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Fig.3 The variation of tension in spring
wrapped around the cylinder

Fig.2 Force table modified for this experiment




A Novel Measurement of the Distri-
bution of the Tension of a cord In

Contact with a Bronze Cylinder
ABSTRACT

A cord is wrapped around a bronze chlinder. At the moment the cord
moved. the tensions at each side are T, and T:. The relationship T.=T.e*’
can be derived by calculus where & is the coefficient of the static
friction on a cord wrapped around the bronze cylinder, and € is the
wrap angle. Then # can be calculated from the intercept according to
the plotted figure 1nT, vs. 1nT:, but the tension of each point on a
cord can not be measured directly. In the present report, a new method
is proposed to overcome this issue.

When a spring wrapped around the bronze cylinder is projected onto
the screen, the variations of tension in different wrap angles are
measured precisely. The relationship T=T.e*’ can be directly confirmed
by measruing the tension of a cord at each point. Moreover, the coef-=
ficient of the static friction on a steel wire wrapped around the cyl-
inder can be gotten from the slope on the basis of the plotted figure
£nT vs. LnT.

I ~ INTRODUCTION

As everyone knows, a relatively small force T., applied to a rope,
can often support a much larger force T: merely by wrapping the rope a
few times about a post. A theoretical discussicon on this phenomenon can
be found in many textbooks of mechanics or general university physics'.
But no experimental testfication of this phenomenon is introduced in
textbooks in our knowledge. Ten years ago, Bettis® experimented with a
force table. Masses were hung at the both ends of a string, and the

bolt of the force table was wrapped around with the string which passed
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over the pulleys. So the wrap angle is fixed. Thus, the errors caused

by swinging masses can be reduced. Levine® measured the coefficient of
kinetic friction with a string wrapped on a horizontal cylinder. He
also hung a spring, 35.5cm in length, with force constant 3500 dy/cm,
on a horizontal cylinder with unequal weights suspended from its ends.
The variation of tension in the spring was observed from the change of
coll spring spaces.

In thig report, a novel method of measuring the distribution of the
tension of a cord in contact with a bronze cylinder is proposed. A
spring with foce constant 400 dyvnefcm wraps over a bronze cvlinder. An
overhead projector is used to project it on the screen. The tensions
of the spring in different wrap angles are accurately measured. The
relationship T=Te*" is directly confirmed by measuring tension of
each point of the spring. The coefficient of static friction of a cord
in contact with a bronze cylinder. can be gotton from the interception
on the #n T; according to the plotted figure €n T vs. £n T,

- THEORY
LA cord in contact with a clamped, nonrotating cylinder has forces
T, T:at the free ends (T,<T2). The wrapangle is #. & is the coefficient
of static friction. Suppose that the curve of Fig.l is rough and that
the cord is just on the point of slipping in the direction AB. That
is, in addition to the tension T and the normal force N, there is
a force of friction fs acting on the cord in the opposite direction.
(T+dT)cos(d & :)=Tcos(d @ )+ ferwrmemena(1a)
(T+dT)sin(d @ 2)+Tsin(d & ) =N--r==er-rm e 1b)
VdE—0 .d8—0, d8 .0,
Thus
T+dT=T+f;
Td & :+Td @ ,=N
de=d@,+déd,
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Fig.l A cord is in contast with & cylinder

Because the maximum static friction force fs= uN, then let us
combine Eqs.(2a) and (2b).

We have dT=uTd#

or

dI/T=pudé

Integrate both side of the above equation, we have

n(To/T)= gt @eemromrmmnnnn(3a)

STa=Tye* feereersnsnss(3h)

2n Te=Ln Tt g @ rreemenenes(3c)

1l ~ EQUIPMENTS
1.Fishing thread : No.2
ZA balance
1A force table with two pulleys
4 Some standard weights
5.A bronze cylinder replacing the bolt of force table (ry=1.80cm)
6.A hollow bronze cylinder (r:;=5.13cm) clamped horizontally on a supportes
1A soft spring [f‘nrce constant 400 dy/cm, 20cm in length, made of an
iron wire of diameter 0.23mm)
8.An overhead projector

9.A protractor




IV ~ METHOD

1. The bolt of a force table is replaced by a bronze cylinder. A fishing

thread are wrapped around the cylinder in contact with an angle &,
and passes over the pulleys as shown in Fig.2. Masses are hung at the
both ends of the fishing thread. The masses are added and the tension
T, accordingly increases until the fishing thread starting to move.
At this moment T,, T: and # are recorded.

? Repeat step 1 at different angles.

3. A hollow bronze cylinder is clamped horizontally on a supporter.
A protrastor is attached on the bronze cylinder. Now the cylinder is
wrapped by the soft spring and unequal weights are suspended on both
ends. At the monent of the spring starts to move, the spring was projected
on the overhead projector. The individual spiral spring turns are quite
visible on the screen as shown in Fig.3. The tension at different parts

of the stretched spring may be obtained from the intercoil spring.

