CHAPTER 2

FORCES & STATICS OF 
A PARTICLE
2.0  Introduction
Force is a pull or a push, and causes motion or tendency to motion. 
Force is a vector; has both magnitude and direction.  
SI unit of force is a newton, N and practical multiple of newton is kilo newton.  
1 KN = 1000 N = 1x103 N

Main types of forces
1. Mechanical forces
2. Electric forces
3. Magnetic forces
In Mechanics we deal with only mechanical forces.
Types of mechanical forces 
1. Weight W 
Gravitational force or pull on a body, directed towards the centre of the earth. 
2. Normal reaction R
Force of reaction by a surface on body perpendicularly (at 900) to the surface.
3. Friction F
Force due to rough surfaces in contact, which opposes motion or tendency to motion. 
4. Tension T
Force acting either direction in a stretched material 
(strings, springs etc).
Weight  = mass x grav. acceleration 
W = mg  where g = 9.8 ms-2
Direction of a force
Usually stated as:
1. Reference to horizontal or vertical
2. Compass directions
In terms of N, S, E & W directions
3. Bearings (used in geography)
Clockwise direction with 3 digits. 
See Chapter 1 Vectors for details.

Assumptions
Where necessary assume:
1. Bodies are particles (point objects)
Weight acts at the centre of gravity.
2. Coplanar forces
Forces lying on the same plane.
3. Smooth surfaces 
Horizontal planes or inclined planes.
4. Light inextensible strings
5. Line of greatest slope of inclined planes 
See Chapter 6 Newton’s laws of motion later. 
Force diagrams & Equations
Force diagrams show all the forces acting on an object.
The object can either be at rest (considered here) or in motion.
See Chapter 6 Newton’s laws of motion later.
Example 2.1 
Draw force diagrams and write equations for a block:
(a) resting on a horizontal surface.
(b) hanging on a string.
 (
T
m
R
m
)Soln:
(a)                              (b)





Example 2.2
A block of wood of mass m is resting on  
a table of mass M. Draw force diagrams and write equations for: 
(a) only the block of wood 
(b) the whole system (block and table)
(c) only the table
 (
m
R
Where, 
R is the reaction of the table on the block.
)Soln:
(a) Block
                                     




(b) Whole system
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R
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R is the  
reaction
 of the block on the table.
 
Newton’s 3rd law.  R is reversed. 
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See Chapter 6 Newton’s laws  of motion later.

Exercise 2.1
1. An object of mass m is at rest under 
tension in the a string and a horizontal force P.
 (
P
A
B
)







Complete force diagram for the object.
2. An object of mass m is at rest under tensions in the strings tied at points A 
and B.


 (
A
B
)




Draw force diagram for the object. 
3. A block of wood mass m is at rest on a rough inclined plane.

 (
θ
)



Draw force diagram for the block.

2.1  Resultant force
This is a single equivalent force having the same effect as two or more forces. It is also known as net force and drawn in diagrams with 2 arrows.
Since force is a vector (has both magnitude and direction), vector methods are used to find resultant force. 

Methods for resultant force
1. Vector addition 
Parallel forces 
Vector form of forces
2. Parallelogram rule 
Two coplanar forces 
3. Resolution of forces 
More than 2 coplanar forces

Parallel forces
Use vector addition to find the resultant of parallel forces.
Qn. 1
Find the resultant force of:
(a) 4 N, 6 N  and 8 N all facing to east
(b) 4 N to east, 6 N to east and 8 N to west
(c) 4 N to east, 6 N to west and 8 N to west


Vector form of forces
Forces expressed in terms of unit vectors i, j and k. Let the 3 forces  be F1 , F2  and F3  
Resultant  FR  F1 + F2  + F3                      
Generally:
F1 =  a1i + a2j + a3k , F2 =  b1i + b2j + b3k  and 
F3 = c1i + c2j + c3k 
Resultant  FR  = F1 +  F2  +  F3   


  (a1+b1 +c1)i  +  (a2+b2 +c2)j  + (a3+b3 +c3)k                                                                             
Example 2.3
Find the resultant of forces F1 = -2i + 4j,  
F2   3i - 4k  and F3    -j + 2k.       
Soln:
FR = F1 + F2  + F3  
      
    i + 3j - 2k   
Write tilde ~ underneath letters for vectors.
The resultant of 2 forces 
Use 2 methods:
1. Parallelogram rule 
2. Vector addition 
The 2 forces can be:
1. Perpendicular,  = 900 
2. At an angle,   < 900 or  900 <  < 1800

Parallelogram rule
The resultant R of 2 forces P and Q is the length of the diagonal through the point of intersection of the forces.



