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18.3: Examples

? Whiteboard Problem 18.3.1: A Projectile Pint

= d

A bartender slides a bottle down his bar to a customer. Unfortunately, he pushes it too hard and the bottle flies off the end of
the bar!

1. The force of friction between the bar and the bottle is 0.150 N, and the bottle has a mass of 0.520 kg. What is the
acceleration of the bottle as it travels down the bar?

2. If it started with a speed of 2.97 m/s, what is the speed of the bottle as it leaves the bar, 2.80 m away from where the
bartender pushed it?

3. Black Hat from the webcomic XKCD is standing nearby, a distance 1.25 m from the end of the bar (which is 1.15 m tall).
Does the bottle hit him after it slides off the end of the bar?

? Whiteboard Problem 18.3.2: Blocks in a Row

Consider two blocks which are in contact with each other on a horizontal frictionless surface. The masses of the blocks are 5
kg and 10 kg. The 5 kg block is being pushed with an unknown force F},, which then pushes on the 10 kg block, making them
both accelerate to the right at 2.00 m/s2.

1. How big is the force pushing on the 10 kg block from the 5 kg block?
2. What is the magnitude of the pushing force F,?

v Whiteboard Problem 18.3.3: Blocks in a Row

Consider three blocks which are in contact with each other on a horizontal frictionless surface. From left to right, the masses of
the blocks are 5 kg, 10 kg, and 25 kg. The leftmost block is being pushed to the right with an unknown force F},, and the
blocks are accelerating to the right at 2.00 m/s>.

1. What is the magnitude and direction of the forces the blocks are exerting on each other?
2. What is the magnitude of the pushing force F},?

? Whiteboard Problem 18.3.4: Crates on a Lift

A 40.0 kg crate is sitting on top of a 60.0 kg crate on the floor of an elevator. The elevator floor is exerting an upwards force of
1050 N to the 60.0 kg crate.

1. Determine the magnitude and direction of the acceleration of the crates in the elevator.
2. Determine the magnitude and direction of the contact force that the 40.0 kg crate exerts on the 60.0 kg crate.
3. Determine the magnitude and direction of the contact force that the 60.0 kg crate exerts on the 40.0 kg crate.

v Example 18.3.5: Dropping an object on a weighing scale

(Short version) Suppose you drop a 5-kg object on a spring scale from a height of 1 m. If the spring constant is k = 20, 000
N/m, what will the scale read?
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(Long version) OK, let’s break that up into parts. Suppose that a spring scale is just a platform (of negligible mass) sitting on
top of a spring. If you put an object of mass m on top of it, the spring compresses so that (in equilibrium) it exerts an upwards
force that matches that of gravity.

a. If the spring constant is k£ and the object’s mass is m and the whole system is at rest, what distance is the spring
compressed?

b. If you drop the object from a height h, what is the (instantaneous) maximum compression of the spring as the object is
brought to a momentary rest? (This part is an energy problem! Assume that & is much greater than the actual compression
of the spring, so you can neglect that when calculating the change in gravitational potential energy.)

c. What mass would give you that same compression, if you were to place it gently on the scale, and wait until all the
oscillations died down?

d. OK, now answer the question at the top!

Solution

(a) The forces acting on the object sitting at rest on the platform are the force of gravity, Fgo = —myg, and the normal force

due to the platform, Fy},. This last force is equal, in magnitude, to the force exerted on the platform by the spring (it has to be,
because the platform itself is being pushed down by a force F', = —F}},, and this has to be balanced by the spring force).
This means we can, for practical purposes, pretend the platform is not there and just set the upwards force on the object equal
to the spring force, Fy?" = —k(z —z) . All of the forces are in the same direction (we'll call this 2, so we can simply look at
the forces along this direct. Newton’s second law gives

Fra:=F§,+ F5 =ma, =0. (18.3.1)

For a compressed spring,  — x is negative, and we can just let d = zy —z be the distance the spring is compressed. Then
Equation (18.3.1) gives

—mg+kd=0
o)
d=mg/k (18.3.2)
when you just set an object on the scale and let it come to rest.

(b) This part, as the problem says, is a conservation of energy situation. The system formed by the spring, the object and the
earth starts out with some gravitational potential energy, and ends up, with the object momentarily at rest, with only spring
potential energy:

@ _ 717G
Uf+U™ = Uy + U;”’"
1
mgy; +0 :mgnyrEkdﬁlax (18.3.3)
where I have used the subscript “max” on the compression distance to distinguish it from what I calculated in part (a) (this kind
of makes sense also because the scale is going to swing up and down, and we want only the maximum compression, which will

give us the largest reading). The problem said to ignore the compression when calculating the change in U¢, meaning that, if
we measure height from the top of the scale, y; = h and yy = 0. Then, solving Equation (18.3.3) for dy,e,, we get

2
dmax = 77;9’74 (1834)

(c) For this part, let us rewrite Equation (18.3.2) as mey = kdmas /g, where meq is the “equivalent” mass that you would have
to place on the scale (gently) to get the same reading as in part (b). Using then Equation (18.3.4),

k [2mgh 2mkh
meq—gu . =4/ . (18.3.5)

(d) Now we can substitute the values given: m =5 kg, h = 1 m, k£ = 20, 000 N/m. The result is m,., = 143 kg.

