DYNAMICS 2

Tutorial Discussion

3
(a) (i) Change in momentum = pF – pI = 5.0 x 10-3 (400 – 600) = 1.0 Ns


(ii) 
Average resistive force = (p/(t



(t = 2.0 x 10-2 m / [ (600+400)/2 ms-1 ] = 4 x 10-5 s

Therefore Average force = 1.0/(4.0 x 10-5) = 25 x 103 N

Alternatively, you can find the average deceleration and apply F = ma.

(b) Change in momentum = pF – pI = 55 x 10-3 (-4.0 – 5.0) = -0.495 Ns

4
Conservation of Momentum:


6.0 (5.0) + 4.0 (0.0) = (6.0 + 4.0) v


v = 3.0 ms-1

K.E. before impact = 0.5 x 6.0 x 5.02 + 0.5 x 6.0 x 0.02 = 75J


K.E. after impact = 0.5 x (6.0 + 4.0) x 3.02 = 45J

The lost in K.E. can be attributed to the gain in internal energy of the system due to the cohesion of the two bodies. Just think about driving a nail into a block of wood. Work needs to be done to achieve that, and the work that is done, besides being lost as sound and heat, adds to the internal energy of the system.

5 The energy of the pile-driver just before it hits the stake is in the form of kinetic energy which has been converted from the gravitational potential energy it possessed before it was dropped.

Thus gain in KE = loss inGPE = mgh = 200 x 10 x 20 = 4.0 x 104 J 

Since ½m((v2) = 4.0 x 104 J  ( ½(200)(uP2 – 02) = 4.0 x 104  (  uP = 20 ms-1
By conservation of momentum:

mPuP + mSus = mPvP + mSvs  (  200 (20) = (200 + 50) vP,S  (since vP = vs = vP,S)

vP,S = 16 ms-1
Final K.E. = 0.5 x (200 + 50) x 162 = 3.2 x 104 J

Loss in K.E. = (4.0 - 3.2) x 104 = 8.0 x 103 J

Mr Lim’s extra Q: The stake and the pile will eventually stop moving. (unless it pierces a hole in the Earth!) Why is the momentum not conserved? 

6
By conservation of momentum:

5.0 x 10-3 (200) = (0.500 + 5.0 x 10-3) v  (  v = 1.98 ms-1
The speed calculated above is the speed right after the bullet embeds itself in the block. This speed cannot be maintained because as soon as the bodies displace, there will be a gain in GPE, and this can only happen when there is a fall in KE ( The speed will decrease.

Loss in KE = Gain in GPE 

At maximum height, all KE will be lost ( 0.5(0.505)(1.98)2 = (0.505)(10)(h 

   ( (h = 0.196

7
By conservation of momentum:

18 (4.0) = (18 + 6.0) v  (  v = 3.0 ms-1

The KE of the system before collision = ½ (18) (4.0)2 = 144 J


The KE of the system after collision = ½ (24) (3.0)2 = 108 J


Loss in KE during the collision = 36 J

The loss in KE has been converted to the internal energy of the system due to the cohesion of the two masses. Without this energy the trolley would have moved off without the parcel.

Little of the loss can be attributed to heat and sound because heat and sound is produced when the parcel is dropped from a great height, but we never considered the kinetic energy of the parcel just before the collision which will also be lost after the collision. So this experiment could happen in a weightless environment and the 36 J will still be lost. 

8 The solution to this problem is almost identical to Q6:

Find the K.E. possessed by the bullet and the block after their collision. (0.627J)

The amplitude of the vibration is actually the maximum compression and extension of the spring after the block with the bullet attaches itself to it. At maximum compression or extension, velocity of the block is zero and the elastic potential energy in the spring is

EPE = ½ k x2 , where x is the maximum extension (compression) of the spring.

Thus Loss in KE of block = Gain in EPE of spring  (  ½ (5.0) x2 = 0.627J  ( x = 0.50 m

9 Initial p of astronaut and spray = 0 Ns ( Final p of astronaut and spray = 0 Ns

Final p = 80 vA + 0.10 (0.50) = 0  (  vA = 6.25 x 10-4 ms-1
To get back to the capsule 10.0m away, time needed = 10.0 / (6.25 x 104) = 8000 s 

Mr Lim’s extra Q: Final KE > Initial KE = 0. Has energy been created?
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In 1 second, 30kg of sand would have gained 30(2.0-0.0) = 60 Ns of momentum.

Since the belt is applying the force that brought about that change in momentum, and the magnitude of that force is the rate of change in momentum of the sand:

Force exerted by the belt on the sand = 60Ns / 1s = 60 N

Mr Lim’s Note: The acceleration of the sand is not 2.0 ms-2! It did not take 1 second for the sand to reach its speed of 2.0 ms-1. Neither is there a 20kg pack of sand accelerating consistently. So you cannot substitute m = 30kg and a = 2.0ms-2.  

12 Initial p of the system = mP uP + mQ uQ  

Note that we have not already assumed the directions of P and Q, or that they are moving towards each other.

Conservation of momentum:

mP uP + mQ uQ = mP vP + mQ vQ
When P is at rest, vP = 0. 

Substituting that and uP = u and uQ = -v (because u & v are speeds): 

mP u - mQ v = mQ vQ  (  vQ = u – v  (since mP = mQ)

Note that vQ is the velocity of Q. So speed of Q can be either u – v or v – u, depending on which of u and v is greater.

Ans: B
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(p of molecule = -mu - mu = -2mu


Volume of beam = Au m3s-1

No of molecules = 2.0 x 1020 x Au = 2.0 x 1020 x 500 A = 1.0 x 1023 A molecules s-1


Force exerted on the wall = 1.0 x 1023 x 2muA = 4.8A N


Pressure = F / A = 4.8 Pa
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Initial momentum of the system of dog and boat = 0 Ns


Therefore final momentum of the system = 0 Ns (no external forces)


Thus  mBoat vBoat - mDog vDog = 0  (  vDog / vBoat = – mBoat / mDog = – 4


If the same time has elapsed for both the dog and the boat then

sDog / sBoat = –4  

where sBoat and sDog are the displacement of the boat and the dog respectively.

If sBoat = x , then sDog = – (8 – x), because the 8.0 m is the distance the dog walked on the boat, but the boat moved backward by x m. So the dog has only displaced itself by (8.0 – x) m. 

It kind of like a man running on the treadmill: although he is running with a speed of 10 km/h, his momentum is zero because the floor below him is moving at the same speed in the opposite direction. The reverse is also true: a man walk on a travelator is walking with a certain speed v. But his momentum is greater than mv because the ground he is walking on is also moving forward with a speed of u. So his actual momentum is m(v+u).

So – (8 – x) / x = –4 ( x =  1.6 m


Since actual displacement of the dog is –6.4 m, so it is still 13.6 m from the shore.

