FORCES

Tutorial Discussion

There are several ways to solve problems in statics questions. If a body is in equilibrium, then you may sum up forces in appropriate directions and equate the resultants to zero*. You may also take moments about suitable points and equate the resultant moment (+ clockwise – anti-clockwise) to zero. These are calculation methods. You may also sketch vector diagrams and solve the problem by geometry. Sometimes it is easiest if you use a combination of two methods. You may even choose to draw scaled vector diagrams and solve by measurement (of angles and lengths).

* Be careful when you sum forces. You may NOT equate the resultant to zero if it is not in equilibrium in the particular direction you are summing forces for (i.e. it has an acceleration in that direction). Always check before you put down that zero. 

2
The pressure on the drum due to the sea water

= h(g = 500 (1050) (10) = 5.25 x 106 Pa


The upthrust on the drum = Weight of water displaced 

 






   = Volume of water displaced x ( x g

 = Volume of drum x ( x g (since drum is totally immersed)








   = 0.25 x 1050 x 10 = 2630 N





Summing forces in the vertical direction:


(Fy = 0  (  U – mg – T = 0  (  2630 – 500 – T = 0  (  T = 2130 N




Summing forces in the vertical direction:


(Fy = 0  ( U – mg – Tsin600 = 0  ……………..(1)


Summing forces in the horizontal direction:


(Fx = 0  ( FC – Tcos600 = 0  …………………..(2)


Solve the equations silmultaneously for T and FC.


Alternatively, you may draw a vector diagram:




Since the resultant of the 3 forces (U and mg have been reduced to 1) is zero, the 3 vectors will form a closed triangle. And since FC is perpendicular to U and mg, it is a right-angled triangle.

So 

T = (U – mg) / sin600
and 

FC = (U – mg) / tan600 

where (U – mg) = 2130 N (from (c))
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(a)
The forward thrust of the car has to overcome rolling friction and attain the static friction required for acceleration before the car can start moving. So at these lower-than-required values of thrust, the resistive force will adjust itself to counter the forward thrust, the car remaining stationary. 


(b)
As the car gains momentum, the static friction between the tyres and the ground will reduce. So the resistive force will reduce. It cannot be zero because there is always rolling friction.

(c)
Air resistance is not a constant force – it increases with speed. So as the car speeds up, the air resistance will also increase, thus increasing the total resistive force on the car.

(d)
At low speeds, air resistance is proportional to speed, v. (R = kv) But at higher speeds, it is proportional to v2. (R = kv2) Thus dR/dv = 2kv also increases with v.

4 Man feels he is equilibrium because he is static relative to his surrounding (the inside of his car). Pedestrian can see that he is not because he is moving in a circular path. (A body in circular motion is not in equilibrium because it has an acceleration towards the centre of its circular path.) This is similar to our considering buildings to be in equilibrium because they are not moving. But to someone outside in space, they are not equilibrium because they are moving with the Earth in a circular path. So the man is wrong and the pedestrian is right.


5
The answer is D 1270. The angle between 2 forces is x0, not y0.


The vectors must be acting from (or to) the same point when getting the angle between them.
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There are 3 forces acting on the free-body of the uniform rod – the tension in the string attached to it at B, its weight at C and a reaction force at A. Since we know the directions and points of exertions of T and mg, and that all 3 forces must pass through the same point in order to achieve equilibrium, then the direction of R​A must be in the direction shown. 

The easiest method here would be to take moments about A, because by doing so, we can eliminate RA​ (which we do not need to find) from our calculations. Why?



Taking moments about A:


( [Clockwise moments] – ( [Anti-clockwise moments] = 0


T L – mg L/2 cos 450 = 0,  where L is the length of the rod ……………………………..(1)



Mr Lim’s Tip on Finding Perpendicular Distance: To obtain the perpendicular distance of mg, I have to extend the line of action of mg (the dotted line through the vector mg). From here I draw from A a line perpendicular to the dotted line. (AA1) The length of the line AA1 is the perpendicular distance.


So since cos 450 = AA1 / (L/2) ( AA1 = L/2 cos 450

If you do the same for T, you will find that the perpendicular line that you draw coincides with the rod, which is why the perpendicular distance for T is simply the length of the rod.


So making T the subject of equation (1):


T = mg / 2(2


You may not assume that the length of the rod is 1m or totally ignore it. Although it will eventually be divided away, you must be consistent in your working: 

Clockwise moment ( T or T(1) because T is a force, not a moment. Neither is the perpendicular distance = 1 because nowhere is that stated in the problem that it is so. You are supposed to show through your working that it really does not matter what the length is. 

I can also solve this problem by a vector diagram, too. Although it is extremely tedious, it can be done.


( By geometry, we can find the angle RA makes with the vertical.

AX2 = ¼L2 + ½L2 –2L2/(8 cos 1350
AX = (5L/2

sin(CXA = (L/2)(sin1350)/((5L/2)

 
   = 1/(10

[ (CXA = 18.40 ]



(
sin 116.60 = 2/(5

Thus T = mg (1/(10) / (2/(5)



= mg / 2(2
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Always start with a free body diagram:


The force by the wall, FW must be perpendicular to the wall because the wall is frictionless. The weight is always vertically down. Thus the force by the floor must be in the direction shown in the left diagram (concurrency of 3 forces in equilibrium). It consists of a vertical component, FFY and a horizontal component, FFX. So the diagram may be redrawn as the one on the right.

Taking moments about A:

150 x L/3 cos 600 - FW x L sin 600 = 0  (  FW​ = 28.7 N

Summing forces in the x-direction:

FW – FFX = 0  (  FFX = 28.7 N
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Starting with a free body diagram of the gate:


By concurrency of 3 forces in equilibrium, we know that the force at the hinge is in the direction shown.

