Name: (please print name here —)

MATH 334: ” MissioN 1: FIRsT ORDER DEQNs [50PTS]

You write the solution neatly in the box provided and show work on your own, standard sized,
non-fuzzy edged, paper. The work must be labeled with problem number and part as appropriate
and if a problem is skipped it must be mentioned in the attached work. Neatness is part of the
score. There are more than 50pts that can be earned, but 50pts are in the Syllabus. Enjoy.

Problem 1 (Separation of Variables) Solve the differential equations below. If possible, find the
explicit solution, otherwise find an implicit general solution.

g=Lixefsc () L= (@+1y
Y=-1xe -3e  +C (b.) e”j—z = 2z
9 = -1 + fex (c.) %JT

—~ %(9“)21‘/'1/‘41‘/[ - —_XL £ C (d.) 2%y = (y + 1)dz

9= Cos“‘ (‘IZ e~XSlﬂx -ca.rx) (e.) seczdy = z cotydz

d . .
- Ia [wy,[*._zun[w Y+Z;é!n[wy-l/.3;, (£.) secy%—{-sm(z—y) = sin(z+y)
=285inX + C -

-1 dw .

‘fun-l(ex}'f'c (g.) (€ +e ) —=w

W= dx

Problem 2 (Initial Value Problems) Use sepéra,tion of variables to solve the IVPs below:

fon~! (x) = Y4y - %ﬂ: (a. %:4(z2+1)withx(7r/4) = 1.
‘é = —«‘;." + '&e-zx (b.) v + 2y =1 with y(0) = 5/2.




Problem 3 (substitution of form u = az + by + ¢) Solve the following by making an appropriate
substitution and using separation of variables,

™ d
| d
Y= X=5-da(-x~C) (b) =g ermess

Problem 4 (homogeneous equations, try ¥ = uz or z = vy on M(z,y)dz + N(z,y)dy = 0 where
M and N are homogeneous functions of same degree)

taa () + FAn(1+ ?z/xz/ =-baixjre |(a) %=

%fn/l - ;?/- g’-ﬂn/l * —2,22/= Jnlx] +C | (b.) (2* +ay —y?*)de +zydy =0

Problem 5 (exact equations) If the DEqn below is exact then solve it, otherwise explain why the
given DEqn is not exact.

XZZZ- 3Ix+4Yz2=C |(a) (222% — 3)dz + (2222 + 4)dz =0

not exact 1 (b.) (Zy — % + cos 3$> ;i_z + %2— —42% + 3ysin3z =0
- o+ 9§3= C |() @ +5°)ds+308°d8 =0
e?-l')(‘ﬂlco;h(x}:: ¢ | (d.) (e¥ + 2zycoshz)y + xy?sinhz + y? coshz = 0
11t t
¢ : (e.) <E+F“m)dﬁ7+<te +m2it2>dt20
Ue* et s it (2] # Inlk - £ -:‘c}
(S‘Wj box oo st/




Problem 6 (exact equations with integrating factor) A general form of an integrating factor is
suggested. Find the specific form I which serves as an integrating factor and solve the
DEqn Mdz + Ndy = 0 by solving the exact equation IMdz + [Ndy = 0)

(xg +4°)€" = ¢

(a.) y(z +y+ 1)dz + (z + 2y)dy = 0 given I = ¢*

4,2 3 -7
X9 +x9'=C

(b.) y(4zy® + 3)dx — z(2xy® + 7)dy = 0 given [ = 4y

Problem 7 (linear first order DEqn) Solve the linear first order ODEqn given below and state the

interval on which the solution is defined. If given an initial value, then fit the given
data to the explicit solution.

k1
Y= EI‘J- Cex (a.) ¥ +32%y =2
- x4 (b) 2% 1oy =3
Y= Ix’_Lx+S @) a2 ry=s s
-7 3 X dz
g = unX4C _ e x reesex (d.) cos®zsinzdy + (ycos’z — 1)dz =0
Sin X,

r = O-wo+C (e.) —+rsec6’—cos€
Sec ©® + hn B

Problem 8 (Bernoulli’s Equation). If the DEqn has form dy + P(z)y = f(z)y™ for some real n

then it is called a Bernoulli Equation. These can be solved by a w = y!~" substitution,
we assume n % 0, 1. Solve the following:

]
y = —==

dy z, 2
1 (a) ———y=¢%
ce - 5 €% dz

— ' xdy
4 = s ey (b) 80+ g,

= 2zy(y® — 1)




Problem 9

Problem 10

Problem 11

Problem 12

(Ricatti’s Equation). If 2 = P(z) + Q(z)y + R(z)y? then tée given DEqn is a Ricatti
Equation. If y; is a known solu’mon then the substltutlon@ 11 +u turns the problem
into a Bernoulli Equation with n = 2. Given the Ricatti Equation below with known
solution ¥, solve it. Or, if no y; is given then figure one out then solve it.

