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Problem 1: Impulse and Momentum

The compressive force per area necessary to break the tibia in the lower leg, is about
F/A=1.6x10°N-m?. The smallest cross sectional area of the tibia, about 3.2 cm?, is slightly

above the ankle. Suppose a person of mass m=6.0x10" kg jumps to the ground from a height
h, =2.0 m and absorbs the shock of hitting the ground by bending the knees. Assume that there

is constant deceleration during the collision. During the collision, the person lowers his center of
mass by an amount Ad =1cm.

a) What is the collision time At

b) Find the average force of the ground on the person during the collision.
c) What is the average impulse of the ground on the person?

d) Will the person break his ankle? How much would you need to lower your center of mass
so you do not break your ankle?
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Problem 1: Impulse and Momentum

The compressive force per area necessary to break the tibia in the lower leg, is about

FlA=

1.6x10°® N-m”. The smallest cross sectional area of the tibia, about 3.2 cm?, is slightly

above the ankle. Suppose a person of mass m=6.0x10" kg jumps to the ground from a height
h, =2.0 m and absorbs the shock of hitting the ground by bending the knees. Assume that there

is constant deceleration during the collision. During the collision, the person lowers his center of
mass by an amount Ad =1cm.

a)
b)

c)
d)

What is the collision time At ?

Find the average force of the ground on the person during the collision.
What is the average impulse of the ground on the person?

Will the person break his ankle? How much would you need to lower your center of mass
S0 you do not break your ankle?

a)The speed of the person before touching the ground is /2ghy

If ais the magnitude of the deceleration we must have:
addean = +2qhg and %u{ii,.,,”}* = [At..a) 1”."-’%'1 = Ad from which

At = id,fﬁ = 3.2 10 %3
#
i

= 20§
b) The average force of the ground on the person is:
Fl=mlg+a)= mg‘%ﬂ =118 10N
¢) The average impulse of the ground on the person is:
I| = |F|Atpon = 3T N5
d) the force required to break the tibia is:
Fg ={1610")(3.210~YN =512 10°N
g0 that the tibia will break (Ouch!)
In order not to suffer the person should lower its center of mass at least of:

Ad = %&-'— =23 cm
t_'ll'ly
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