MITES 08 - Physics III - Solutions to Problems in Math Supplement A

Solution 1.:
dz
—+5z =0
dz or
= dz = —bxdx
zf Ty
= / dz = / —badr  (where, 29 = 2z(zo), and z5 = z(zy))
Z0 o
—51‘2 5$2
! 0
=2 — 29 = 270
Zf — 20 5 + 5
—5x? 5xd
= z(z) = ; + 20+ % (where, we relabeled z = zy and « = xy)
—5x? 5xd
= z(z) = ; + ¢ (where, we relabeled constant ¢ = zg + %)
. . . Lo —5z?
Thus, the solution to our differential equation is: | z(z) = > + c|.
Solution 2.:
dy 2
—4at"+b =0
ar +at” +
=dy = (—at® —Db)dt
ys tr
= / dy = / (—at® —b)dt (where, yo = y(to), and y; = y(ts))
Yo to
_at3 CLtS
= yr—yo = 73f = bty + =% + bty
at3 atd
=y(t) = —3 = bt + yo + 3 + bty (where, we relabeled y = y; and t = ty)
at3 atd
=y(t) = — 3~ bt +c. (where, we relabeled constant ¢ = yo + 3 + btp)
. . . L at?
Thus, the solution to our differential equation is: | y(t) = —3 - bt + c|.
Solution 3.:
dz 5
— =z—e
dz
=dr = (z—¢€")dz
xf Zf
= / dx = / (z —€*)dz (where, zg = 2(20), and z¢ = z(2y))
xo zZ0
2 2
= x5 —x9 = —exp(zf)+ 5 + exp(zp) — 5
22 28
= 2(z) = —exp(z) + 5 + zo + exp(z0) — ?0 (where, we relabeled = z¢ and z = zy)
22 22
= x(z) = —exp(z) + 5 +c.  (where, we relabeled constant ¢ = g + exp(zp) — 5 )
52
Thus, the solution to our differential equation is: | x(z) = —exp(z) + — + ¢|.

2




(where, xo = x(to), and xy = z(ty))

(where, we relabeled x = z; and t = t5)

Solution 4.:
dx 1
@ =%
=dx = (3— %)dt
Tf ty 1
:x/ o = / G- Lyt
xo to t
tf
=zy—xo = (3t—In(t))
to
= x5y = 3ty —In(ty) — 3to + In(to) + xo
= z(t) = 3t —In(t) +zo — 3to + In(to)
=z(t) = 3t —In(t)+c

(where, we relabeled constant ¢ = x¢ — 3to + In(tg))

Thus, the solution to our differential equation is: ’x(t) =3t—In(t)+c ‘ Notice that we must have ¢ > 0 since In(t)

is an undefined function for ¢t < 0

Solution 5.:

dx

ty
/ —btdt(where, xo = x(to), and xy = z(ty))

where, we relabeled x =z, and t = ¢
f f

(where, we relabeled constant ¢ = x3 + bt3)

e
Ut
= xdr = —btdt
Zf
= zdr =
xo to
o _ap _ i b3
2 2 2 2
= [z(t)] = 22+ bt —bt?
= [z(t)]® = c— bt?
= xz(t) = £vVc— bt?

Thus, the solution to our differential equation is:

Continued on the next page...

x(t) = £V e — bt?|.




Solution 6.:

dk

dt

N dk
3—-k

/W dk
:> P
k 3—k

kg

= —In(3 —k)

ko

= —In(3 — ky) + In(3 — ko)
L)
3~ ky

= In(

= erp [Zn(3 —1kf )}

3—k

dt

ty
/ dat
to

ty —to

(where, ko = k(to), and ky = k(ts))

ty —to

(tf — to) — l?’L(?) — ko)

exp[(ty —to) — In(3 — ko))

1
= exp [ty — to] exp [—In(3 — ko)]
35— &y
1 _
N exp [ty — to]
3—ky 3 —ko
3—k
0 3—ky

é e —
exp [ty — to]

=k(t) =
= k(t) =

Thus, the solution to our differential equation is: ’ k(t)=3—ce™"|

3 — (3 — ko)exp(—t)exp(to)
3—ce?

i

(where, we relabeled k = ky and t = ty)
(where, we relabeled constant ¢ = (3 — ko)exp(to))



