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a b s t r a c t
It has been shown that a non-contact force acts between two macroscopic physical objects held close
together, which is not associated with the gravitational and electrostatic force. An experiment was conducted with objects of different mass, material and geometry to find the magnitude and properties of this
apparent or pseudo force. The order of magnitude was found to be 105 and it remained constant for all
types of objects while only the coefficient increased as the distance between the objects reduced. It only
started acting at small distances and failed to make a body move if it experienced static friction from any
contact surface. The nature of the force was found to be attractive as well as repulsive. Due to gravitation
being a solely attractive force, it was eliminated as a possible reason for the pseudo force. The experiment
was performed twice, once by grounding the apparatus and then again without grounding. The order of
the force remained the same for both cases. As the test objects were held by hand, they were grounded
through the human body. Also, none of the objects used were in contact with each other for the duration
of this work, preventing any contact electrification. Due to these factors, the force was not considered
electrostatic in nature.
Ó 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Experimental design

A pseudo or apparent force of both attractive and repulsive nature has been found to be acting between two objects of different
mass, material and geometry, when they are held close to each
other in the absence of any electric or magnetic field. A simple
method to measure this force is by using an apparatus similar to
the torsion balance used by Henry Cavendish who used it to find
the density of the earth [1]. The apparatus would incorporate a
reference object which is hung by threads while the various test
objects are held near it, which will allow the pseudo force to attract
or repel the reference object, causing it to rotate either towards or
away from the test objects. The angular change in position of the
rotating reference object with time [2] is used to calculate the
magnitude of the pseudo force. Electrostatic force requires that
the two bodies be charged either by friction or by induction and
the type of charge acquired leads to attraction or repulsion [3].
Gravitational force is always attractive in nature. Both these forces
vary according to the inverse square of the distance between the
two objects. Hence, the experiment has been performed in a
manner which tests whether the pseudo force matches any of
the above mentioned requirements or properties of electrostatics
and gravitation or not.

The complete experimental system has been designed keeping
in mind that the force fails to move an object experiencing static
friction from any surface it is in contact with. Due to this sensitivity
of the force, the concept of a torsion balance has been used (see
Fig. 1).
Parts of the apparatus as labelled in the figure:
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1. Support beam from which the entire apparatus hangs.
2. Main cotton thread which connects the support beam to the
soft iron core.
3. Soft iron core which acts as a weight for the main cotton thread.
4. Ring fixed to soft iron core.
5. Threads whose one end is attached to diametrically opposite
sides of the ring (4).
6. Stainless steel rod to which the other end of the cotton threads
(5) are attached by tape at equal distance from the centre line.
7. White paper.
8. A torch which is kept perpendicular to the apparatus from the
top. This casts a shadow of the stainless steel rod (6) on the
white paper (7) below.
9. A protractor which is kept on top of the white sheet. The shadow of the stainless steel rod (6) falls on top of the protractor
which acts as a needle.
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Fig. 1. Photograph of the designed and fabricated experimental system to measure force of attraction or repulsion in various conditions. (a) Shows the entire apparatus, (b)
PVC pipe cap attracting steel rod, (c) iron billet attracting steel rod, (d) bolt attracting steel rod and (e) measurement of angle using the rotation of the shadow of the steel rod
on the protractor.

The following act as the testing objects:
10. Steel billet (Length 10.5 cm, Outer diameter 2.5 cm, Inner
diameter 0.8 cm, Mass 0.3604 kg).
11. Mild steel bolt (M8, Mass 0.0077 kg).
12. PVC pipe cap (25 mm diameter, Mass 0.0087 kg).
Care must be taken that the threads (5) are of equal length so
that the rod (6) maintains a straight line and is not inclined. Also,
the threads (5) should not be too short as it prevents the force from
making the rod rotate. In our case, the threads (5) were of 7 cm
length and the main thread (2) of 7.5 cm length. The rod and thread
materials have been chosen as steel and cotton respectively as they
are relatively neutral [5]. The billet, bolt and cap dimensions have
been taken randomly. Different dimensions for these can be taken
as well. Since the apparatus was not enclosed, the room conditions
were kept stable by removing sources of air movement, vibrations
and was performed at room temperature. Also, electronic devices
were kept away from the apparatus.

protractor on which the shadow of the rod falls was noted down.
Then the test object was introduced into the apparatus. The object
was held by hand at a particular distance from the stainless steel
rod for the required number of seconds, which was just sufficient
for the force to initiate movement of the rod towards or away from
the object. This time was measured on a stopwatch. Once the
movement of the rod began, the object was removed from the
apparatus and simultaneously another stopwatch was started.
The rod rotated about the centre line and hence the shadow of
the rod also rotated by the same amount on top of the protractor.
When the rod stopped rotating, we noted the final angle obtained
from the protractor. At this moment, the time on the stopwatch
was noted. This provided the time taken by the rod to complete
the arc. For successive readings, the rod was allowed to attain
equilibrium position first. In this manner, readings of angle (h)
and time taken for completion of arc (t) were tabulated.
The basic equations used to calculate the magnitude of force
are,

hf ¼ hi þ xt þ 0:5at2

ð1Þ

Experimental procedure
When the stainless steel rod attained equilibrium position with
a slight movement of about 2 degrees, the initial angle on the

where, Ѳi is taken as zero when the rod is in equilibrium state (rad)
and Ѳf is the final angle subtended on the protractor by the rod
(rad), x is the constant angular velocity, which is taken as zero
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(rad/s), a is the angular acceleration (rad/s2) and t is the time taken
by the rod to move from Ѳi to Ѳf in seconds, respectively.