By geometry, we can find the angle (:

tan ( = PX / HP = 2.0 / 1.6 = 1.25

By summing forces in the x and y directions:

(FX = FP – FH sin ( = 0

(FY = FH cos ( - 2000 = 0

Then solve for FP and F​H​ simultaneously.

You may also take moments about H and obtain

(MH = 1.6 FP – 2.0 x 2000 = 0  (  FP = 2500 N

Then substitute this value into the one of the other equations to solve for FH.

But the fastest method is by using a vector diagram:

The 3 vectors in equilibrium are arranged in a closed triangle.

FH = 2000 / cos (  N

FP = 2000 tan (  N 


9
Since AO = 20 + 30 = 50 mm


and BO = 30 mm, 


then cos ( = 3/5 


( sin ( = 4/5  and  tan ( = 4/3


(FX = Fw – T cos ( = 0

(FY = T sin ( - 8.0 = 0

Solving simultaneously:

FW = 6.0 N

T = 10.0 N
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Tension in the rope at mid-length is an internal force. To find it, we need to ‘externalize’ it. That is done by cutting the rope in half and treating it as 2 separate free bodies.


When we look at the right half of the rope, we know that the left half of the rope is pulling it with a force that is its tension. In this way, we have “externalize” the mid-length tension. Do note that the T in the diagram is the force exerted by the left half of the rope on the right half. Since this is the free-body diagram of the right half, this force belongs in this free-body diagram. 

The right half of the rope will also have tension, but that’s an internal force (force it exerts, not one that is exerted on it) so it does not belong in this free body diagram. But we are interested in the tension at the right end, because that’s the force with which it pulls the anchor and by Newton’s 3rd Law, that would also be the force with which the anchor pulls the rope (FA) in the opposite direction.  

We know that the tension in the rope can only be in the direction of the rope. Since the inclination of the rope at the anchor is 370 below the horizontal, then the force FA would also be inclined at 370, above the horizontal.

The weight of half the rope is mg / 2. Although we know that it is acting from the middle of the section, since the rope is curved, we do not know its horizontal and vertical position. So summing moments will not help us to solve our problem. 

So that leaves us with 2 options: either arrange the vectors in a closed triangle in a vector diagram (shown above), or sum forces in the vertical and horizontal components.
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Note that the diagrams are wrongly labeled. [(a) is (b) and (b) is (a)]








(FY = 2 T1 sin 450 = 5.0  




(FY = 2 T2 sin 50 = 5.0
(  T1 = 3.54 N < 25 N





(  T2 =  28.7 N > 25 N


The cord broke because it exceeded the breaking strength.
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If a member is in compression then the forces it exerts on its two ends are in the outward direction. (pushing ends apart) Conversely if it is in tension, then the forces are acting inwards. (pulling ends together) 

So if bodies A and B are attached by a rod, and the rod is in compression, then the force it exerts on A is towards the left and that on B is towards the right. And since these forces are due to the compression of the same rod, their magnitudes are the same.

So treating the joints as free bodies, we have


We have assumed all members to be in tension. It doesn’t really matter. If we get a negative value for any force, then we know that that member is in compression, instead of tension.

For Joint B:

(FX = FAB + FBC cos 300 = 0

(FY = FBC sin 300 + 106 = 0

Solving simultaneously:

FBC = - 2.00 x 106 N (compression)

FAB = 1.73 x 106 N (tension)

For joint C:

(FX = –2.00cos300–FACcos300–FCDsin300 

 = 0

(FY = 2.00sin300+FACsin300–FCDcos300 

 = 0


Solving simultaneously:


FAC = -106 N (compression)


FCD = 1.73 x 106 N (tension)
FORCES

Assignment Answers
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Upthrust = Weight of water displaced




  = 0.4 x (4 x ( x (0.25/2)2 x 5.0) x 1021 x 10




  = 4.0 x 103 N (U1)


Thus the weight of the raft is also 4.0 x 103 N.



Maximum Upthrust = (4 x ( x (0.25/4)2 x 5.0) x 1021 x 10 = 10.0 x 103 N (U2)


This is when the raft is totally submerged in the water.


So Weight of Raft + Weight of Mariners <  10.0 x 103 N  

(  Weight of Mariners < 6.0 x 103 N  (  No of mariners < 6.00 x 103 / (80 x 10) = 7.5

The raft can support seven.

Sitting with their legs in the water won’t change anything. As long as the maximum Upthrust (which is the weight of water displaced by the men and the raft, totally immersed) is less than the combined weight of the men and the raft, then the raft will sink. If it is more, then the raft will float. 

We never considered the volume displaced by the men because the critical situation is when the raft is totally submerged and no part of the men is. If we add another man on the raft, he will contribute more to the downward force then the upward force since his density is greater than that of the water.
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FAX must be left. FAY may be either upward or downward. I’ll assume that it is upward.


(MA = Tsin120 (2L/3) - 60L - 250(L/2) 

 = 0

(  T = 1340 N

The compression force is FAX.

(Fx = FAX - 1340 sin120 = 1310 N

This force is very much larger than the weight of the spine and the load she is carrying. Thus we should always keep our spine upright by squatting when lifting heavy things.

16
The force that the floor exerts on the block must be at A because that is the only point of contact when the block is about to rotate.



(MA = 15W - 26T = 0

(  W = 26 x 5.5 x 108 / 15 = 9.5 x 108 N

Mass of block = 9.5 x 108 / 9.81 = 9.7 x 107 kg




Under normal circumstances the force F​ will not be at A. But it would still pass through X and have a right-ward component to oppose the left-ward component of T.
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