02/10/23

Fun items for the teaching of mechanics

1. Mr. Lee exercises his dog on a 10 minutes walk straight across the Victoria Park by throwing a stick that his dog chases and retrieves.

a. To keep his dog run for the longest distance within 10 minutes, in which direction (along the walking direction, opposite to the walking direction, sideways or in any direction) should he throw the stick? State any assumption made in your estimation.

b. To keep his dog run for the longest distance per throw, in which direction should he throw the stick?

c. How do the displacement of him and his dog compare after the last retrieval?

2. Jacky Chen is chased by two karate killers, A and B, along a 4 km long footpath on a foggy day. Initially, Jacky and killer A are on the same end of the path and running in the same direction. Jacky is slightly ahead of killer A, but killer B is on the opposite end running in the opposite direction. They cannot see each other until they are very near. Jacky can run 10 km h-1 and both killers can run only 8 km h-1. When Jacky sees B while he is running away from A, he turns around and runs away from B instead, until he sees A whereupon he turns around again. Jacky then repeats the back-and-forth trip many times until the three persons meet each other.

a. Where do they meet?

b. What is the total distance traveled by Jacky?

3. A sailboat is sailing downstream. The wind is blowing in the same direction of the stream. The velocity of the water is 3 m s-1 and the velocity of the wind is 5 m s-1. What is the maximum velocity that can be attained by the sailboat?

4. Two jets X and Y flew from A to B a distance of 4000 km. Jet X covered half of its flight distance at a speed of 2500 km h-1 and the other half at a speed of 1000 km h-1. Jet Y spent half of its flight time at 2500 km h-1 and the other half at 1000 km h-1. Which jet would complete the trip first, and by how many hours did it beat the other?

5. A freely falling body is videotaped. If the tape is playback in reverse, what is the direction of its (a) velocity and (b) acceleration?

6. A donkey is pulling a rope tied to a wall. The rope is just strong enough to withstand the pull. If two donkeys are pulling the rope in opposite directions, will the rope break?

7. Estimate the world record of board-jumping and pole-vaulting given that the world record of 100 m sprint is 10s. Explain the differences between the actual record and the estimated results.

8. A fluid with R.D. (relative density) = 1 but viscosity lower than that of water will be used in future swimming galas. Can someone swim faster than she run?

9. A future track-and-fields event will be held inside an indoor stadium on the surface of the moon. Due to reduced gravity, can 10 km walkers walk faster on the moon than on the earth? Why? Assume that walkers are not allowed to lift both feet over the track

10. The mass of the earth is 6.0 x 1024 kg.  What is the weight of the earth?

11. Two identical equipment catalogs, A and B, each with 500 pages and weighs 10 N, are interleaved page by page.  The coefficient of static friction (μ) between 2 sheets of paper is 0.2. Estimate the force, F , required to pull the books apart. 
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12. A slinky is held from the top coil and a smooth ball slightly larger than the diameter of the slinky is placed on the top coil. Let go the slinky. Will the ball fall along with the slinky?  Why?

13. A light Newton-balance is hung from the bottom of another identical balance.  A string is tied from the hook of the bottom balance down to a rigid support. The string is pulled taut until both balances read 5 N. What are the scale readings when a 0.2 kg mass is hung from (a) the bottom balance, and (b) the top balance?




      Initially



   Case (a)



Case (b)
14. Comment on the following statement:

‘The choice of shoes is an important factor affecting the result of a tug-of-war game.’

15. A block of weight W rests on a rough horizontal surface. The coefficient of sliding friction between the block and the surface is (. Find the minimum force, F, required to pull the block moving uniformly along the surface.


16. A hunter finds a monkey hanging on a tree. He aims his blowpipe at the monkey by bore-sight onto the target. The monkey releases himself and falls straight down at the same moment as the hunter fires a dart through the pipe. Will the dart hit the monkey?


17. Genralization of the 1st law of thermodynamics to none rigid body mechanics
a. Express the first law of thermodynamics in terms of U, W and Q which stand for internal energy, work and heat respectively.

b. Which part of the body has a displacement contribute to the external work done?

c. How can we incorporate the change in mechanical energy ((P.E. + (K.E.)into the 1st law?

Suggested answers:

1. a. The answer is ‘any direction’, if the time required for the dog to accelerate and slow down can be neglected.

b. Backwards.

a. Same .

2. a. At the midpoint of the footpath.

b. They meet after 0.25 h.