F ¼ mr a

ð2Þ

where, F is the tangential force in N, m is the mass of the rod in kg, r
is the radius of the circle or half the length of the rod in metres and
a is the angular acceleration (rad/s2), respectively.
Various constant values considered for this experiments are
r = 0.0785 m, m = 0.0061 kg and Ѳi = 0 rad.
Limitations of design
Some errors in measurement of time and angle have been
caused due to not being able to maintain accurate distance
between test object and steel rod as the objects were hand held.
Slight variation in this distance caused the force to increase or
decrease in magnitude by small amounts. In addition, holding
the test object near the steel rod for more than 2 seconds caused
the rod to gain more momentum and move a greater arc distance.
There was an increase in holding time due to the steel rod not

being attracted towards the objects within 2 seconds for each trial.
Due to environmental factors resulting from the apparatus not
being enclosed, the steel rod oscillated by approximately 2 degrees
when in equilibrium. Hence, slight variation in this respect caused
changes in the readings accordingly.

Observations
Fig. 2 shows force verses serial number for the iron billet. In
attraction trial 1, the stainless steel rod was attracted towards
the billet and rotated in clockwise direction. Similarly, in
repulsion trial 1, the stainless steel rod was repelled away from
the billet in clockwise direction. Attraction trial 2 was performed
at a later time in order to obtain further values. In all the cases,
the iron billet was held at a distance of 1 cm from the stainless
steel rod for a time of 2 s before moving it away from the
apparatus. The measured mean attractive force for trial 1 was
of the order of 1.31  105 N with standard deviation of
2.19  106 N. The average repulsive force was measured to be
1.85  105 N with standard deviation of 3.56  106 N. For trail

Fig. 2. Variation of force acting on the steel rod each time the iron billet was brought close to it given by serial number. Trials were performed for attraction and repulsion,
rotating the steel rod in clockwise direction.

Fig. 3. Variation of Force acting on the steel rod each time the bolt was brought close to it given by serial number. Trials were performed for attraction, rotating the steel rod
in clockwise direction.
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Fig. 4. Variation of Force acting on the steel rod each time the PVC pipe cap was brought close to it given by serial number. Trials were performed for attraction, rotating the
steel rod in clockwise direction.

2 it was of the order of 1.56  105 N, with standard deviation of
3.29  106 N. For trial 1, average theta value was 31.6 degrees
in 6.39 s average time. For repulsion trial, average theta value
was 35.83 degrees in 5.73 s average time. For trial 2, average theta
value was 35.6 degrees in 6.21 s average time.
Since the bolt had no repulsive points, only attraction trials
were performed. Fig. 3 shows trial 1 and trial 2, both involving
attracting the stainless steel rod towards the bolt in a clockwise
direction. The bolt was held at a distance of 0.5 cm away from
the stainless steel rod for 2 s before being moved away from the
apparatus. The bolt-rod distance (0.5 cm) had to be kept less as
compared to billet-rod distance (1 cm) since the bolt was unable
to exert any noticeable attractive force from a distance of 1 cm.
In this case, the measured mean attractive force for trial 1 was of
the order of 1.78  105 N with standard deviation of
2.09  106 N and for trial 2 it was 1.58  105 N with standard
deviation of 3.95  106 N. For trial 1, average theta value was

31.2° in 5.392 s average time. For trial 2, average theta value was
29° in 5.606 s average time.
Forces acting between the PVC pipe cap and the steel rod are
shown in Fig. 4. The cap was held at a distance of 1 cm from the
stainless steel rod for 2 s before moving it away from the apparatus. The rod was attracted towards the cap in a clockwise direction
with a mean force of 1.40  105 N with standard deviation of
2.44  106 N. Average theta value was 15.66° in 4.26 s average
time.
The same experiment was conducted by grounding the apparatus using a copper wire and two stainless steel rods (Fig. 5a). One of
the grounding steel rods of length 20 inches was connected to the
main steel rod using a copper wire. The other rod of length 10
inches was connected to the main thread. This was done to eliminate the possibility of electrostatic charges causing the motion of
the main steel rod. When cello tape is ripped off of the roll, some
of the shared electrons may go with the tape and leave the roll,

