Solution: Quiz 2 Group Problem

The hanging weight is object 1 (mass my)
The cart is object 2 (mass )
The luggage container is object 3 (mass mg)

What is the mass of the hanging weight as a

function of the mass of the cart, the luggage

container, the angle of the ramp, and the

coefficient of static friction so that the

luggage container and the cart have the

same acceleration?

Approach: Use Newton's 2™ Law to relate the forces on each object to its acceleration and mass. All
3 objects have the same acceleration if the container does not fall off the cart.

From Newton's 3" Law the frictional force of the cart on the container equals the frictional
force of the container on the cart. Also the normal force of the cart on the container equals
the normal force of the container on the cart.

Since we want the container to move with the cart, it must have the same acceleration as the
cart. Since the surface of the container does not move relative to the surface of the cart, the
frictional force is static friction.

Assume a massless cable and massless, frictionless pulley. The cable exerts the same force
at both ends.

Choose a coordinate system with one axis along the ramp.
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YR =mg-T=ma > K =T-fg—-mygsnb=mya > R =fg—m3gsinB=msa

2. Fy =Fn2 —~Fy3 —mpgcost =0 2. Fy =Fn3 —m3gcosd =0
fs=pFng for maximum static frictional force



Target: m

Plan unknowns
Find my my
mg-T =mja 1 T, a

Find T

T -pHgF3 —mogsin B =mja 2 Fns

Find Fns

Fh3 —m3gcos6 =0 3

Find a

HsFh3 —m3gsin6=mga 4
4 unknowns, 4 equations. Ok to solve.

Execute:
[4] MsFh3 —m3gsin® = maa
HsFn3 —m3gsin®
m3

=a putinto 1and?2

. HsFhg —m3gsin®

[1] mg-T=m
m3

X HsFh3 —magsin®

[2] T-psFng —Mpgsin®=m
mg3

[3] K3 —m3gcosb =0
Fh3 = m3gcosO put into 1 and 2
MsM3gcosO —ms3gsin 6
1 ms

[1] mg—-T =m =mqg|Hs CcOSO—SiN6
1 1Y\Ms

HsM3gcosO —mszgsin©
2
m3
T = ugmsgcosd + m,gsin B+ myg(ugcosb—sinB)  putinto 1
Mg — UsM3g c0s0 — m,gsin @ — m,g(ug cos8 —sin 8) = myg(ug cosb —sin 6)
m;g — myg(u cos —sin B) = pgM3g cose + m,gsin 8 + mog(us cosd —sin 6)

[2] T - ugM3gcosB — m,gsin@=m = m,g(u cosd —sin 6)

LLgM3 cosB + M sin 6 + M (L cose —sin 6)
1-(ugcos® -sin6)

_ HsgMm3cosB + mopig coso

~ 1-(ugcos®-sin6)

mq =

Mg COSO
1- (ugcos® —sin B)

mp = (m3 +m2)




Evaluate:
Units are ok since the sum of two masses has units of mass and everything else in the equation has

Nno units.

my depends on the sum of m, and mg, This is not unreasonable since if either the mass of the cart or the
mass of the container increased, the mass of the hanging weight would have to increase it you wanted
to keep the same acceleration.

If the angle of the ramp with the horizontal were 90 degrees, my would be 0. Thisis not unreasonable
since at 90 degrees, the cart and the container would be going straight down. They would move
together if they were in free fall (both with the acceleration g). Thus the cable should not pull on them
at al. Thisrequires no hanging weight (my =0).



