average value of mass of the ball, M,..

RESULTS:

Average mass of theball My = .. ..

Lastly, we will compare this value with the actual mass of
the ball:

% Error for My, I JO A
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