 (
R
Q
1
P
1
θ
)



Methods:
1. Vector method 
Column vectors & vector diagrams
2. Analytical method 
Vector diagrams & trigonometry
3. Graphical method
Construct to scale & measurements
· Note:
· Choice of method depends on the problem.
· Vector method is used for vectors not perpendicular.
· Vector diagram can be used to check the answer from vector method.
· Analytical method may have a problem of interpretation of the directions.
· Graphical method is faster, but not recommended. Why? Not accurate.
· Trigonometry involves use of sine rule and cosine rule.





Compare Chapter 5 Resultant velocity.
Example 2.4
Find the resultant of forces:
(a)   3 N east and 4 N north 
(b) 10 N east and 6 N300E
 (
R
3 N
4 N
Vector diagram
3 N
4 N
R
)Soln: 
(a)







at  or N 
 (
Vector diagram
R
  6 N
60
0
10 N 
R
10 N
6 N
120
0
)(b)






 at N 
Alt: Vector method (column vectors)

 (
R
 
)

[bookmark: RESOLUTION_OF_FORCES]


Exercise 2.2
 Find the resultant of forces:
(a) 10 N west and 24 N south
(b)   5 N east  and 3 N N600W
(c)   6 N 0900  and 10 N 0300

More than 2 coplanar forces
Steps:
1. Find the sum of components
horizontally X = x & vertically Y = y
2. Find resultant of X and Y using parallelogram rule.
Note:
1. The forces can act at a point or along sides of a polygon.
2. The forces can be horizontal and 
vertical or act at different angles.
Example 2.5
Forces of magnitude 5, 2, 3 and 4 N, act along the sides AB, BC, DC and AD of  a square ABCD, respectively. Find the resultant force and the angle it makes with side AB.


 (
x
y
A
B
C
D
3 N
5 N
2 N
4 N
R
6 N
8 N
)Soln:







 (
X = 
x
  =  5 + 3  =  8 N   &  
Y = 
y
  =  4 + 2  =  6 N
)


See problems with forces acting along sides of other polygons eg triangle, rectangle and hexagon.

Exercise 2.3
1. Find magnitude of the resultant force and the angle it makes with the x-axis.
(a) 3i + 7j,  i + 2j and 3i - 12j 	
(b) i - 2j + k, 2i - 5j and j + k
2. Forces P, 4P, 2P and 6P act along the sides AB, BC, CD and DA, respectively, of 
a square ABCD. Find the magnitude of their resultant and the angle it makes with side AB.
Resolution of forces 
Resolving a force means splitting it into 2 perpendicular components. In a way, it is the opposite of parallelogram rule. 
We usually resolve force F, horizontally 
(x-axis) and vertically (y-axis) to get components X and Y, respectively. 
The 2 perpendicular components obtained have the same effect as the original force.
 (
X
Y
F
X = Fcos
 = Fsinα
Y = Fsin
 = Fcosα
) (
X
Y
F
α
)









Alt: Use force FR  with components  Fx and Fy 
Steps:
1. Resolve each force to get 2 perpendicular components x and y.
2. Find the sum of components horizontally & vertically.
X = x and Y = y 
3. Find resultant of X and Y using parallelogram rule.
 (
1st  Q
2nd  Q
3rd Q
4th  Q
)Summary 









Qn.2
Resolve the forces horizontally and vertically.  
Hence express in terms of column vectors.

 (
10 N
30
0
10 N
30
0
(a)
(b)
10
2
 N
45
0
10 N
60
0
(c)
(d)
)    






Example 2.6
Forces 4, 6, 3, 2 and 4 N act in directions 
east, N600E, north, west and south west, respectively. Find the magnitude of the resultant force and the direction it makes with the first force. 
 (
4.37
3.17
R
4 N
2 N
3 N
4 N
45
0
6 N
60
0
)Soln:





X = 4 – 2 + 6sin600 – 4cos450   =  4.37 N
Y = 3 + 6cos600 – 4sin 450        =  3.17 N

tan  = 3.17/4.17                 = 36.00
Table format
 (
Force 
X
Y
1st
                     4
                         0
2nd
6sin60
0
3
3               5.196         
6cos60
0
                        3
3rd
                       0
                        3
4th
                      -2
                        0
5th
-4cos45
0
-2
2             -2.828
-4sin45
0
-2
2             -2.828
                             4.368
                             3.172
)









Table format helps to organize the calculation for many forces. 
See Trigonometry &Surds in Pure Maths.

