(a)

(b)

On the way up, the weight and the frictional force are both downward; on
the way down, the weight is downward but the frictional force is upward.
Therefore, there is a larger net force between ¢t = 0 and ¢ = t; than between
t =ty and t = t,, with a correspondingly larger acceleration. To cover the
same distance, then, it takes a shorter time upwards than downwards.

The differential equation
£(t) = —g —72(1)
with 2(t = 0) = vy and z(t = 0) = 0 is solved by

()= -2+ <vo + g) e 7t
g gl

t 1—e
0= (s )
v v v
From 2(t1) = 0 and z(t2) = 0, we get
Mo _ oyt b2
1+g—e =

so that

and t, > 2t follows.

(a)
(b)
(c)

a is a length, and F' is a force.

Fa is an energy, and y/ma/F is a time.

We have
e va~ Watfa for |z| <a,
V| for |z|>a,

so that

1
—Fz? for |z|<a,
V(gj) i 4a

Flz|  for |z|>a.
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(d) For Jmwa” = EFx and T' = e get

(e) The turning points are at x = £x; with £ = V(x;). Then

B 7 dz
_2/ V(@) _40/ JEV @) - V)]

—x1

We substitute z = (y2 + 2y)a, dv = dy2(y + 1)a, V(z) = Fay? FE =
V(z1) = Fay? and get

dy2(y + 1)a 2ma dy y+1)
E):4/ _4,/ |
9 @/QFa Vi —y?

With
Y1
dyy  _ 2 o _
\/?2—— yr—y =
Yi—vy _
0 y=0
and
Y1
dy 1
2 _ 2_§7T’
9 Yi—vy
this gives
2ma E
T(E) = 4/ — + 27 | .
(E) F < VFa ™ ”)
(a) Since
4Nz
VxF = 0 #0,
0

this force is not conservative.



(b) Since

VxF=Vx(d@r—aa-r)=a’Vxr+axV(a-r)=0,
0
= = Qa

this force is conservative, and the potential energy is

1 1 1
V('f’) = —§CL2T2 + 5(0, : T)Q = _i(a X 7')2 :




