PS 6 solution

6.1
1)
a)

F=C(zx+ yy)e—“@“yz)

(25,
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Check:

V x F
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y(—2ax)e @ HY7) x(—2ay)e’a(m2+y2)> 2

.. potential energy function exists.
F = C(LL‘}A( + yy)e—a(zz-i-yz)
=-VV
A
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= V= —/C’e*a“jxdz+f(y)
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Put s = 2?2 = 2zdz = ds

= V= —%/Ce_o‘sds—kf(y)
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V =

y) can be obtained by integrating 2% or by differentiating the above expres-
oy
sion. Using latter
OV _ “2ayCe=oT af(y)
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upto a constant.



b)

F = C(y% — ay)e @ +v")
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.. potential energy function doesn’t exists.
Note: The vector yx — xy is perpendicular to radius vector xX +yy. So the curl
is non zero.
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.. potential energy function exists.

F=C(zx+ yS’)e*[’\/W
=-VV

= V = —/C’eiﬁV 2249 o d
Put 2% + y*> = 7> = wdx = dr. (Taking y as const)

V= —/Ce_ﬂrrdr
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Taking partial derivative of above expression wrt vy,

v _ B2y)  -syerre , CWPBY2 A2+ 1) g | | 0F()
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= f(y) = const

Vo 0(5\/332;292 1) sy

upto a constant
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X y Z
VxF= 0% a% %
2y xy? 2z
=(0—-0)%+ (0 - 0)§ + (y*> — 2°)z
# 0
.. potential energy function doesn’t exists.
6.2

F=-r

Att=0:2=1,y=0,v, =0,v, =2

1)
Att=0,f=1,¢ =]
r(0) =+z2+y2 =1
dr(0)
dt =v =0
d¢(0) _ vy _,,
dt T



2)

F= —V(#) = —V(r?/2) = F is conservative and V = —r?/2. The force
is radial, so the angular momentum is also conserved.
mi? mrzéz

E=— |4
2 2 +

Using angular momentum eqn in energy eqn gives,

4
P+ = +717=5
r

4)
4
=5——=—-1">0
r
=t —524+4<0
— (r* = 1)(r* —4) <0
—1<r<2
5)
In cartersian coordinates: "
I=——=—x
m
I
P=-==-y
m

—> x = Asint+ Bcost,z = C'sint + D cost

Initial conditions:

2(0)=1 — B=1,#(0)=0 — A=0

c.x =cost
y(0)=0 = D=0,90)=2 = C=2
.y =2sint

Y
z2+Z:sin2t+cos21:1

This is equation of ellipse with length of major axis = 2 and that of minor axis
=1



5.3

1)
F=-V(zy) = —yi—1j
mi=-—-y = &=-—y (1)
my=—r — §=—2I (2)
2)

Att =0,z =1,y =1,2 =0,y = 0. Adding and subtracting eqn (1) and (2)
gives

d2
p@ty)=—(z+y)
= x4y = Asint 4 Bcost
d2
-y =@-y

— z—y=Ce + De!
Initial conditions:
2(0)+y(0)=2 = B=2,2(0)4+y0)=0 = A=0

S+ y=2cost (3)

z(0)—y(0)=0 = C+D=0,2000—y0)=0 = C-D=0
= C+D=0
Sr—y=0 = x=y

Putting in eqn (3) gives
T =1y =cost

3)
Since F = —VU, F is conservative. Therefore total energy is conserved.
2 2 22
p @)
2 2
) .92
t t
= w + cost X cost
= sin?t + cos? t
=1
=E(t=0)
0+0
_ 0ty +1x1
2
=1



4)

22 442
2
M =3y + 2§+ zt +yy

M =iy +
=—yy —xx + i +yy
=0

12 412
M(t=0)=0x0+ ; =1

Using solution of equation

M(t) = —sint x —sint 4 cost X cost
=1

= M(t

0)

p=2+y,q=x—y

prqg=2r,p—q=2y

Differentiating twice,

=it i=i—j
Using eqn of motions form 1)
p=-Yy—x=-p
§=-y+tr=gq

— p= Asint+ Bcost and g = Ce' + De™*

Initial conditions:
p(0) =2(0)+y(0)=2 = B=2,p(0)=0 = A=0

q(0)=z(0) —y(0) =0 = C+D=0,4(0)=0
— C-D=0—= C=D=0

p=2sint
=sint + sint
=x+y
q=0
=sint —sint

:J’/‘—y