Qn.3
Express each of the forces above in terms of column vectors. Hence find the resultant force. 
Exercise 2.4
1. Forces 4 N, 5 N and 6 N act on a particle in the directions north, N300W and S600E, respectively. Find their resultant and the angle it makes with the north.
2. Forces 1, 2, 3, 5, 4 and 2 act along the sides AB, BC, CD, DE, EF and FA, respectively, of a hexagon ABCDEF. 
Find the magnitude of their resultant and the angle it makes with side AB.

 2.2  Statics of a particle
Statics of a particle means forces acting on a particle are in equilibrium. 
We shall assume equilibrium of coplanar forces (acting in same plane). 
It is more complicated if forces act in different planes.
Forces balancing means no resultant force.
Condition:  R = 0  X = 0 and Y = 0
Sum of forces in one direction 
= Sum of forces in opposite direction
See Statics of rigid bodies for 2nd condition.
Polygon of forces
A polygon can be drawn to represent forces in equilibrium.
Equilibrant refers to a force which if added brings about equilibrium. It is equal and opposite to resultant force R. 
 (
Equil
ibrium                 
Not in equilibrium
R
E
quilibrant
No resultant
)







Equilibrium of 3 coplanar forces
1. Vector form of forces 	Use vectors
2. Resolution of force	Use angles
3. Triangle of forces		Use lengths
4. Lami’s theorem 		Use angles
Vector form of forces
Let 3 forces in equilibrium be F1, F2 and F3. 
Then FR = F1 +  F2  +  F3 = 0       
  [image: triangle of forces]

Example 2.7
Forces 2i + 3j, ai + 6j  and -4i + bj act on a particle in equilibrium. Find values of a and b.
Soln:
FR = 
2 + a – 4 = 0 &  3 + 6 + b = 0   a = 2  &  b = -9



Exercise 2.5
1. Forces 7i - 9j, 5i + 6j and ai + bj act on  
a particle in equilibrium. Find values of   
a and b.
2. Forces i + j, 3i - 2j and 2i + 3j act on a   
particle. Find: 
(i) 4th force which will put the particle in equilibrium.
(ii) the magnitude and angle the force make with x axis.
3. A set of three coplanar forces  4 N, 5 N and 7 N act on a particle in the directions north, N500W and S800E, respectively. Find the magnitude and direction of 
4th force which holds the particle in equilibrium.

Triangle of forces
If 3 forces P, Q & R form a triangle, P+Q+R=0
Conversely:
If  P+R+Q=0, then the 3 forces form a triangle. 
This implies, if a vector diagram is drawn in order (using magnitude and direction) they form a triangle.
This is a special case of a polygon of forces.

 (
P
Q
R
P
Q
R
z
y
x
)






Using ratios:     
Where x, y & z are lengths, corresponding to forces P, Q and R, respectively.
Lami’s theorem
This is derived from the triangle of forces, but using the angles of the triangle.


 (
P
Q
R
P
Q
R
)







Using sine rule:     
Where ,  &  are exterior angles of the triangle.
Qn.4 Prove Lami’s theorem, using sine rule
      

Example 2.8
An object of mass 5 Kg is suspended on a string from a fixed point O. A horizontal force P is applied to the object and until it remains in equilibrium with the string making angle 300 to the vertical. Find the tension T in the string and the force P.
 (
Resolve forces
Horizontally:   
Tsin30
0
 = P       
  
……(1)
 Vertically:       
Tcos30
0
 = 5
     …...(2)
Eqns. 1 & 2 combined:
 T = 56.6 N & P = 28.3 N
Check:
T > P and T > 5
 Why?
30
0
O
P
T
)Soln:










Alt: Lami’s theorem. 
 (
P
T
30
0
)









· Note:
· P can act along other directions eg at 900 to the string. 
· Lengths of sides of  can be given instead of angles. 
Example 2.9
An object of mass 5 Kg is suspended on a string of length 0.5 m from a fixed point A. 
A horizontal force P is applied to the object and until it remains in equilibrium at a point B 0.3 m from point C, which is vertically below A. Find the force P and the tension T in the string.
Soln:
 (
Triangle of forces 
ABC
Using 
 angled  
 3, 4, 5 
AC = 0.4 m 
 P = 36.8 N
, 
T = 61.3 N
A
P
0
.5
 m
T
0
.
3 m
C
B
)