( The distance travel by Jacky is  t = 0.25 h x 10 km h-1 = 2.5 km

3.  The maximum velocity of the sailboat is 5 m s-1 because the boat cannot exceed the velocity of the wind.

4.  Jet X takes  tx =2000 (1/2500 + 1/1000) = 2.8 h to finish the journey.

Let ty be the time of flight of Y.  

Apply  
 s = (v1ty /2)+ (v2ty/2)



 8000 = (2500 + 1000) ty = 3500 ty
    ty = 2.3 h

(Jet Y beats jet X by 2.8h – 2.3 h = 0.5 h

5. a. Velocity is up.

c. Acceleration is down (moving up but slowing down).

6. No, according the 3rd law.

7.  For board jumping, apply   s = (v2/g) sin 2(








s is maximum when ( = 45o 

· s = v2/g = 10 m (estimated value)

The world record is about 9.0 m. 

The difference can be accounted for by the following factors:

1. Angle of take-off < 45 o. 

2. The point-mass assumption is not correct. The level of c.g. at take-off is higher than the c.g. at the landing position.

3. The point-mass assumption is not correct. Horizontal distance is not measured from c.g. to c.g. 

Factor 1 and 2 are in opposite directions and compensate one another to some extent. 

For pole-vaulting, apply 

mgh = 1/2(mv2)









      h = 1/2(102) = 5 m

The world record is about 6m. The main factor accounting for the difference is 
8. Forward motion in swimming is sustained by the 3rd law reaction from the water being pushed backwards by the limbs of the swimmer. In each pushing stroke, the chemical energy of the swimmer is converted mainly to the kinetic energy of a small mass of water. In contrast, the chemical energy of the sprinter is converted mainly to the kinetic energy of the sprinter. There is no acceleration in both cases because the energy of the contracting muscle is released to the environment as heat. Also, the energy loss due to friction is assumed to be small in both cases.
9. In walking, the forward force is the frictional force exerted by the ground on the walker. Since F = (( = (mg and g is smaller in the moon, sliding is more likely to happen on the surface of the moon. Consequently, walkers cannot walk faster if they are not allowed to lift both feet over the track.

10. The weight of the earth has no meaning if the force center attracting the earth is not specified.

11. Consider the free body diagram of the next to the bottom page of book B (highlighted).


The force exerted by book B on this page is (W/2 (Take moment about its own edge).

The normal force exerted by book A on this page is also W/2.


The total normal force acted on the top of this page is W.


The force required to pull out this page is 2(W.

 (There are two surfaces of contact.)

The force required to pull out a page near the top is 0.

(The average force required to pull out each page is (0 + 2(W)/2 = (W

(For a book of 500 pages with coefficient of friction ( = 0.2, the force required to pull the interlocking pages apart is


F = 500 x (W = 500 x 0.2 x 10 N = 1000 N

12. The end of the slinky will accelerate faster than the ball because it is acted on by both the gravitational force and the elastic force.

13. The reading of a spring balance reflects the extension of the spring. In case a, the readings of the balances are not changed, but the tension of the string at the bottom is reduced by 2 N.

In case b, let T be the reading of the top balance and B be the reading of the bottom balance. As the total extension of the spring is not changed, 
 T + B = 10 N   
(1)


(Fy = 0 for the top balance,  T = B + 2N 

(2)


Solving (1) and (2),        T = 6 N and B = 4 N

14. Consider an extreme case: Members of the heavier term wear roller skates but members of the weaker term wear track shoes. Which term will win?
15. Let N be the normal reaction on the block, then the frictional force opposing the motion is (N. The figure below shows the free body diagram of the block.



From the condition of equilibrium’



( Fx = 0   F cos ( = (N





(1)



( Fy = 0   F sin ( + N
= W




(2)


Combining (1) and (2), 



F cos ( = ( (W –F sin ( )


Squaring both sides and rearranging terms,
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For real sine values, the discriminant  b2 – 4ac (0
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Other problem situations in A-level physics that can be solved by the discriminant method:

a. The maximum range of a projectile (AJP, 1984, 881)

b. The minimum force required to pull a pendulum bob so that it makes a fixed angle with the vertical

c. Some special cases of Fermat’s principle (AJP, 1984, 881)

d. The equilibrium postion of a floating object

e. The minimum distance between on object and its real image of a convex lens

f. Resistance matching for a maximum power output of a power supply

g. The shortest distance between two cars mocing in mutually perpendicular directions

h. The maximum height reached by a piece of mud thrown from the rim of a rolling wheel

i. The optimum direction that a jogger should run if he is in imminent danger of being knocked down by a car

16. Using the coordinate system shown in the figure, the equations of motion are:

for the dart
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and the monkey  
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the dart will hit the monkey.
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