4 ¥ow take an iron wire which has the same material with the soft spring
in step 3. The bronze cylinder (r;=5.13cm) is wrapped by the iron wire
(the wrap angle is 180° ). Masses are hung at both ends of the iron

wire as did in Process 1. Then T., T: are recorded.

YV » RESULTS AND DISCUSSION

|.T, is given, then the correspondng T: is measured for three different
wrap angles, e.g. 90° ,180° and 270° In this experiment, T: is set at
4.878gw 9.924gw, 29.752gw39.843gw, 50.623gw and 60.447gw, The
corresponding T{90° ) T180° ), and T270° ) are measured, All measured
datum are listed in Tablel . Fgd shows the poltted figure £n T: vs.
In T,, in which we obtain three parallel stiaight limes. The measured

slop is one, in good agreement with Eq{3C)
Table 1:T,,T: of different wrap angles

T{aw) 4.878 9,924 29,782 39,943 50.623 60. 447
T.(90" ) B.524 17.194 51.921 70.751 88,134 105.27
T180° ) 13.305 26.651 BO.254 106.97 135.32 163.20
To270° ) 17.324 33,693 102.75 137.82 174.67 208.59
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Fig.4 Graph of tension £ nTy, fnl; of different wrap angles

(I)Line 1: The intercept is 0.55=p @ =u (=/2). Thus m, is
0.357.
(20Line 2 : The intercept is 1.01=pu # = p,x . Thus w. is 0.321.
(3)Line 3 : The intercept is 1.26= u 6 = u4(3x/2). Thus ms is
0.270.
The coefficient of static friction decreases (uw < wu.<u,) as the sum
(T\+T:) increases. Apparently, due to a small wrap angle and low tension
in cord, the friction force is relatively small, and the coefficient
g is anomalously large. Recalling that the linear relationships that
describe macrospic friction are approximations®.
2.The datum listed in Table 2 are the measured results of the individual

spiral spring calculated from Fig.3.

Table 2:The tension distribution of the spring

8 (degree) 0| 10.0f 20.0f 30.0| 40.0| 50.0| 60.0| 70.0| 80.0| 90.0
8 (rad) 0.000| 0.175| 0.349| 0.524| 0.698| 0.873| 1.047| 1.222| 1.396| 1.571
Talgw) 4.952| 5.162| 5.382| 5.610| 5.848| 6.097| 6.356| 6.626| 6.907| 7.200
T/ T 1.000| 1.042| 1.087| 1.133| 1.181| 1.231| 1.284| 1.338| 1.395| 1.454
InTy/'T, 0.000| 0.042| 0.083| 0.125| 0.166| 0.208| 0.250| 0.291] 0.333] 0.374
8 (degree) woel 1| 120 130] 40| 150l 10| 170|180
8 (rad) 1.745| 1.920| 2.094] 2.269| 2.443| 2.618| 2.792| 2.967| 3.142
Talgw) 7.507| 7.826| 8.158] £.504| B.386| 0.242| 9.635| 10.04] 10.47
To/'Ty 1.516| 1.580| 1.647] 1.717| 1.790| 1.886| 1.946| 2.028| 2.115
InTy/'Ty 0.416| 0.458| 0.499| 0.541| 0.582| 0.624| 0.586| 0.707| 0.749




(The To/T vs. @ curve is plotted in Fig.5. It is in agreement with
Eq(3b) T=T, E:j'f The tension of the spring wrapped on cylinder increase
with & exponentially.

0 20 40 60 820 100 120 140 160 180
& (degrec)

Fig.5 The tension distribution of the soft spring

(2)The £n(Ts/T) vs. € plot shows a straight line passing through the
origin point. It's slope is w . We get the coefficient of static

friction of the spring with the bronze cylinder to be w =0.241.

InTyTy 0.4

0.2
0.0

0.0 1.0 20 3.0
& (radian)

'-I'-ig.ﬁ the plot of £n{T/T.) vs. angle




J.The datum in Table 3 are tensions of the iron wire which has the same

diameter as the spring. The slope of Fig.7 is one, too. And the intercept
is 0.213.

Almost the same result is gotten as in the spring wrapped around the

on the vertical axis £nT: is 0.670=u f#=u=x. Thus W

bronze cylinder.

Table3:T: ~ T: of the iron wire on the cylinder

VI ~ CONCLUSION

1.The equation for static friction is related with the tension at the
ends of the cord T:STwe*’. We can get u from the intercept of £n
T: vs. €n T, plot.

2.The tension distribution of a cord can be modified by a soft spring

wrapped around a cylinder. The variations of tension in different

Fig.T Graph of the iron line

Ti(gw) 9,844 20.086 | 20.867 40,018 49. 649 58,728
To{gw) 19.756 39.855  |60.548 80,585 100.74 121.33
0.0 1.0 20 3.0 4.0
InT,

wrap angles are in a very good agreement with T=T.e"".
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