VECTORS AND FORCES

(Take g = 9.8  ms-2. Ignore air resistance.)

1. Calculate the forces in the back muscles in the following cases. You may assume that the upper body weight is 0.67 of the total body weight and that the back muscles make an angle of 10° with the back.

(a) body weight = 500 N angle of lean with the horizontal = 20° load = 0 N 

(b) body weight = 600 N angle of lean with the horizontal = 30° load = 4 N 

(c) body weight = 700 N angle of lean with the horizontal = 50° load = 100 N 

(d) body weight = 750 N angle of lean with the horizontal = 20° load = 50 N

2. A box is at rest on a sloping surface, Calculate the frictional force up the surface in each of the following cases. 

(a) weight of box = 300 N angle of slope = 20° 

(b) weight of box = 450 N angle of slope = 30° 

(c) weight of box = 120 N angle of slope = 45°

3. A box slides down a smooth slope. Calculate, in each of the following cases: 


(i) the force at right angles to the slope 


(ii) the force parallel to the slope 


(iii) the acceleration of the box down the slope 


(a) weight of box = 300 N angle of slope = 20° 


(b) weight of box = 450 N angle of slope = 30° 


(c) weight of box = 120 N angle of slope = 45°

4. A ball is thrown at an angle to the ground. Calculate, in each of the following cases: (i) the horizontal component of velocity at the start

(ii) the horizontal component of velocity after 1.3 s (iii) the vertical component of velocity at the start (iv) the vertical component of velocity after 1.5 s

(a) initial velocity = 25 ms-1  angle to horizontal = 30° 

(b) initial velocity = 45 ms-1 angle to horizontal = 40° 

(c) initial velocity = 15 ms-1  angle to horizontal = 50°

5. Calculate the magnitude and direction of the forces at the hinges of the following series of uniform doors. The hinges are placed at the top and bottom corners of the door in each case.

(a) weight 120 N width 1.5 m height 2.00 m

(b) weight 130 N width 1.6 m height 2.20 m 

(c) weight 100 N width 1.0 m height 1.80 m

Show the general direction of these forces on one diagram

6. Calculate the initial accelerations of the rockets in the following examples. 

(a) mass of rocket = 3000 kg thrust = 35 000 N

(b) mass of rocket = 5000 kg thrust = 65 000 N

(c) mass of rocket = 10 000 kg thrust = 125 000 N ​

(d) mass of rocket = 5000 kg thrust = 48 000 N. If the fuel burns at 50 kgs-1.

(i) how long before the rocket lifts off

(ii) acceleration 10 s after lift off (constant thrust)
