4. The “kmowns™ and the “wanted” are shown in the Table in the margin, and  Kuown Wanted
we choose x; = 0. Note that “starting from rest” means v = 0 at 1 = ()

L Xp=10 !
that is, J,..: = 0. . . ¥ = 30.0m
5. The physics: the motion takes place at constant acceleration. so we can use ;= 200 m/s?
the kinematic equations, Eqs. 2-11. =0

6. Equations: we want to find the time, given the distance and acceleration;
Eq. 2-11b is perfect since the only unknown quantity is t. Setting v, = 0
and x, = 0 in Eq.2-11b (x = x, + vyt + 3 a*), we can solve for 1:

x = tai’,
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7. The calculation:

[2x  [2(30.0m) _
1=,—=,/———— = 548s.
\ a 2.00m/s”
This is our answer. Note that the units come out correctly.
We can check the reasonableness of the answer by calculating the final velocity ™ PROBLEM SOLVING
v = at = (2.00m/s?)(5.48s) = 10.96 m/s, and then finding x = x, + ¥t =  Check your answer
0+ 3(10.96 m/s + 0)(5.48s) = 30.0m, which is our given distance.
9. We checked the units, and they came out perfectly (seconds).
NOTE In steps 6 and 7, when we took the square root, we should have written
1= ++/2x/a = +548s. Mathematically there are two solutions. But the
second solution, + = —548s, is a time before our chosen time interval and
makes no sense physically. We say it is “unphysical” and ignore it.
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We explicitly followed the steps of the Problem Solving Box in Example 2-7,
In upcoming Examples, we will use our usual “approach™ and “solution™ to avoid
being wordy.
Air bags. Suppose you want to design an air- ~® PHYSICS APPLIED
bag system that can protect the driver in a head-on collision at a speed of Car safety—air bagy
100 km/h (60 mph). Estimate how fast the air bag must inflate (Fig. 2-14) to
effectively protect the driver. How does the use of a seat belt help the driver?

APPROACH We assume the acceleration is roughly constant, so we can use
Eqgs. 2-11. Both Egs. 2-11a and 2-11b contain ¢, our desired unknown. They
both contain a, so we must first find a, which we can do using Eq. 2-11c¢ if we
know the distance x over which the car crumples. A rough estimate might be
about 1 meter. We choose the time interval to start at the instant of impact with
the car moving at w, = 100km/h, and to end when the car comes to rest
(v = 0) after traveling I m.
SOLUTION We convert the given initial speed to SI units: 100km/h =
100 > 10°m/3600s = 28 m/s. We then find the acceleration from Eq. 2-11c¢:
o3 (28 m/s)’ _ A
A== =T om - =390 m/s". FIGURE 2-14  An air bag 7
deploying on impact. Example 2-8.

This enormous acceleration takes place in a time given by (Eq. 2-11a):

v—1 0-—28m/s

I = = (.07 s.

a -390 m/s’
To be effective, the air bag would need to inflate faster than this.

What does the air bag do? It spreads the force over a large area of the
chest (to avoid puncture of the chest by the steering wheel). The seat belt
keeps the person in a stable position against the expanding air bag.
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