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2 Introduction

1) Objective: To conform that net force made from several force in

equilibrium is zero by using a force table.

2) Hypothesis: The net force of all tensional force acting on three (or

four) wires is zero.

3) Apparatus: Force Table, Cords, Pulleys, Hangers, Ring, Graph paper,
Ruler

3 Procedure

1) Assemble a force table, in the figure.
2) Put different amount of weights in three hangers.

3) One cord is set on 0°.

4) Three force are balanced by trial and error.

5) Record the angles and the mass of weights,

6) Calculate force in N. obtain the length of an arrow expressing the
magnitude of each force vector.

7) On graph paper, net force is obtained using the parallelogram method
and using head-to-tail method.

8) Repeat the above using four hangers.

9) Repeat the above but the four force are slightly off the balance. Obtain

the net force.
10) Perform the math method and compare the results with the graph
method. (Exp.1~3)



4 Result

(1) Tablel, three forces are balanced

Length of an arrow 1N = 3cm

Exp.1 | Mass of Weight [kg] Force [N] | Arrow [cm] | Angle [° ]
A 0.2 kg 1.96N 5.88cm 0°
B 0.15kg 1.47N 4.41cm 85°
C 0.25kg 2.45N 7.35cm 212.5°
*Force = mass X gravitational acceleration = mass X 9.80m/s2
(2) Table 2, Four forces are balanced
Length of an arrow 1N = 3cm
Exp.2 | Mass of Weight [kg] Force [N] Arrow [cm] Angle [* ]
A 0.3kg 2.94N 8.82cm 0°
B 0.2kg 1.96N 5.88cm 109°
C 0.25kg 2.45N 735em 180°
D 0.2kg 1.96N 5.88cm 2067
*Force = mass X gravitational acceleration = mass X 9.80m/s?
(3)  Table3, four forces are not balanced
Length of an arrow IN = 3cm
Exp.3 | Mass of Weight [kg] Force [N] Arrow [cm] Angle [° ]
A 0.3kg 2.94N 8.82cm 0°
B 0.2kg 1.96N 5.88cm 109°
C 0.3kg 2.94N 8.82cm 180°
D 0.2kg 1.96N 5.88cm 276°

*Force = mass X gravitational acceleration = mass X 9.80m/s?




(4)  Table4, Math Method of Exp.1

Exp.1 F ?) Fx = Fcos 6 Fy =Fsin 0

unit [N] [° ] [N] [N]

A 1.96 0 1.96 0

B 1.47 85 0.128 1.464

C 2.45 212.5 -2.066 -1.316
YFx, TFy 0.022 0.148

F= JEFx)* + EFy)? =,/(0.022)2 + (0.148) = 0.149 = 0.15N

Fy

0= tan'lsz = tan =81.54 = 82° OK
(5)  Table5, Math Method of Exp.2
Exp.2 F 0 Fx=Fcosf |Fy=TFsing |
unit [N] [* ] [N] [N]
A 2.94 0 2.94 0
B 1.96 109 -0.638 1.853
C 2.45 180 -2.45 0
D 1.96 276 0.205 -1.949
IFx, ZFy 0.057 -0.096
F= J(EFx)? + (ZFy)* =,/(0.057)2 + (~0.096)? =0.112 = 0.1IN .
—1 ZFy ° {‘:} ,V\
0= tan~1=2 = =-59.36 = 300.7
(6) Table6, Math Method of Exp.3
Exp.3 E 0 Fx = Fcos 0 Fy = Fsin 8
unit [N] [ ] [N] [N]
A 2.94 0 2.94 0
B 1.96 109 -0.638 1.853
C 2.95 180 -2.95 0
D 1.96 276 0.205 -1.949
*Fx, TFy -0.443 -0.096
F= J@EFx)? + (ZFy)? =,/(-0.443)? + (—0.096)2 = 0.453 = 0.45N S
s =12.50 = 12.5°x

1 Z
0= tan~1==
TF

= tan
x
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5 Discussion

1) Exp.1

- In Figl, the length of 4 is almost same as length and force of B + C.
And their arrows are almost opposite direction.

- In Fig2, the tail point of ¢ almost reaches the head point of A.

- In Fig2, net force is almost zero. (0.2N which is found by graph).

- In Table4, net force is almost zero. (0.149N which is found by
calculation.)

=From these sentences, three forces are balanced. And the equation is

made.

A+B+C=0
=From calculation result of Table4, the ring is pulled by 0.15N to 82°

2) Exp.2
- InFig3, the length of 4 + B is almost same as length and force of
B + €. And their arrows are almost opposite direction.
- In Fig4, the tail point of D almost reaches the head point of A.
- In Fig4, net force is almost zero. (0.133N which is found by graph).
- In Tableb, net force is almost zero. (0.112N which is found by

calculation.)
= From these sentences, four forces are balanced. And the equation is
made.

A+B+C+D=0

=From the calculation result of Table5, the ring is pulled by 0.11N to
300.7°



3) Exp.3

- In Fig5, the length of 4 + B is not same as length and force of B + C.
- In Fig6, the tail point of D does not reach the head point of A.

- In Fig6, net force is not zero. (0.5N which is found by graph).
- In Table5, net force is not zero. (0.453N which is found by

calculation.)

=From these sentences, four forces are not balanced.

=From the calculation result of Table6, the ring is pulled by 0.45N to

12.5°

4) Error

Exp.1 Force (N) Angle (° )
Calculation 0.15N 82°

Graph 0.2N 80°

Error 0.05N 2°

Exp.2 Force (N) Angle (° )
Calculation 0.1IN 300.7°

Graph 0.133N 302.0°

Error 0.023N 1.3

Exp.3 Force (N) Angle (° )
Calculation 0.45N 12.5F e
Graph 0.5N 11.5° ¢¥/, ¢t
Error 0.05N 0.5°

6 Conclusion

The net force made from several force is 0 at equilibrium

A+B+C+D=0




7 Opinion

In this experience, it was difficult to find the angles where the ring become
the center. I learned how to drew parallelogram method and head-to-tail
method, also I learned how to use math method. And I learned net force

will be 0 when forces are balanced

8 Reference T

Ryuki Shigeta & Chiaki Nagai’s report.
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