
FRICTION

If a cord is passed around a post or a beam and the tensions in the two segments are
different, friction between the cord and the beam plays a role in controlling the motion
of the cord (Fig.1). It is observed that to hold a body suspended at one end of the
cord, the minimum force needed at other end of the cord is less than the weight of the
body due to the presence of frictional forces. With the increase in the number of turns
around the beam the decrease in force is spectacular. Sailors are known to use this
idea for arresting the motion of ships by winding ropes tied to ships around posts at
the docks.

Fig.1

Objective:

To explore the relationship among the three quantities: the load W (=Mw g), the
minimum effort P (= Mp g) needed to keep the system in equilibrium and the angle
θ, subtended by the segment of the cord in contact with one or more beams, by
systematically varying these quantities and to express it in the form of an equation.

Apparatus:

Sr. Item QuantityNo.
1 An apparatus consisting of four pieces of steel pipe on

four sides of an identical vertical piece at the centre, all
fixed on a wooden platform

1

2 An acrylic sheet (with lines 1.5 mm apart) mounted in
front of one of the horizontal pipes

1

3 A plastic pan (including supporting rods) with its mass
(Mpan) written on its side

1

4 A magnifying glass with torch 1
5 White cord with blue markings (Dial cord) 2 pieces
6 Pink cord 1 piece
7 A weight box containing following weights

500.0 g 1
200.0 g 2
100.0 g 1
50.0 g 1
20.0 g 2
10.0 g 1
5.0 g 1
2.0 g 2
1.0 g 1

8 A body of unknown mass, Mu 1
9 A hanger of slotted weights with hook (each weight 100.0

g and total weight 800.0 g)
1

10 A piece of cleaning cloth 1



The blue switch can be moved to switch the torch ON/OFF. The acrylic plate with
lines ruled on it is provided to detect the motion of the cord. The lines on the acrylic
plate can be taken as reference against which the motion of the cord can be observed.
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with hook Fig.2(i) Complete set-up

Experimental Procedure:

Caution: Do not touch the surface of the pipes with which the cord would
be in contact. Any greasy material can change the frictional properties of
the surface (surface of the pipes as well as the cord). A cleaning cloth is
provided if required.

Part 1:

(Note: Use the dial cord in this part.)

Use the hanger with slotted weights as load Mw. Attach the load at one end of the
given piece of dial cord (whose mass is negligible) and a pan (with known mass) at
the other. A weight box with weights is also provided. The angle θ subtended by the
cord can be changed by passing it over/around two or more of the given pipes. (Refer
Fig.3).



Fig.3 Schematic arrangements of the assembly for angles πππ and 3πππ/2
respectively

The minimum value of angle θ is obtained when the cord passes over two parallel rods
without making any contact with the central post (Fig.3). By winding the cord around
the vertical post and shifting the position of the effort the angle θ can be changed by
steps of π/2. The load Mw should be suspended from the pipe to which the ruled
acrylic plate is mounted.

For increasing the angle θ the cord is to be turned around the central vertical post. To
observe whether the cord suspending the load is slipping over the pipe, the transparent
acrylic plate is provided. You can use the magnifying glass with torch to view whether
the cord is slipping over the pipe. Ideally one should note the effort Mp when the
load Mw is on the verge of moving down (overcoming static friction). But that is not
possible. However, it is possible to determine the interval [Mp−, Mp+] within which
this value lies. Since this interval is a measure of the uncertainty in the magnitude of
Mp, it should be made as small as possible.

For θ = π, take observations over as wide range as possible with the weights provided.
Make estimate of the uncertainties in the observations. Plot the necessary graphs and
combine the results from the graphs to get the desired equation. On the basis of the
analysis of your data write down the quantitative relation giving value of P in terms
of W and θ. The value of P is also dependent on friction between the cord and the
pipe. Identify the term in your equation which accounts for friction and equate it to
the coefficient of friction µ for the given system. Estimate the expanded uncertainty
in its value.

Part 2:

(Note: Use the pink cord in this part.)

A body of unknown mass Mu and a pink cord is provided. Suspend the unknown
mass from one end of the cord and the pan from the other end. Write down the
relevant equations to determine Mu and µu. With θ = π, take necessary observations
to determine its mass and the coefficient of friction between the pink cord and the pipes
using the relationship obtained in the experiment. Estimate the expanded uncertainty
in your results.

Note on uncertainty evaluation

1) If it is observed that the magnitude X of a quantity to be measured lies somewhere
in an interval [X1, X2], and there is equal probability that it can have any value in this
interval, then the probability distribution is said to be uniform or rectangular. The
standard uncertainty for such distribution is given by |X1 −X2|
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.

2) After evaluating the combined standard uncertainty in a measured quantity, the
result is stated with an expanded uncertainty. If the expanded uncertainty is taken
equal to twice the combined standard uncertainty, the confidence level is approximately



95 %. The number giving expanded uncertainty is rounded upwards to retain a single
digit (generally) and the number giving the magnitude of the measured quantity is
rounded to keep appropriate number of digits such that the last digit has the same
decimal place as that of the expanded uncertainty.


