Problemsfor chapter 4.

Revison Momentum is changed by externa forces.
vy, MV, =myV, +myv,
Consarvation of momentum: it T MMV = M Vo Y when no externd  forces
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Force can be found from the dope of the momentump vst curve.

'I;hechangein momentum (impulse) is found from the areaunder the pvs t curve.
a F=ma

For equilibrium é F = 0 and the sum of moments are zero, é sF. =o,wheres
isthe direct distance from any possible turning axis to the line of action of the force

OR the forces acting on the body meet at acommon point. A rigid body can be
trested as a point mass (or free body) when al forces act through the center of mass.

1* A helplesstradler of mass 60.0 kg is diding dong a frozen river towards a frozen waterfal
with aspeed of 0.80 m st thetraveller isgtting on a20.0 kg dedge that moves acrosstheice
with no friction. In desperation the traveller takes off his heavy boots (of mass 1.10 kg) and
throws them away in order to dow down or stop. At what speed and in what direction should
the travdler throw hisboots? Jugt in time the traveller comes to his senses and jumps off the
dedge instead, after thisjump hemovesa 0.50 ms” from thewaterfall (icefall reelly) at what
speed does the dedge reach the waterfal?

2* In question 1. there are three Stuations described:
i the traveller boots and dedge move with a common speed of 0.80 m st
ii the traveller and dedge have stopped and the boots kegp moving,
iii the traveller and boots move back & 0.50 m s™.
Find the speed of the centre of mass of the system (traveller boots and dedge) for each case.

3. A hdplesstraveler of mass 60.0 kg isdiding dong afrozen river towards afrozen waterfal
with aspeed of 0.80 m st thetraveller isgtting on a20.0 kg dedge that moves acrosstheice
with no friction. In desperation the traveler thinksto fire somerrifle bullets in the direction thet
the dedge is running. These bullets each have amass of 50° 103 kg and amuzzle speed of 500
m st. How many bullets must be fired before the traveller comesto rest or isjust moving
backwards? Instead of firing bullets, the traveller throws the 8.0 kg rifle at 12 m st indeed. Will
this strategy work?



4. In question 3. there are two Stuations described:
i thetraveler, rifle and dedge move with a common speed of 0.80 m st
ii the traveller and dedge go in one direction while the rifle movesin the other.
Find the speed of the centre of mass of the system (traveler, rifle and dedge) for each case.

5* “The bigger they arethe harder they fdl”. In agame of rugby (aither code) a105 kg
forward takes the bal up with agpeed of 6.5m s, alighter back withamass of 75 kg is
expected to stop the forward dead in histracks, a what speed must he make the tackle? If the
contact in the tackle lasts for 0.13 s, what averages magnitude of force does each player
experience in the tackle? If ingtead of running into the tackle the back stands and waits, but the
tackle istill dmogt ingantaneous, what is the speed of the players after the tackle?

6. In agame of basketbd| (any code) aforward catches the 0.38 kg ball with a speed of
125ms?, asshe catchesit in her amsthe ball comesto rest in 0.30 s What average
magnitude of force doesthe player experience in taking the catch ganding Hill? If ingead she
runsinto the bal, catchesit in 0.30 sand takes it forward with a speed of 7.0 m s?, (inthe
opposite direction to that the bal was travelling) whét is the average force that she experiences?

7* A gaf bal moving low and horizontaly with a peed of 30 m s* hitsacurb and bounces
draight up into the ar with agpeed of 20m s, If thebdl is in contact with the curb for 0.025 s
and it hasamass of 0.080 kg, what horizontd forceis required to stop the horizontal mation
and what verticd forceis required to give the bal the verticdl motion? Whét is the strength of
the average force during the collison?

8. A galf bal moving low and horizontally with aspeed of 25 m s hitsacurb and bounces
draight up into the air with aspeed of 20 m s'. If the ball isin contact with the curb for 0.022 s
and it hasamass of 0.080 kg, what horizontd forceis required to stop the horizonta motion
and what verticd forceis required to give the bl the vertica motion? What is the strength of
the average force during the collison?

9* A car of mass 1050 kg coadts dong a horizonta road with a congtant resistance force
dowing it down. If it isinitidly coasting a 20 m s* and after 10 sit hassowed to 11 m s* what
isthe strength of the force thet is dowing it down? How long will the car teke to cometo res, if
the same force continues to act?

10. A car of mass 950 kg coasts adong a horizontal road with a congtant resstance force

dowing it down. If it isinitialy coasting a 15 m s* and after 8.0 sit has dowed to rest, what is
the strength of the force thet is dowing it down?
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11* The momentum of two skate boardersis shown in the following p vs. t greph.
Skateboarder A has amass of 50 kg, while skateboarder B has amass of 40 kg. The two

katers
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goproach each other and ding together at 4 seconds, after this collison they continue with a
common speed, but as they have different masses they can't have acommon momentum. Use
the graphicd datato find the momentum of each skate boarder just before and after the
collison. What isthe magnitude of the frictional force on each skateboarder before they collide?

Note: if you can't take accurate numbers from the grgph do your best with estimates, thisiswhy
the masses have only been given to two sgnificant figures.

12. The momentum of two skate boardersis shown in thefollowing p vs. t graph.
Skateboarder A has amass of 50 kg, while skateboarder B has amass of 40 kg. The two
skaters
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approach each other and ding together a t = 4.0 s &fter this collison they continue with a
common Speed, but as they have different masses they can't have a common momentum. Use
the grgphicd data to find the momentum of each skate boarder just before and after the
collison. What is the magnitude of the frictiond force on each skateboarder before they collide?
Note: if you can't take accurate numbers from the grgph do your best with estimates, thisiswhy
the masses have only been given to two sgnificant figures.
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13* Inaclassc Nordic farry tale agoat crosses abridge. Let the weight of the goat be 400 N.
L et the bridge be alight uniform plank that doesn't bend of length 3.0 m from support to
support and let the bridge be horizontal. Vertica support forcesF, and F, act

E

from the ends of the bridge, calculate the megnitudes of F; and F, asthe goat is one third, one
haf and two thirds of the way acrossthe bridge.

14. Thistime two goats walk across a bridge in oppogte directions, as shown below. If the

larger goat is 1.0 m from one end of the bridge, how far hasthe smdler goat travdled if the
same support forces, thet isF, = F, act & either end of the bridge?

15>

Write aformulafor the strength of the forces that cut the materia between the blades of the
scissors (or shears) shown in the diagram. Each of these forces should be giveninterms of s,
s, and Vi
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16. A nut-cracker forms a different type of lever to the stissors, but the theory isidenticd.
F

F;JLD.EISD m

In the above diagram the forces on the upper arm of a nutcracker are shown, there will be equa
and opposite forces acting on the lower arm but these are not shown. Use the theory of
moments to find the magnitude of the force from the nut F, and the force on the fulcrum F.



