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ODbjectives

1. Momentum
2. Impulse



Conservation of Momentum

(M1Vifinal = MqViinitial) =
(MoVofinal = MoVoinitial)

m,;= mass of bat
v; = velocity of bat
m,= mass of ball
v, = velocity ball

Above ignores:

1. “Trampoline effect” of bat
2. Stiffness and mass of batter







Internal forces and momentum
transfer for throwing a ball

Force from legs transferred to trunk

Further muscular force increases
momentum and Is transferred to upper

alm
— Mainly as an increase velocity because “. ;. 5,

mass is smaller 4:::‘ '
|'

Sequential transfer of momentum
continues with mass decreasing and
velocity increasing

Finally momentum is transferred to
thrown ball







Impulse Ft = m(v;— V)

The product of force and
the time it is applied

F =ma

» Substitute (v;— V) / t for a:
F=m (v;—V,) /t

e Multiply both sides by

time:

Ft=m (v; — V)

Fig 12.12






Impulse and Momentum

Any change in momentum is equal to the impulse that
produces it

Force applied in direction of motion will increase momentum

Force applied opposite to direction of motion will decrease
momentum; for example, how hard will UKE hit the ground?
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Ukemi: the art of falling

In judo the method of falling is an art in itself. Mastery of
wkems, or the art of falling, is essential not only for the execution of
free and quick movements but also for the prevention of injury when
you are thrown. Thus ukemi is the first technique for you to learn and
master. First let us see how long it takes for a falling body to strike
the mat.

When a body falling from a position at rest drops to the ground by
means of gravitation, it travels 980 centimeters in the first second,
1,960 in the next second, and 2,940 in the third second. You will notice
that an acceleration of 980 centimeters per second 1is produced
uniformly every second during the fall. Since the body drops with
o uniform acceleration, the average velocity is half the sum of the
initial velocity and the final veloeity. Average velocity can thus be
expressed in the following equations, 1n which Vav stands for average
velocity, Vo for initial velocityy Vg,f\'or final velocity, ¢t for time, and

=2 A for acceleration: =
~< * kX ' / Vi Vo
f s % —p> 1. Vayv=—"-———
p = ™ \:5.‘,}’ p : 9
H . 2 N v . - .
v\/‘f O 7} and since the acceleration 1s uniform,
\ R [Vi— Vo
.‘\ / \Xﬁ“"‘ ,('{“/ 2‘ A: ;:Z____"_
\._\? - \Q/ \ t
\ \r Q\: : which results in
\. .I. II’ - _\
N Sl A b Vo-+ At

\ \\ / and, when Vo equals zero,




4. Vit=At

Now, substituting in Equation 1 the value of vt from Equation 3:
= Vot 1At

Then, to find the total space S traveled in time ¢, we multiply the
average velocity Vav by t to obtain the following:

6. S=Vaut
= Vot—r,“At‘ Sl =

Bv makmg use of Equation 6, let us find the force produced when
a man weighing 75 kilograms hits the ground from a height of 1.5
meters. (See Figure 66.) If S=1%At?, then

1.5m=14 %980 cm/sec? X t*

. 180em
490 em/sec’
: ‘V\. = Z]‘_B_ see
—~ e b= OBSec e
Now, to ﬁnd the velocity in 0. 5 seconds after the man starts to fall:
Vi=At = e,

=980 mx 0.5 sec
\ =490 cm/sec o

y If we take the time that is requlred to qtop the bodv as a umt,, the
f reslstmg force of the mat is found as “follows : e

\ muv=resisting force of mat
\ =75 kg x490 em/sec
\ =36,750 kgem/sec
N,
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http://www.youtube.com/watch?v=PHXsc57jYHc�
http://www.youtube.com/watch?v=7hNzmfZe8W4�
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