Week 4 : Day 3
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Friction: We can explore the basic properties of friction by
analyzing the following experiment based on our everyday
experience. We have a heavy crate resting on the floor. We
push the crate to the left (frame b) but the crate does not move.
We push harder (frame c) and harder (frame d) and the crate
still does not move. Finally we push with all our strength and
the crate moves ([rame ¢). The [ree-body diagrams [or [rames
a-e show the existence of a new force]_‘;, which balances the
force F with which we push the crate. This force is called the
static frictional force. As we increase &, f, also increases and
the crate remains at rest. When F reaches a certain limit the
crate "breaks away" and accelerates to the left. Once the crate

starts moving the force opposing its motion 1s called the

kinetic frictional forcef;. /. < /.. Thus if we wish the crate to
move with constant speed we must decrease F so that it

balances f, (frame ). In frame (g) we plot /' versus time 7.
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Maximum value of friction forces is callede
limiting value of static friction. This condition is
also called theampending motion.
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The general case for equilibrium condition
F<mN

FmayznsN
Wheremis the coefficient of static friction, and is
Independent of normal forces and area of contact.

Once the body starts to slip

mp<m

F=mN

Wherem is the coefficient of dynamic friction
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TF
" fs,max — ILISFN O < fs < IusFN f}c — ll’lkFN

Property 1. If the two surfaces do not move with respect to each other, then

the static frictional force Z balances the applied force 7'
Property 2. The magnitude / of the static friction 18 not constant but varies
from 0 to a maximum value f, = g ;. The constant g 1s known as

the coefficient of static friction. If I exceeds f, . the crate starts to shde.

Property 3. Once the crate starts to move, the frictional force ﬁ 18 known as
kinetic friction. Its magnitude 1s constant and is given by the equation f, = g /' .
i, 18 known as the coefficient of kinetic friction. Wenote that f, < £

Note 1: The static and kinetic friction acts parallel to the surfaces in contact.
The direction opposes the direction of motion (for kinetic friction) or of
attempted motion (in the case of static friction).

Note 2: The coefficient g, does not depend on the speed of the sliding object.
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Newton 2nd law:
F, =mgsing- mN =0

F, =N - mgcosg =0
Then N =mgcosg

F, =mgsing- mmgcosg =0

So
tang = n,
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You are pushing a box uphill the hill has a pitch
of 15°above the horizontal, and the static and
Kinetic friction coefficients between the box and
the hill are 0.45 and 0.35. The box has a mass
of 40 kg. You push horizontally with a push of
180 N, and the box is initially moving uphill. Find
the acceleration of the box.
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This is a brief experiment
that will let you see the
properties of frictional force.

Set up the lab-pro and copy
the file friction (located in
the Labpro folder within the
Team Physics 311 folder) to

MyDocuments , then open it .

Connect a force sensor to
Channel 1. Be sure it is on
the 10 N setting. Calibrate
the force sensor.

Obtain a track, a sheet of
sand paper, a friction block,
and two black bars. Measure
the masses of the bars and
of the block.
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Measuring Friction

This is a brief experiment that will let you see the properties afdnal force.

Set up the lab-pro and copy the fitietion (located in the Labpro folder within the Team Physics 311
folder) toMyDocumentsthen open it .

Connect a force sensor to Channel 1. Be sure it is on the &@lifgsCalibrate the force sensor.

Obtain a track, a sheet of sand paper, a friction block, and two lid@askMeasure the masses of the
bars and of the block.

Note: The friction blocks have wood and felt sides Only use theowd side!
Connect the block and the force sensor with a string. Place ooe bap of the block.

Measure the force as you pull the block at constant speed (doegiyriimth on sandpaper and on
metal. Find the average force in each case and then find the coeffidigction for the case of wood-
on-sandpaper and wood-on-metal. Record the average force, the standatidrdeand the number of
points included in the average.

Turn the block on its edge and repeatrtteasurements, still with one bar on top. Does the coeffici
friction depend on the surface area?

Now return to the large area and place two bars on top. Repeatéisenements. Does the coeffici
of friction depend on the normal force?




