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Abstract:
1)The aims of the experiment: to study the concepts of force and torque, 

the conditions for translation and rotational equilibrium and to learn analytic

and graphical methods for the addition of vector quantities.

2)The method used: by drawing on a piece of paper the status of the masses in static equilibrium with their ropes.








3)Apparatus: drawing board, set of masses (10-1000g),weight holders, pulleys                                                     and spring balances.
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4)Main results:
From graph 1: 

     U1= (0.005 ± 0.019) N.      U2= (0.03 ± 0.03) N .        Fnet= (0.03 ± 0.03) N.

From graph 2:
     U1= (0.040 ± 0.009) N.      U2= (0.019 ± 0.018) N.     Fnet= (0.044 ± 0.016) N.

From graph 3:
     T1 = 4.4 × 9.8 ×10-3 = 0.043 N.            T2 = 4.5 × 9.8 ×10-3 = 0.044 N.


Theory:
For an object to be in equilibrium, two conditions must be met.  The first condition is that the sum of all forces acting on the object must equal zero (𝛴𝐹=0).  The second condition is that the sum of all torques acting on the object must be zero 𝛴𝜏= 0.  Where Fnet is the vector sum of all external forces acting on the body, and 𝜏net  is the vector sum of torques.

When the  net force on an object is zero ,the x-component and the y-component are both zeroes. That means:
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we use this technique to analyze the forces acting on a mass which is in static equilibrium and show that the net forces equal zero .

Procedure:
1- Appropriate weights on pans R and Q were placed.

2- While holding the string with our hands at point x, enough weights were

placed on pan E so that equilibrium was reached, and pans stopped moving.

3- Lines tracing the pieces of string were drawn and the weights in each pan

were recorded.

4- Then another mass was added and parallelogram method was used on a

piece of paper.
* The needed calculations were obtained from the recorded data.

Data And Analysis:
part one :
	Features:
	R(g)
	Q(g)
	E(g)
	ϴ1(degree)
	ϴ2(degree)

	Trial 1
	100
	100
	60
	74
	73

	Trial 2
	70
	50
	50
	50
	82



part two :

	Features:

 
	P
	Q
	ϴ1
	S
	R
	ϴ2

	
	70 g
	50 g
	47o
	70 g
	50 g
	40o


From the graph obtained in trail 1 :
U1=( R sinϴ1 - Q sinϴ2) × g × 10-3
= (100 ×sin 74 – 100 ×sin 73)× 9.8 × 10-3
U1 = 4.9 × 10-3 N 


∆U1 = R cos ϴ1 (Δϴ1) + Q cos ϴ2 (Δϴ2) × g × 10-3
∆U1 = [100 cos 74 × [image: image4.png]180°



  + 100 cos 73 × [image: image6.png]180°



] × 9.8 × 10-3
∆U1 = 0.019 N


→U1 = 0.005 ± 0.019 N

U2=( E - (R cosϴ1 + Q cosϴ2)) × g × 10-3
=(60- (100(cos 74+cos73)) × 9.8 × 10-3
= 0.03 N


ΔU2 = [R sin ϴ1 (Δϴ1) + Q sin ϴ2 (Δϴ2)] × g × 10-3
ΔU2 = [100 sin 74 × [image: image8.png]180°



   + 100 sin 73 × [image: image10.png]180°



 ] × 9.8 × 10-3 

ΔU2 = 0.03 N.
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U2  = 0.03±0.03 N
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=0.03 N


2F ΔF = 2U1 ΔU1 + 2U2 ΔU2
2×0.03× ΔF = 2×0.005×0.01 + 2×0.03×0.03

ΔF= 0.03 N

→Fnet =0.03±0.03 N

From the graph obtained in trail 2 :

	U1=( R sinϴ1 - Q sinϴ2) × g × 10-3
	

	= (70×sin50 -50× sin82) ×9.8×10-3
= 0.040 N


ΔU1 = (R cos ϴ1 (Δϴ1) + Q cos ϴ2 (Δϴ2)) × g ×10-3
= (70cos50 + 50cos82) × [image: image14.png]180°



 × 9.8 × 10-3
= 0.00888 ≈ 0.009 N

→U1 = 0.040 ± 0.009 N

U2 = (E - (R cosϴ1 + Q cosϴ2)) × g × 10-3
U2 = (50 - (70 cos 50 + 50 cos 82)) ×9.8 ×10-3
= 0.0191471 ≈ 0.019 N

ΔU2 = R sin ϴ1 (Δϴ1) + Q sin ϴ2 (Δϴ2)
= (70sin50 + 50sin82) × [image: image16.png]180°



 × 9.8 × 10-3
= 0.0176 ≈ 0.018 N
→U2= 0.019 ± 0.018 N
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 = 0.04428 N

2F ΔF = 2U1 ΔU1 + 2U2 ΔU2
ΔF= [2×0.040×0.009 + 2×0.019×0.018] \ 2×0.044

 ΔF= 0.016 N.

→Fnet =0.044±0.016 N

From graph 3:

T1=P+Q is  equal  to T2=R+S in magnitude since the system is in static equilibrium.

Now, using parallelogram method:

From the obtained graph:   

P+Q = 4.4 cm   and  R+S = 4.5 cm

every 1g = 1 cm or every 9.8×10-3 = 1 cm

 So, T1 = 4.4× 9.8×10-3 = 0.043 N ≈ T2 = 4.5× 9.8×10-3 = 0.044 N







Conclusion:
Since the system is in static equilibrium , Fnet(theoretically) is equal to zero .

 In graph 1:
Fnet(experimentally) = 0.03 ± 0.03 N
|Fexp-Ftheo|≤2× ΔF (the result is accepted).

In graph 2:
Fnet(experimentally) = 0.044 ± 0.016 N
|Fexp-Ftheo|is not ≤2× ΔF (the result is not accepted).

In graph 3:
T1 and T2 theoretically must be the same, and since they are opposite in direction and the same in magnitude, their net must be zero.

Experimentally: T1=0.043 N , and T2 = 0.044 N, so they  are almost the same

with just discrepancy of 0.001 N which is relatively vary small .


*The general  systematic error which was expected to happen is due to slackness, this happened specially through the process of drawing , which needs high precision, or maybe the system was not exactly at static equilibrium when we decided to draw the state . However our measurements agrees highly with the accepted range of error .
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