Problem 5.5

A block slides down an incline as shown. During
the motion:

a.) How much work does the gravity do?

b.) How much work does friction do?

¢.) How much work does the normal force do?

f, exists

Ablock slides down an incline as shown. During the motion:

a.) How much work does the gravity do?

There are two dot product and one potential energy way
to do this. (Note that the free body diagram shows both
the displacement ‘d” and all of the forces.)

i.) the definition approach: extending the line of “d” and
“mg,” the vectors look like:

W =|F||d|cos ®
= (mg)(d)cos(90° - 6)

line of mg

mg

line of d

d.) Qualitatively, how would things have
changed if a shorter ramp at a steeper angle
were used to drop the mass the same vertical
distance?

a.) How much work does the gravity do? (con’t.)

ii.) the magnitude of the displacement times the magnitude
of the component of gravity along the line of displacement:

ng = FH ‘d‘
=(mgsin0)(d)
(Notice the the cosine (90° —0) is the same as sin 6.)

ii.) THE BEST WAY using potential energy (I’ m going to assume
the “potential energy equals zero” level is the ground)!:

W, =-AU

g
=—(0-mgy)
=mgdsin6

h=dsin®

mgsin®
(magnitude of "mg"
along line of "d")




Ablock slides down an incline as shown. During the motion:

b.) How much work does friction do?
W, =[Fl|d]coso —%
= (f)(d)cos(180°) /
=—fd mg
= _(“'kN)d
=—(u, (mgcos®))d N

c.) How much work does the normal force do? _—7

/
W, =|F||d|cos®

= (f)(d)cos(90°)
=0

d.) Qualitatively, how would things have
changed if a shorter ramp at a steeper angle
were used to drop the mass the same vertical
distance?

--The amount of work gravity does is based on
the net vertical displacement of the body. That

hasn’ t changed, so the amount of work gravity h
does stays the same. d, = Sing
--The work the normal does is ALWAYS zero. h

--Friction is related to the magnitude of the normal force. In

this case, the normal force is equal and opposite to the

component of gravity perpendicular to the incline. As the

angle gets larger, the component of gravity normal to the

incline gets smaller (hence the normal force gets smaller— mg \l
think about it, if the incline is at ninety degrees, the normal

force goes to zero). Additionally, the distance over which the

frictional force acts gets smaller as the angle gets bigger

(look at sketch). In short, the work the frictional force does

goes down suggesting that if the block was free falling down

the incline, its velocity at the bottom would be greater for the mg
steeper incline.