X dy 2 2
% - X + _%+Cezx (a-)a;“%ﬁ +y/$—2y,y1—m
| d
4=-3- xc (b) 3o =9+ 0yt

(Clauiraut Equation) Let f be a smooth function. The differential equation y =
zy + f(y") is known as a Clairaut Equation. Show that y = cz + f(c) serves as a
solution to Clairaut Equation for any ¢ € R. Furthermore, show

z=—f(t), & y=f(t)—tf(t)

give a parametric solution to Clairaut Equation. If f”(t) # 0 then the parametric
solution describes a solution not found in the linear family and as such it is known
as the singular solution. Solve the Clairaut Equations below by finding both their
linear solutions and the singular solution.

J=cx tcteye | 9= Lixr) @) v=@ray @)

A . — X [ 2%
Solvea—;——e coshz % —/(“(C"L?'l"?'e

dy v +4y+5 | Y
dr  z2—3z—4

H

Solve —=

/
- + “an C"'in oy s)

1
Problem 13 Solve (y + sin™"(z))dz + < T y2) dy =0

XY + xsin )+ 1 =x* +fun'(y)=c

€T

d
Problem 14 Find the explicit solution of E—y— =% for which y(0) = —2.

r Y

—\flex-t- 2




Problem 15 Find the implicit solution of:

1 |
(1 + 22y — 551_4) dz+ (Qy + 2z%y — -

K1y’ L () 9% Ty

2

1
)dy=0.
-y

Problem 16 A differential equation Mdx 4+ Ndy = 0 is exact if there exists £’ for which dF =
Mdz + Ndy. Since d(dF) = 0 is an identity of the exterior calculus we can check
on the exactness of a given differential equation in Pfaffian form by taking its exte-
rior derivative. Determine if the differential equations below are exact by taking the
exterior derivative of the differential equation:

dw=0 . W=0 exad (a.) ysin(zy)dz + zsin(zy)dy = 0
i
w
dw#¢p & W=0 inexact (b.) —a?dy + y2dz =0
S

w

Problem 17 (Orthogonal Trajectories) Find the orthogonal trajectories to the curve or family of

curves described below:

9= (2(x+c)”

(a.) y=(z—a)’

x*+ 39° = cY%

(b.) y? — 2?2 =28

Problem 18 (Orthogonal Trajectories to Polar Curves) Find the orthogonal trajectory for the curves
described below (please use polar coordinates to formulate the answer)

(a.) 7 =c1(1 + cosb)

SntO  _
| + cos © ér‘
r=ce®

(b.) r = cy€f

Problem 19 (Isogonal Families) A family of curves which intersects a given family of curves at an
angle o # /2 are said to be isogonal trajectories of each other. If % = f(z,v)
describes a given family of curves then show its isogonal family are solutions of

dy  f(z,y) £tanc

de 17 f(z,y)tano’



£

Problem 20

Problem 21

Problem 22

Then, find the isogonal family to y = c;x at angle o = 30°.
~if Yy | 2
fﬁj’}uﬂ (-,-(—)-C+;_~Jn(x+\/)

An integral curve to a vector field F= (P, Q) can be described parametrically as a
path & — F(t) = (z(t),y(t)) for which F((t )) A That is, (P, Q) = (dz/dt,dy/dt).
Parametrically we need to solve %% dm = P and ” = (). However, if we are only interested
in describing the 1ntegra1 curve 111 Cartesmn coordmates then we can eliminate t via

the calculus
dy dy/dt Q

de  dx/dt P

thus finding an integral curve for a given vector field which depends only on z,y is as
simple as solving the above first order ODEqn.

(a.) Consider the vector field F(z,y) = <(T 7y WG 11) v > Find the the level

curve which serves as an integral curve for F through P, = (z,,7,) % (1,0).

(x'l)z + "31. : (Xo"l)z + %oz

(b.) Find the integral curves of the vector field F = (1,e* —2y/z). Please leave your
answer explicitly in terms of y as a function of z.

‘3—-—— e"+c)

Let b be a positive constant. If a friction force of F; = —bv* is applied to a mass m
with initial position z, and initial velocity v, then find the velocity as a function of

V,
A1 + 3b4VZ/m

(a.) time £,

V() =

Vo

(b.) position z.

v

w = NI %ﬂ-"-(*-xo)v,?