Example 2.10
An object of weight 10 N is hanging at point P on two strings tied at points A and B in the same horizontal level. The strings make angles 300 and 600 with the horizontal, respectively. Find the tensions in the strings.
Soln:
 (
Lami’s theorem
 T
1
 =  5
3 N        and       T
2
 = 5 N
Check: 
T
1
 > T
2  
Why?
B
A
10 N
T
2
T
1
30
0
6
0
0
P
)












Alt: Resolution of forces


· Note:
· Lami’s theorem is simpler for this type of question. Why?
· Lengths of sides of  can be given instead of angles. 
Exercise 2.6
1. An object of mass 5 Kg is suspended on     a string from fixed point O. A force P is applied to the particle perpendicular to the string. The object is in equilibrium with the string making angle 600 to the vertical. Find the force P and the tension T in the string.
2. The ends of a string of length 80 cm are fastened at points A and B, 48 cm apart and in the same horizontal level. 
A smooth ring C of weight 5 N moves freely along the string and hangs in equilibrium. Find tension in the string.
3. An object of weight 10 N is at rest at point P connected to two strings fastened to two points A and B in the same horizontal level. If AB = 25 cm, AP = 15 cm and BP = 20 cm, find the tensions in the strings.
Inclined planes
Forces are resolved parallel & perpendicular to the inclined plane. Why?
Qn.4
Resolve forces parallel and perpendicular to the inclined plane.
 (
(a)
 
(b)
 
(
c
)
 
(
d
)
10
2 N
45
0
10 N
60
0
30
0
10 N
10 N
60
0
)









Example 2.11
 (
60
0
R
P
10
10
cos60
0
10
sin
60
0
)A block of mass 10 Kg is at rest on a smooth inclined plane of angle 600 to the horizontal, under the action of a force P parallel to the plane. Find force P and normal reaction R.
Soln:







Resolve // and  to inclined plane. Why?
Since out of the 3 forces, only 10 is vertical.
//plane:      P  = 10sin600   ………….(1)
plane:      R = 10cos600     ………….(2)
 P = 55  N           &        R = 5  N

· Note:
· It is optional to show dotted components of weight 10.
· P can act along other directions eg at an angle to inclined plane, or it can even be 
a push. 
· The angle of the inclined plane can be expressed in different ways 
eg slope of 1 in 2, arc sin 3/5, arc tan 5/12.
Alt: Use Lami’s theorem and compare results.

Exercise 2.7
1. An object of mass 10 Kg is at rest on a smooth inclined plane of angle arc sin 3/5 to the horizontal under the action of force P upwards. If the force makes angle 300 to the plane, find P and normal reaction R.
2. An object of weight 20 N is at rest on a smooth inclined plane of angle 250 to the horizontal under the action of a string. 
If the string makes angle 150 with the plane, find the tension in the string and the normal reaction R.
2.3  Frictional force
Frictional force or simply friction F;  opposes motion or tendency to motion. 
It acts between two rough surfaces in contact eg a block of wood on a plane.
Terms
1. Limiting equilibrium is a situation where an object is just about to move (slide or slip). 
2. Limiting frictional force F is the maximum frictional force, and exists when there is limiting equilibrium.
3. Coefficient of friction  (mu) is the ratio of limiting frictional force to normal reaction (depends on the 2 surfaces in contact).
4. Angle of friction  (lambda) is the angle between normal reaction R and resultant FR (of R and F). 
 (
P (pull)
R
m
F
)







 (
 
where 0
 
 1
F
R
F
R
)





· Note:
· Object at rest does not necessarily mean limiting equilibrium. Why? 
· Frictional force may not be limiting (maximum).

Example 2.12
An object of mass 5 Kg rests on a rough horizontal plane.  A pull P is applied to the particle at angle 300 to the horizontal.            
If coefficient of friction  = 0.2 and the particle is just about to move, find force P and normal reaction R.
 (
P
R
5
F
30
0
)Soln:






W = mg = 5 & F is shown along the surface.
Resolve forces and use   F = R = 0.2R
Horiz:   Pcos300 = 0.2R 	………….(1)
Verty:  	R + Psin300 = 5	………….(2)
(1) & (2) combined: How?
  P = 24.5 N  and  R = 36.8 N
· Note:
· P can act along other directions eg parallel to plane or it can even be a push.
· Max force P for object in equilibrium  
= Min force P for object to just move 
Example 2.13
An object of mass 10 Kg rests on a rough inclined plane of angle 300 to the horizontal. A force P parallel to the plane is applied to the object. If the coefficient of friction  
 = 0.1, find the minimum and maximum values of P for limiting equilibrium.
Soln:
(a) Max P 
 (
30
0
R
10g
P
F
)
  

 

Object is just about to move upwards. Frictional F opposes downwards.

