Problem 1 (20 points)

x o

A force F exists throughout the plane. The magnitude of the force at any point is

where W is a constant, and where r is the radial distance from the origin. The direction
of F is tangential and counter-clockwise, as depicted.

(a) A particle of mass m moves in the plane from A to C along the solid line segments
shown on the right. It goes by way of point B. Here, A and B are both at distance i,
while C and D are at distance ro, where r, > 7;.

W= §F &
What is Wpc, the work done by the force over the path ABC?

Wage = Whg *Wpe = —Wo L = t0 = °
' ™
(b) Now the particle moves from A to C, but going by way of D.
What is Wapc, the work done by the force over the path ADC? —Wo DO

Waoe = Wap HWpe = 0+ j;.; th® -

(c) Is F a conservative force? Justify your answer. tee MA\MT rwol‘\'iw)
No belouas JU/‘
If F is conservative, what is the potential energy U at any pomt" p
"
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Problem 2

(a)

|

|

(a) Total energy is conserved, since there are no dissipative forces (friction).

kAx?
Ey= * and Eg = mgH

kAz? EAz?

Er=FEp = =mgH — H =

2mg

(b) The block keeps going up the incline until the wedge and the block reach the same
velocity, call it v. When this happens, the block is stationary relative to the wedge.

Since there are no dissipative forces, the energy of the system throughout the process is
conserved: Ky = Eg = E¢ (see Fig. 2).

kAx? (m + M)v?

EA:EC:> :mgh+T (1)

Also, since there are no external forces acting in the horizontal direction after the block
stops interacting with the spring, the horizontal momentum of the system is conserved:
PB = Pc-

mv, = (m+ M)y = v =

Vo

m+ M
Substituting v in equation [I}, we get:
kA 2 2
R it 2)
2 2(m+ M)
Now we find v,, the speed with witch the block leaves the spring, in terms of the known

quantities from conservation of energy from A to B:

EA 2 2
2 2
,  kA?

o

mgh =

v
m

Substituting v, in equation [2 we get:

kAz? m kAx? M
1— = h =
2 ( m—I—M)

mgh =
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