Fig. 5. Different objects used with grounded apparatus (a) grounded apparatus, (b) spring, (c) steel billet and (d) pen.
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Fig. 6. Variation of force acting on the steel rod each time the steel billet was brought close to it given by serial number. The force was solely attractive, rotating the steel rod
in clockwise direction.

resulting in negatively charged pieces of tape [4]. The steel rod may
have acquired this negative charge through the triboelectric effect
[6] while performing the experiment without grounding. Hence,
the use of tape was avoided and the threads were directly tied to
the main steel rod. The experiment was performed inside an
enclosed space with only one side open in order to access the
apparatus. The objects used for interaction with the main steel
rod were as follows: A steel spring (Fig. 5b), a solid cylindrical steel
billet (Fig. 5c), a metallic pen (Fig. 5d). The main steel rod achieved
equilibrium position within a short span of time with negligible
movement between consecutive readings due to being connected
by the copper wire.
Mass of solid billet was 0.4015 kg. The mean force of attraction
for the billet (Fig. 6) and the bolt (Fig. 7) were 9.2  105 N and
5.04  105 N with standard deviations of 6.15  105 N and
2.42  105 N, respectively. For the billet, average theta value
was 3.9 degrees in 1.13 s average time. For the bolt, average theta

value was 1.96 degrees in 1.043 s average time. The billet and the
bolt were held at 5 mm and 2 mm respectively from the steel rod
for 1 s.
Mass of spring was 0.0159 kg. For the spring (Fig. 8), the
mean force was 25.95  105 N with standard deviation of
28.54  105 N. Average theta value was 2 degrees in 0.548 s average time. The spring was held at 5 mm from the steel rod for 1 s.
Mass of pen was 0.0213 kg. There was repulsion between a
point on the pen surface and the main steel rod while on other
points there was attraction. The values in the graph are for the
repulsive point only. The mean force was obtained as
3.52  105 N and with standard deviation of 9.37  106 N
(Fig. 9). Average theta value was 3.07° in 1.563 s average time.
The pen was held at 2 mm from the steel rod for 1 s.
All distances between the objects and the main steel rod were
the minimum distance (r) from which the objects were able to just
initiate movement of the steel rod. For the grounded apparatus,

Fig. 7. Variation of force acting on the steel rod each time the bolt was brought close to it given by serial number. The force was solely attractive, rotating the steel rod in
clockwise direction.
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Fig. 8. Variation of Force acting on the steel rod each time the spring was brought close to it given by serial number. The force was solely attractive, rotating the steel rod in
clockwise direction.

Fig. 9. Variation of force acting on the steel rod each time the pen was brought close to it given by serial number. The force was solely repulsive, rotating the steel rod in
clockwise direction.

r was smaller as compared to the ungrounded apparatus since the
copper wire attached to the steel rod restricted free movement.

Results and discussion
This fundamental experimental work reveals the magnitude
and nature of the pseudo force acting between various bodies.
From the calculations performed it is seen that the order of magnitude of the force remains unaffected irrespective of the materials,
geometries and distance between the objects. The value of this
force was found to be of the order of 105 after performing the
experiment twice in open and closed environmental conditions
which shows that external factors were not disturbing the apparatus. Using the value of gravitational constant G and mass of the rod
(m1) in the formula F = (G * m1 * m2)/r2, the value of force is found
to be of the range 10–11 to 10–9 N, depending on the mass of
object (m2) and the distance between the objects and the steel

rod (r). This along with the observation that the force can be repulsive shows that the force is different from gravitation. It is seen
that the reaction from the force exerted by one object becomes visible only within a certain small distance from the other object.
When the experiment was performed using a copper wire tied to
the main steel rod, it restricted free rotation of the rod. In this case
it was seen that the objects were required to be brought much closer as compared to the apparatus without the copper wire, in order
to just initiate the motion of the rod. Thus it can be stated that the
coefficient of the force increases as the distance between the
objects reduces while the order remains constant. The relation of
the force with the mass of object is unclear. Comparing the case
of the attraction between spring and rod with that of billet and
rod shows that the spring exerts a greater force on the rod despite
it having lesser mass than the billet. The distance between the rod
and object was same for both objects. This shows an inverse relation. In contrast, even though the bolt is lighter than both the billet
and the spring, it had to be brought closer to the rod in order to
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exert any attraction, hence showing a direct relation. All the cases
considered here have been taken from the grounded apparatus for
uniformity.
The test objects used in the experiment were held by hand, so
any static charges present were grounded through the human
body. None of the objects were in contact with each other during
the experiment due to which contact electrification did not occur.
The force readings obtained after repeating the experiment with
the grounded apparatus and without using cello tape for attaching
threads showed no deviation from the order of the force values
obtained from the ungrounded setup. All these factors indicate that
electrostatic force is not involved. Hence, it can be concluded that
this pseudo force is not the same as gravitational force or electrostatic force, but some other force of constant order which acts
continuously on different types of bodies kept close to each other.
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