(Note: if you found the purely algebraic treatment above confusing, try substituting numerical values in Egs. (18.3.2) and (
18.3.4). The first equation tells you that if you just place the 5-kg mass on the scale it will compress a distance d = 2.45 mm.
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The second tells you that if you drop it it will compress the spring a distance d,,, = 70 mm, about 28.6 times more, which
corresponds to an “equivalent mass” 28.6 times greater than 5 kg, which is to say, 143 kg. Note also that 143 kg is an
equivalent weight of 309 pounds, so if you want to try this on a bathroom scale I’d advise you to use smaller weights and drop
them from a much smaller height!)

v/ Example 18.3.6: Speeding up and slowing down

a. A 1400-kg car, starting from rest, accelerates to a speed of 30 mph in 10 s. What is the force on the car (assumed constant)
over this period of time?

b. Where does this force comes from? That is, what is the (external) object that exerts this force on the car, and what is the
nature of this force?

c. Draw a free-body diagram for the car. Indicate the direction of motion, and the direction of the acceleration.

d. Now assume that the driver, traveling at 30 mph, sees a red light ahead and pushes on the brake pedal. Assume that the
coefficient of static friction between the tires and the road is ps = 0.7, and that the wheels don’t “lock”: that is to say, they
continue rolling without slipping on the road as they slow down. What is the car’s minimum stopping distance?

e. Draw a free-body diagram of the car for the situation in (d). Again indicate the direction of motion, and the direction of the
acceleration.

f. Now assume that the driver again wants to stop as in part (c), but he presses on the brakes too hard, so the wheels lock, and,
moreover, the road is wet, and the coefficient of kinetic friction is only uz = 0.2. What is the distance the car travels now
before coming to a stop?

Solution (NEEDS TO BE REWRITTEN IN COLUMN VECTOR FORM)

(a) First, let us convert 30 mph to meters per second. There are 1, 609 meters to a mile, and 3, 600 seconds to an hour, so 30
mph = 10 x 1609/3600 m/s = 13.4 m/s.

Next, for constant acceleration, we can use Equation (2.2.4). We will call the direction of motion the 4z direction.
Av = a;At . Solving for a,

Av  13.4m/s m
C=A T 105 M

Since F, = ma,, we have
F, =ma, =1400kg x 1.34 22 = 1880 N.
S

(b) The force must be provided by the road, which is the only thing external to the car that is in contact with it. The force is, in
fact, the force of static friction between the car and the tires. As explained in the chapter, this is a reaction force (the tires push
on the road, and the road pushes back). It is static friction because the tires are not slipping relative to the road. In fact, we will
see in Chapter 9 that the point of the tire in contact with the road has an instantaneous velocity of zero (see Figure 9.6.1).

(c) This is the free-body diagram. Note the force of static friction pointing forward, in the direction of the acceleration. The

forces have been drawn to scale.
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(d) This is the opposite of part (a): the driver now relies on the force of static friction to slow down the car. The shortest
stopping distance will correspond to the largest (in magnitude) acceleration, as per our old friend, Equation (2.2.10):

v?—’v? =2aAxz. (18.3.6)

In turn, the largest acceleration will correspond to the largest force. As explained in the chapter, the static friction force cannot
exceed pu, F'" (Equation (6.3.8)). So, we have

Fﬁmax = ;ustn = usmg

since, in this case, we expect the normal force to be equal to the force of gravity. Then

We can substitute this into Equation (18.3.6) with a negative sign, since the acceleration acts in the opposite direction to the
motion (and we are implicitly taking the direction of motion to be positive). Also note that the final velocity we want is zero,
vy = 0. We get

—v? =2alAz = —2p,gAz.
From here, we can solve for Az:

2 2
Ap_ U __ (134m/s)

= = =13.1m.
2usg  2%0.7x9.81 m/s?

(e) Here is the free-body diagram. The interesting feature is that the force of static friction has reversed direction relative to
parts (a)—(c). It is also much larger than before. (The forces are again to scale.)
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(f) The math for this part is basically identical to that in part (d). The difference, physically, is that now you are dealing with
the force of kinetic (or “sliding”) friction, and that is always given by F'* =y, F' (this is not an upper limit, it’s just what F'*
is). So we have a = —F* /m = —muy,g, and, just as before (but with j, replacing ),

v (13.4m/s)
" 2ukg  2x0.2x9.81 m/s?

Az =45.8 m.

This is a huge distance, close to half a football field! If these numbers are accurate, you can see that locking your brakes in the
rain can have some pretty bad consequences.

This page titled 18.3: Examples is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Julio Gea-Banacloche
(University of Arkansas Libraries) via source content that was edited to the style and standards of the LibreTexts platform.
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