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Abstract- The objective of this paper is to analyse the effects of sliding friction on the motion of a Personon a rough vertical 
circular slide. Aslide which represents a quadrant of radius 5m and a person of mass 60kgis considered for comparison in 
this paper. A Differential equation for motion is establishedand is solved using integrating factor method andthe motion is 
analysed for different surface roughness of the slide and is compared using superimposed graphs,also the value of critical 
coefficient of friction beyond which the person does not exit or come out of the slide is determined.The correction factor for 
exit velocity with friction is determined. The fraction of energy lost to friction at the exit is evaluated. The Variation of 
normal force with the position of the person on the slide is plotted for different surface roughnesses of the slide, and the 
position on the slide where the normal force or the force experienced by the person is maximum, is determined and hence its 
maximum value is evaluated for different surface roughnesses. For simplicity a point contact between the body and the slide 
is considered  
 
Index terms-critical coefficient of friction, correction factor, exit velocity, integrating factor method, sliding friction, 

 
I. INTRODUCTION 
 
Friction put in simple words is resistance to motion 
because of the contact between the body and the 
supporting surface. In most cases it leads to the 
wastage of energy but it can also be beneficial like in 
walking. Friction force is obtained by multiplying 
friction coefficient and normal force acting 
perpendicular to the rough surface, in most cases the 
normal force is either a constant or a simple function 
of weight, and the analysis is mostly done for motion 
on a rough straight path, but when motion on a rough 
vertical circular track (in this paper, a slide) is 
considered the analysis becomes complicated as the 
normal force depends both on the sincomponent of 
weight (thus it depends on the angle of inclination 
with horizontal) and also on the tangential velocity 
(which produces centrifugal force acting normally on 
the slide-body interface) thus it is a complex function 
which varies with two parameters (ө, v), for which a 
differential equation for motion is established and 
solved, considering all the relevant factors. 
 
II. PROCEDURE 
 
1 First a slide which represents a quadrant of 

radius 5m (for simplicity) is assumed on which 
the person of mass m=60kgslides from the 
top(ө=0)to the exit or the end of the slide 
(ө=90degree) and the differential equation for 
motion is established and is solved using 
integrating factor method to get the variation of 
tangential velocity(v) with the position(ө) on the 
slide 

2 Exit velocity(the velocity at which the person 
exits the slide) is determined as a function of  
friction coefficient(u).The correction factor for 
exit velocity with friction, is determinedand the  

 
value of critical friction coefficient beyond  
which the person ceases to exit or come out of 
the slide is determined 

3 Motion is analysed for different surface 
roughness(different values of u) of the slide  and 
a superimposed graph of v vs ө is plotted to 
clearly show the effects of different surface 
roughness on the velocity profile 

4 The variation of the normal force on the person 
with his positionon the slideis plotted and the 
position where the normal force is maximum and 
hence its value is determined for different surface 
roughness values of the slide  

5 Percentage of energy lost to friction is 
determined as a function of coefficient of friction 
u and a graph is plotted between the two 
 

III. MATHEMATICAL FORMULATION 
 

 
Figure 1.  Free Body Diagram of the person 
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For different values of u, different positions (өn) 
values for which the normal force is maximum are 
obtained 
 
IV. RESULTS AND DISCUSSION 

 
1. vexit vs u 

Considering a case where R=5m, exitvelocity vs 
u  graph is plotted 

 

 
Figure 2. Variation of vexit with u 

 
It can be inferred from the graph that exit velocity 
rapidly decreases with increase in friction coefficient 
u, when u=0, vexit =9.9m/s ( 2푔푅) and it becomes 
zero (the person does not come out of the slide) at 
aparticular value of u called critical coefficient of 
friction uc 
uc  can be obtained by equating vexit  to zero 

vexit=
2푔푅(1− 2푢  − 3푢푒 ∏  )

(4푢 + 1) =0 

 
Which gives : 
1− 2푢  − 3푢푒 ∏  =0(13)   
After solving uc is obtained as0.60259, thus for all 
practical purposes, the person comes out only if the 
roughness combination of his clothing and the slide 
surface produces a friction coefficient of less than 
0.60259(for all u<uc) 
 
 
A table below lists the values of exit velocity for 
different values of u (R=5m) 
 
Table 1. vexit vs u  

 

2. V vs ө 
This gives the variation of absolute velocity of the 
person with his angular position (ө)  on the slide, the 
curves are plotted for different values of friction 
coefficient u of the slide surface and the graphs are 
compared by superimposing 
 
 

 
Figure 3. v vs ө for different surface roughness (u) 

 
It can be inferred from the graph that as coefficient of 
friction u increases, the curve shifts downwards and 
at u= uc (critical coefficient of friction) the curve 
touches the x axis thus vexit will become zero and it 
will remain zero (the person will not come out) for all 
values ofu> uc 

 
3. Variation of normal force(N) with ө 
 

 
Figure 4. Normalforce (N) vs position (ө) 

 
It can be inferred from the graph that as coefficient of 
friction u between the person and the slide increases 
the normal force reduces as the curves shift down for 
higher values of u and the normal force is minimum 
for u=uc(critical value) 
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Table 2. Tabulation of Nmax and өn for different u 
values 

 
 
4. F vs u 
This graph shows the variation of fraction of energy 
(F) lost at exit with friction coefficient u 

 

 
Figure 5. Variation of F with u 

 
Thus it can be inferred from the graph that as 
coefficient of friction u increases the fraction of 
energy lost F also increases and it becomes equal to 1 
as u approaches 0.60259(critical coefficient of 
friction uc ) thus F=1 when u=uc 
 

Table 3.list of F (%) values vs u 

 

CONCLUSION 
 

Thus the effects  of the sliding friction on the motion 
of a person of mass 60kg  on a rough vertical circular 
slide(of 5m radius)is analysed using exit velocity as a 
comparison variable which is expressed as a product 
of exit velocity without friction and the correction 
factor(f). The critical coefficient of friction is 
determined and the fraction of energylost to friction is 
evaluated and the normal force experienced by the 
person is plotted against his position(ө) on the slide 
and position on the slide where the normal force is 
maximum is determined hence its maximum value is 
determined for different surface roughness of the 
slide(u values) and it can be inferred from the results 
that the normal force on the person is minimum for 
critical friction coefficient (0.60259) between the 
person and the slide surface 
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APPLICATIONS: 

 
1. This model can be applied to the motion of 

products down a similar ,circular vertical 
transfer ducts in industries to optimize the 
motion by choosing appropriate surface 
roughness of the duct, for example the 
products can be made to stop exactly at the 
exit or outlet by choosing the duct surface that 
offers critical coefficient of friction, 
uc(0.60259) 

2. It can be applied to analyse the motion of 
skaters down a ramp and hence to optimize 
their motion. 

 
 
 
 

 
 

 

 
 

 
 
 

 
 
 

 