Resolve forces and use  F = R = 0.1R
 plane: P = 0.1R + 10gsin300  	………….(1)
plane: R = 10gcos300 	………….(2)
(1) & (2) combined:  Max P = 57.5 N

(b) Min P
 (
P
30
0
R
10g
F
)




Object is just about to move downwards. Frictional F opposes upwards.
Resolve forces and use  F = R = 0.1R
 plane:     P + 0.1R = 10sin300 ………….(1)
plane:     R = 10cos300 	    ………….(2)
(1) & (2) combined:  Min P = 40.5 N
In both cases, the force P can have other directions eg at angle to plane or a push.

Exercise 2.8
1. A horizontal force 28 N is applied to an object of mass 5 Kg at rest  on a rough horizontal plane. If the object is in limiting equilibrium find the coefficient of friction .
2. A particle of mass 10 Kg is in limiting equilibrium on a rough horizontal plane under action of a horizontal push P at angle 600 to the plane. Find force P and normal reaction R, if coefficient of friction  = 0.2.
3. A particle rests on a rough inclined plane of angle 300 to the horizontal in limiting equilibrium. Find the coefficient of friction . 
4. A particle of mass 10 Kg is in limiting equilibrium on a rough inclined plane of angle 600 under action of a horizontal push P. If the coefficient of friction 
 = 0.1, find the minimum and maximum values of P.
Revision Exercises
Exercise 2A
1. Find magnitude of the resultant force and the angle it makes with the first force.
(a) 8 N west &   N SW 
(b) 8 N west and 4  SW
(c) 6 N 0600  &  8 N 3300
(d) 10 N NE and 24 N NW (
A
B
C
D
S
R
P
T
Q
)
2. 





ABCD is a square of sides 4 cm. 
AP = CR = BQ = DS= DT = 1 cm.
	Forces 10 n, 3, 2, 10, n, 5 n act along the directions PB, PQ, PR, PS and PA. Find the magnitude of the resultant force and the angle it makes with side AB. 
3. The resultant of two coplanar forces P   
and 2P is P3. Find the angle between:
(a) the forces P and 2P   
(b) the resultant and force P.
4. When two forces of magnitude 3P and 
4P act  on a particle, their resultant is 
20 N. But if one of the forces is reversed     
the resultant is 10 N.  Find the value of  
P and the initial angle between the  
forces.
5. Four coplanar forces 12 N, 15 N, P and Q are in equilibrium acting at a point. Forces 12 N and 15 N are inclined to each other at angle arc sin 3/5. 
Q is perpendicular  to  P and in opposite direction to 12 N. Find forces P and Q. 
6. An object of weight 8 N is suspended on a string of length 0.5 m from a fixed point A on a vertical wall. It is pulled horizontally to a point B 0.3 m from the wall. Find the force and the tension in the string.p31
7. A uniform rod AB of mass 10 Kg rests horizontally supported by two light inextensible strings tied to its ends. 
If the strings make angles 500 and 600 with the rod, find the tensions in the strings.
8. A particle P of weight 10W hangs in equilibrium from two strings PA and PB. 
9. If angle APB = 900 and the tensions in the string are T and 2T, find T and W.
10. (a) A string of length 31 cm has its two ends fixed at points A and B 25 cm apart in the same horizontal line.  
       A mass 5 Kg is suspended at point C on the string,  where AC = 24 cm . Find the tensions in the strings AC and BC.
(b) A mass m is then suspended at point D on the string, where AD = 20 cm. If the portion DC becomes horizontal, find:
    (i) tensions in the strings AD and BC.
(ii) the value of weight W. 
11. A string has its two ends fixed at points A and D in the same horizontal line.  Weights 3W and 4W are attached on the string at points B and C, respectively. Strings BC and DC are equally inclined to the horizontal. If DAB = 450,  
 in the strings AB, BC and CD. 
12. ABCD is a quadrilateral (kite), where 
AB = BC, CD = DA. Angles at vertices A 
and C are 900, at B is 600 and at D is 1200. Equal forces 20 N act along AD and DC, 
10 N along CB and BA. Find magnitude of the resultant force and the angle it makes with AD.
13. A string of length 90 cm has its two ends fixed at points A and B 60 cm apart in the same horizontal line.  Weights W and 80 N are suspended on the string at points C and D respectively. If AD = 40 cm, BC = 20 cm and CD is at 600 to the vertical, find:
(a) tensions in the strings AD, DC and CB.
(b) the value of weight W. 

