As another example of the conservation of mechanical energy, let us consider
an object of mass m connected to a horizontal spring whose own mass can be
neglected and whose spring stiffness constant is k. The mass m has speed » at any
moment. The potential energy of the system (object plus spring) is given by
Eq.6-9, Pk = $kx?, where x is the displacement of the spring from its unstretched
length. It neither friction nor any other force is acting, conservation of mechanical
energy tells us that

Yol + tkai = tmod + Lkad, [elastic PE only] (6-14) Comervaton of me hanical energy
when PE is elastic
where the subscripts 1 and 2 refer to the velocity and displacement at two
different moments.

Toy dart gun. A dart of mass 0.100 kg is pressed against
the spring of a toy dart gun as shown in Fig. 6-23a. The spring (with spring
stiffness constant & = 250N /m) is compressed 6.0 cm and released. If the dart
detaches from the spring when the spring reaches its natural length (x = 0),
what speed does the dart acquire?

APPROACH The dart is initially at rest (point 1),s0 kg, = 0. We ignore friction
and use conservation of mechanical energy: the only potential energy is elastic.

SOLUTION We use Eg. 6-14 with point | being at the maximum compres-
sion of the spring, so », = 0 (dart not yet released) and x, = —0.060 m.
Point 2 we choose to be the instant the dart flies off the end of the spring
(Fig. 6-23b),s0 x, = 0 and we want to find v,. Thus Eq. 6-14 can be written

0+ 1kxi =Lmol+0.
Then

m

~ (250N/m)(-0.060 m)’
B (0.100 kg)

= 9.0m?/s’

so v, = \/v} = 3.0m/s.

NOTE In the horizontal direction, the only force on the dart (neglecting
friction) was the force exerted by the spring. Vertically, gravity was counterbal-
anced by the normal force exerted on the dart by the gun barrel. After it
leaves the barrel, the dart will follow a projectile’s path under gravity.

FIGURE 6-23 Example 6-11. (a) A dart is
pushed against a spring, compressing it 6.0 cm.

pra— The dart is then released, and in (b) it leaves
(a) / i\ | the spring at velocity v, .

f=-6.0 em-~

(b) ) @
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