Vectors 2 

Where necessary take the intensity of the Earth's gravitational field to be 9.8 N/kg

1. An elephant of mass 4000 kg sits squarely in the centre of a table that has four vertical legs, one at each corner. What is the thrust in each leg of the table?


2.  What is the resultant of the three forces shown in the diagram?

3. A stone of mass 200g is held at rest on a smooth slope by a horizontal force F. If the slope is inclined at an angle of 20o to the horizontal what is the value of F?

4. An ice hockey puck is moving across the surface of the ice at 10 ms-1 parallel to one of the long sides of the ice rink. It is hit by a player's stick giving it a velocity of 15 ms-1 30o to the original direction. What is the resultant velocity of the puck in magnitude and direction?

5. A family moves into a house but finds that a large cupboard will not go up the narrow staircase. They decide to hoist it in through an upstairs window. They use a beam and hang the cupboard from the end of the beam using a rope. At one point they have to pull the cupboard sideways with a wire to avoid a tree. What is the tension in the wire if the rope makes an angle of 40o with the vertical and the wire is horizontal (See diagram)? 

6. A girl takes her dog for a walk up a hillside. The dog is reluctant to move and she has to pull on the lead just to keep the dog from sliding back down the slope.

If the dog has a mass of 8 kg and the hillside is at an angle of 25o to the horizontal what is the tension in the lead if:

(a) The lead is parallel to the slope and 

(i) The hillside is frictionless (unlikely!)

(ii) There is a frictional force of 25N acting parallel to the slope

(b) The lead is inclined at 30o to the slope

(i) The hillside is frictionless (unlikely!)

(ii) There is a frictional force of 15N acting parallel to the slope

7. A gymnast of mass 65 kg hangs between two parallel bars so that their arms each make an angle of 15o with the vertical. What is the tension in each arm?

8. A tightrope walker weighing 700N traverses a 20m long wire. When they are in the centre the wire sags by 35 cm. What is the tension in the wire?

9. A tug uses a steel hawser to tow a tanker. If the tension in the hawser is 5000N and the hawser makes an angle of 15o with the horizontal what is the horizontal accelerating force on the tanker?

10. Chairs on a fairground ride swing outwards from the vertical when the ride speeds up. If the mass of the chair plus occupants is 200 kg and the wire supporting it is 5m long what is the tension in the wires when the chair has swung a horizontal distance of 3m from the vertical?

11. A crate with a mass of 1500 kg is suspended from a thin wire. The wire has a breaking stress of 20 000 N. If the crate is pulled sideways calculate the angle that the wire must make with the vertical before it breaks.

12. An aircraft is flying north at 200 ms-1 when a wind with a speed of 50 ms-1 begins to blow from the west. 

Calculate:

(a) the direction in which the pilot must point the plane to maintain the original direction and speed

(b) the speed at which the plane must fly to maintain the original direction and speed

13. A box of mass 5.0 kg is suspended by two wires attached to the same point on the box. One wire is at 35o to the vertical and the other 60o to the vertical. Calculate the tension in each wire.

14. A boat steers across a straight stretch of a river at right angles to the banks at 5 ms-1. The current flows at 3ms-1.

Calculate the new speed and direction of motion of the boat.

15. The two masses shown in the diagram are supported in equilibrium by three weightless strings. 

Calculate:

(a) the weight (W) of mass B to make the central string horizontal

(b) the tension in each string

16. A man pushes a lawnmower along. If he exerts a force of 300N along the handle of the lawnmower which is at 35o to the horizontal calculate:

(a) the horizontal component of this force

(b) the vertical component of this force

(c) comment on your answers relating them to lawnmower design and ease of mowing

17. A large steel ball of mass 650 kg is used on a demolition site. It is suspended from the jib of a crane by a steel cable.

(a) What is the tension in the cable if the ball is hanging vertically?

(b) What is the tension in the cable if the ball is pulled sideways by a horizontal wire so that the cable makes an angle of 25o with the vertical? 

18. The circular basket of a hot air balloon is supported by eight wires. If the wires are equally spaced around the basket and all make an angle of 10o with vertical what is the tension in each wire. Mass of basket and occupants = 350 kg.
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