Exercise 2B 
1. (a)  An object of mass 50 Kg just moves across a rough horizontal plane when a horizontal force P = 150 N acts on it. Find the coefficient of friction . 
(b) If the force P is at an angle 200 to the horizontal, find the least force required to move the object. 
2. A push P is applied to an object of mass 
5 Kg at rest on a rough horizontal plane at angle 300 to the plane. The object is in limiting equilibrium and the coefficient of friction is 1/3. Find the force P and normal reaction R.
3. A object of weight 10 N is placed on a rough inclined plane of angle 300 to the horizontal. A horizontal force P is applied to the object. If the coefficient of friction is ½ , find the value of P which:
(a) prevents the object from sliding down 
(b) makes it to slide up the plane
4. An object of mass 5 kg is placed on a rough plane inclined at arc sin 5/13 to the horizontal. A force P parallel to the plane is applied to the object. If the coefficient of friction is 0.2, find the maximum and minimum values of P for the object to remain in equilibrium. 
5. An object of weight 20 N is at rest on a smooth inclined plane of angle 200 to the horizontal under the action of a string making angle  with the plane. If the tension in the string is 10 N, find value of  and normal reaction R.
6. An object of mass 10 Kg rests on a rough inclined plane of angle 600 to the horizontal. A force P (pull) at angle 150  to the plane is applied to the object. If the coefficient of friction  = 0.1, find maximum and minimum values of P for the object to remain in equilibrium.
Exercise 2C Proofs
1. A block of mass m rests on a rough horizontal plane in limiting equilibrium acted on by a pull P. 
(a) Prove that the minimum horizontal P 
       is , where  is the coefficient of friction. 
(b) Prove that the minimum force P applied at angle θ to the plane is at θ = , where  is angle of friction.
(c) If P is   at 600 to the horizontal,  prove that the minimum value of coefficient of friction  is 
2. A particle of mass m rests on a rough inclined plane of angle  to the horizontal in limiting equilibrium. 
(a) Prove that   = tan at  = , where  is angle of friction.
(b) What will happen to the particle when
(i)   = ½   (ii)  = 2 (iii)  = 600,  = ½
3. A particle of mass m is placed on a rough inclined plane of angle α to the horizontal, where α   angle of friction.  A force P parallel to the plane is applied to the particle. If the particle is just about to move, find expressions for the maximum and minimum values of P.
4. An particle of mass m rests on a rough inclined plane of angle α to the horizontal, where α   angle of friction.  A force P acting upwards at an angle  to the plane is applied to the particle. If the particle is just about to move upwards, prove that the value of P is  at  = .
5. An particle of weight W rests on a rough inclined plane of angle α to the horizontal, where α   angle of friction.  A horizontal force P is applied to the particle.  
(a) If   is the minimum required to prevent it from sliding down and 
       is the minimum required to move it up, find  and .
(b) If P is acting upwards at an angle  to the plane, find the minimum value of P and the corresponding angle  for equilibrium.

6. An particle of mass m is in limiting equilibrium on a rough slope inclined at an angle α to the horizontal, where
         α > 300. If the angle of the slope is increased to 2α, find the magnitude and direction of minimum force required to:
(a) prevent sliding down the slope.
(b) move the particle up the slope.
7. (a)  An particle of mass 2m rests on a rough slope inclined at angle tan-1(3) under the action of  force P, where  is coefficient of friction.
(a) If  P is parallel to the slope and the   
particle is about to slide upwards,  
prove that  the maximum P for    
equilibrium is    
(b)  If P is horizontal and the particle is about to slide downwards, show that  the minimum P required to maintain the particle in equilibrium is  
8. A weight W is placed on a rough inclined plane of angle α to the horizontal and the angle of friction is , where  > . 
(a) Show that the weight will slide down the plane.   
(b) If the weight is just prevented from sliding down by a force P inclined to the upward vertical at angle , show that  
P = 
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