Assess yourself key

Multiple choice question
1. A

This problem is a direct application of calculating the work using the equation W = Fd cosθ. Here the force, F, is 20 N, and the distance d, is 10 m. Bill is pushing downward and forward on the mower, so the force vector points forward at an angle 60 degrees below the horizontal. The displacement vector points forward. Hence the angle, θ, between these two vectors is 60 degrees. Substituting these numbers gives: W = 20 N * 10 m * cos 60 = 20 N * 10 m * 0.5 = 100 J

2. E

This question applies the concept of conservation of energy. The spring is horizontal, so gravitational potential energy doesn’t change and doesn’t enter into this problem. When the spring is compressed and the mass is at rest, all of the energy is spring potential energy; the kinetic energy at this point is zero. When the spring is released, this spring potential energy is converted into kinetic energy the maximum speed occurs when then spring potential energy is zero and all the energy is kinetic energy. So conservation energy gives

1/2 k * x * x = 1/2 m * v * v

100 N/m * (0.1 m)^2 = 0.25 kg v^2

v = 2 m / s
3. C

This question requires you to understand the distinction between work and power. First, work or energy is measured in joules; power is measured in watts, which are joules per second. Thus, you should immediately eliminate B and D because neither of them is in the right units. Power is work divided by time P = W / t. the power consumption of a 100-watt light bulb is 100 W, and an hour is 3600 seconds. Multiply the power by the time to get the total energy consumed.

W = Pt = 100 W * 3600 s = 360000 J

4. E

This question applies the work energy theorem. Read very carefully; the question specifies net work. The word “net” tells you that the work energy theorem applies in this case. The net work is equal to the change in kinetic energy. Notice that during this part of the elevator’s ascent, it is moving at a constant velocity. This means that kinetic energy doesn’t change. So the net work is 0J.

5. B

This question asks for the work done by the Earth’s gravity on the elevator. You must use the equation for the work done by a force, which in this case is the Earth’s gravitational force. W = Fd. The force is just the weight of the elevator. F = mg = 4000 kg * 10 m / s / s = 40000N. The force is pointing downward, opposite to the displacement, so the force is negative. The displacement is just 20 m. W = -Fd = -40000 N * 20 m = -800000 J

6. D 

To solve the problem simpler way, apply the law of conservation of energy at the starts of its flight, the ball has potential energy. At the end, this extra potential energy has been converted to even more kinetic energy, increasing the speed of the ball. 

1/2 mv0^2 + mgh = 1/2 mv^2

v^2 = v0^2 + 2gh

v = sqrt (2gh + v^0)

7. E

This question requires you to understand the relationship between force and work done, or potential energy. W = Fd. Since F is measured aqz, d is distance, W = aqzx, where x is a distance.

8. A

If two cars are locked together, then they must be travelling at the same speed. Therefore, it cannot be an elastic collision, where the difference in speed before and after collision is the same. In an inelastic collision, kinetic energy is not conserved. Recall that no matter what, momentum is conserved. Therefore, only option A is correct, momentum conserved, kinetic energy not.

9. D

Apply conservation of energy to answer this question. 

1/2 mv^2 = mgh

h = v^2 / (2g)

 = (20 m / s) ^ 2 / (2 * 10 m / s / s) = 20 m.

10. C

P = W/t.

Work done is the energy required to bring the mass to that height, converted to potential energy. W = mgh = 80 kg * 10 m / s / s * 4 m = 3200 J

P = 3200 J / 4 s = 800W

Free response

[image: image1.png]. What force is required to lift the bowling ball to the top of the tower at constant velocity?

Fu =ON=F . -7

Fpps = W =mg=(kg10ms)= 0N Fap=50N
(1 point for stating that Fet =0)
(1 point for the correct work equation)
(1 point for the corret answer) We=50N

b. How much work is done by the lifting force to lt the bowling ball from the ground to the top of
the tower?

W = Fod = (SON)(45m) = 22507 (1 point for the correct work equation)
(1 poiat for the correct answer)

. Whatis the Gravitational Potential Energy of the bowling ball on the top of the tower?

GPE, = W = +22501 (1 point for stating that GPE is equal to work)

d. How do the GPE and the KE of the bowiing ball change if the bowling bl alls from the top of
the tower to the ground?

As the bowiing ball fals, it loses height and its GPE decreases. Because of the
gravitational force, the bowing ball accelerates (g = 10 mis?), its speed increases, and ts

KEincreases. i !
(1 point for the the correct explanation)
& Use the equations of motion to find the speed of the bowling ball at the moment i hts the

ground. What s the KE of the bowling bl at the instant it strikes the ground? Compare it with the
answer from part (c)

—45m:v, = Ombs: a =10 ms*
s - 2ad (1 point for the correct kinematics equation)

©Oms)' = 210 ) (45 m) = 900wl
v, = P00 = 30ms (1 point for the correct velocity)
% (5kg)(30mis)} = 22507

(1 point for the correct kinetic energy equation)
(1 point for the correct kinefic energy)

The answer s the same as i part (c). (1 poiat for stating that it s the same)




[image: image2.png]. Use the equations of motion for free fall to determine the height above the ground and the
potential energy of the bowiing ball at t= 2 s after its released.

:h‘+v,t+%ar‘ (1 point for the correct kinematics equation)

—15m(0mis)(2) + ; (~toms?)(25)"
s (1 point for the correct height)

GPE, = mgh = (Skg) (10ms")(25m) = 12507
(1 point for the correct poential energy equation)
(1 point for the correct potential energy)




[image: image3.png]g. Calculate the velocity and the KE of the bowling ball at time ¢ =2 s after it is released.

v = +ar (1 point for the correct velocity equation)
~ Omts + (<10 ws?)(25) = ~20avs (1 point or the comrect velocity)
(1 point for the correct sign)

Loy

(1 point for the correct kinetic energy )

(k) (-20ms)’ = 10007

h.Calculate the sum of the KE and GPE of the bowling ball at this time and compare it with its
initial potential energy and with its final Kinetic energy at the moment it hits the ground

GPE,+ KE, = 1000J + 1250J = 2250) = GPE, = KE;
(1 point for the correct sum)
i The bowing ball hits the ground and compresses the ground a distance of 0.020 m.

What s the magnitude of the average force exerted by the ground on the bowiing ball as it
comes to rest?

Ignoring the small change in GPE as the ground is compressed, the Change in KE is.
‘equalto the work done by the force exerted by the ground:

AKE = KE, -KE, = 01-22507 = 2501

Work Done = AKE (1 point for stating that work done is the change in KE)
Fd=F(d,~d)= AKE
F(-0020m-0m) = 22503 (1 point for the correct work done equation)

-0 113.000N
D00m (1 point for the correct force)





