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CH. – 3 . MACHINES. 


Question – 1. What is a lever ? State its principle. Name and draw the three classes of levers and distinguish between them. Give two examples of each. 

Question – 2.Draw diagram of a lever which is always used as a force multiplier. 

Question – 3. Draw diagrams to illustrate the positions of fulcrum, load and effort, in each of the following : 

(i) A seesaw (ii) A common balance (iii) A nut cracker (iv) Forceps (v) Crowbar 

(vi) Wheel barrow (vii) Fishing rod (viii) Punching machine (ix) Fire tongs 

(x) Rowing oar of a boat 

Mention the class of lever to which the above belongs. 

Question – 4. What is an inclined plane ? Derive an expression for mechanical advantage and velocity ratio. Give two examples where it is used to raise a heavy load with less effort. 

Question – 5. What is a fixed pulley ? Give one use of a single fixed pulley. What is the ideal mechanical advantage of a single fixed pulley ? 

Question – 6. What is a single movable pulley ? What is its mechanical advantage in the ideal case ? 

NUMERICALS.

Numerical – 1. The diagram below shows a lever in use. 

                         A ___________F______________________B
                            ↓                     ▲                                           ↓

                         Load = 18 kgf                                               Effort  

(i) State the principle of moment as applied to the above lever and hence   calculate its mechanical advantage if AB = 2.0 m and AF = 20 cm.  

(ii) Calculate the effort needed to lift the load. 

Solution :- (i) By the principle of moment, 

                       Load × Load arm = Effort × Effort arm 

                                 Load × AF  = Load × BF  

                  Here,  AF = 20 cm = 0.2 m, BF = AB – AF = 2.0 – 0.2 = 1.8 m. 

                   Therefore, mechanical advantage = Load/Effort = BE/AF

                                                                         = 1.8 m / 0.2 m = 9.  

                 (ii) Here, Load = 18 kgf, M.A. = 9. 

                     Therefore, Effort = Load / M.A. = 18kgf / 9 = 2 kgf. [Ans.]

Numerical – 2.A truck driver can load a drum on the truck by pushing it up a sloping plank, or by lifting it directly. The mass of the drum is 8o kg, the plank is 3 m long and back of the truck is 0.8 m above the ground. 

(a) How much force would be needed to lift the drum into the truck directly, without using the plank ? [Take g = 10 N kg-1]                        

(b) Assuming that there is no friction between the plank and the drum, calculate : (i) the mechanical advantage of the inclined plank, (ii) the force (or effort) needed to push  the drum up the plank. 

(c) If the actual force needed to push the drum up the plank is 300 N, why is this less than the answer to part (a), but more than the answer to part (b) (ii) ? 

Solution :- Here, m = 80 kg, g = 10 N kg-1, length of the plank l = 3 m,

                            height of the back of the truck h = 0.8 m.  

      (a) Force needed to lift the drum directly = mg = 80 × 10 = 800 N. 

(b)  (i) Mechanical advantage = length of the plank l / height of the plank h

                                                 = 3 m / 0.8 m = 3.75 

        (ii) The effort needed to push the drum up the plank E = Load / M.A.

                                                                                            = 800 N / 3.75 

                                                                                             = 213.33 N 

(c) The actual force needed to push the drum up the plank is 300 N which is less than the weight or load 800 N, because the sloping plank acts like a machine of which a mechanical advantage is greater than 1.  

     The actual force needed to push a drum up the plank is 300 N which is more than the effort needed to push a drum up the plank is 213.33 N as calculated in part (b)(ii) because there is some friction between the plank and the drum. So a part of the force (= 300 N – 213.33 N = 86.67 N) overcomes the friction. 

Numerical – 3. A woman uses a ‘fire tong’ of length 25 cm to lift a piece of burning coal of mass 200 g. If she applies her effort at a distance of 5 cm from the fulcrum, what is the effort ? [Take g = 10 m s-2]. 

Solution :- The fire tong is a lever of class III . The figure of the fire tong is as under 

                 F________E___________________________L  

                   ← 5 cm →                                                               

                   ← ----------------------- 25 cm --------------- →                                            

                  By the principle of moment, 

                          Effort × Effort arm = Load × Load arm                                       

                  Or,            Effort × 5 cm = 200gf × 25 cm                                    

                  Therefore, Effort = 1000 gf = 1 kgf = 10 N. [Ans.] 

Numerical – 4. A pulley system with a velocity ratio of 4 is used to lift a load of 150 kgf through a vertical height of 20 m. The effort required is 50 kgf. Calculate : (a) the distance moved by the effort , (b) the work done by the effort, (c) the mechanical advantage, and (d) the efficiency of the pulley system. (g = 10 N kg-1). 

Solution :-  Here,  V.R. = 4, L = 150 kgf, dL = 20 m,  E = 50 kgf = 50×10 = 500 N, 

                               dE = ? 

                 (a) V.R. = Distance moved by effort dE / Distance moved by load dL 

                       or, 4 = dE / 20 

                       or, dE = 20 × 4 = 80 m. 

                 (b) Work done by the effort = effort × distance 

                                                              = 500 N × 80 m 

                                                              = 40000 J.

                 (c) Mechanical advantage = L/E = 150/50 = 3.   

                 (d) Efficiency = M.A./V.R. × 100 % = 3/4 × 100 % = 75 %.   

Numerical – 5. A block and tackle system has the velocity ratio 3. A amn can exert a pull of 200 kgf. What is the maximum load he can raise with this pulley system if its efficiency  is 60 % ? 

Solution :-                 η = M.A./V.R. 

                   Or,      60 % = M.A./3 

                   Or,   60/100 = M.A./3 

                   Or,      M.A. = 60/100 × 3 = 1.8                          

                  Again,  M.A.= Load/Effort                                       

                    Or,        1.8 = Load / 200 kgf                                              

                    Or,     Load = 1.8 × 200 kgf = 360 kgf. [Ans.]  