When a resistor R and inductor L are in series with a voltage source £ then circuit
analysis yields the differential equation:
di
L—+Ri=¢&
i

where 7 is the current flowing in the circuit. Given £(t) = V, sinwt and i(0) = 1, find
the current as a function of time ¢.

- Ry w
\ L o ‘ R * — e
) = 1,€ + L ( wis RY (L Sin wi LUcon;t)) +




MtSJ’/oN / SoLvion

PRoBLEM |

(o)

1%

= xe) | = Jdlﬂ —.-.j(xu)zdx
N ey

(b.) exﬁ:zxj = ng —-f2xe dx

dx
— U dv

= Y =uv—-Svan = -TX e +Se . dx

fa 9+ = Anlx[+C
M+l = exp (/zn XH-C) = explc) exp(ntXI)

\0+‘ = t ecx /2 WH"l\a k-te ancl
nete f£= 0

4 =~l+&§]

(@) " dy = (g+1)ox]
Yy _fax o ‘
B»M 8 (e 5o = [

[—‘;w-xh |9+l = ;>'.<_ "'Cj

+ S > A !
! -—L‘ﬁ +9) (I cont fird eqlicit sol® Ao )

Y
-9 -1)
|

~




Pl condnved
©)  secgdy = x et dx|

29 - xdx = fmYdY = xorx dx

g,

ot Y Sec X

’% ,__S‘;"ﬂd‘*—:fxwxdx
Cos 4

Let W= @9 s dw = —dm9dy and =X -

AW = Yy - deq
w

——/6/\ /W/ = XJSinX ——féf'l;\)(/tb(
‘"‘XHICO{ "9/.[—; K('7"< + Cosy X T C m«//rn/o/llz/cfa/ﬂ

! = QXP(XS(}:X-FCOJX‘#C)
Bz

M 4o —X&NnX = cqr)iD

('() Sec'? :—ff + sin (x-Y) = Jin (X"“‘éi)/\
Sec Y dy = (Ji'n (x+Y) — &in ()(—-‘0})0()(

Secd dY = Q cos(x) sin (9)dX

J.__"l_?__._ —_:f’a\m;(x]dx = sia ‘9(019 — =faw\><)d;<

CosY £in Y cos ) sn*Y
A m
., - w= Cos Y
o = sin 9 dg — ~QsinX + C QAW'—:—-JIZ‘(My/
9«*‘?‘-&“ cos'9 (1-cos*9)
h! & .
_—dW :L+——«'—'———+f—1—4*)dm/== —26i X+ C
= Jw(z—-wl) - w o a(w) 2(w-l)

- ‘——,@n/w*ﬂ[ + LAl erd +l/*=},‘/‘n/c"f‘9‘// = "afw




Pl wnhnved

P

: X VAW 2 u=ex
(9) €+ e )gx = WJ
aw dx —_ _E_’i_éii___ = _.Qﬂ__._
S—-\I;I_I B Se"+ e L+ () L
~\ I : - - !
-—\'A'/" = don_ (W)t+C - W ’\‘b.n*‘(ex)'*’ CJ
(ProsLem Q)

(a.) dx _ ¢ w ilh T/y) = |
2 o (x*+1) x (") J

| dX o™
_ = ! — + C
Sx7'+( sq&g bl (x) = 449

when Y = Ty we hove X=
Mo € = toant(N-T = Ty - = A

(o o = v = 7]
/ ~ x = Tan (W — %Tﬂ:)

g = Ll v ) e

(b) y'+29=1 wih a0) = % |
2 pmop (o) 2™ inf it

2x
_Qt,'é'. X —
e £ 4 2e 9 =€

c/ (ezx \9} — e’ZX

ax




’PRDBLFM 3 ]

(“') = tan® (X +‘zJ)J = xX+Y
0‘“‘ _ s . Y
rd > O ax Ax =
.d.‘-‘-A—- — = “on (W = _Q{'_‘-L — 2
% | n*(u) rolli tan®(u) + |
Y g-U j&x = f = X + C
dant (W) +1 Sectu

= Jcos (w)du = f;[—(ww(za))aw = XtC

- ,2’_(u + —{—J‘fn (zu)) = X+ C

ax
_ 49 _ . dY = au
U\‘éx+s——->%x———o\x l -.%—I+M
u u
%;('=\+e
= d“:“r—”“‘u:dx
> Gp=e Ted 2




P4 Try 8= o K=V sebchisdin

(a’) ﬁ:%’x::,_%_:—‘——;_ﬂ_:_!—- for Y =uUXxX or u= 9/x
X YV +X 9/x + | U+
Nk 9 =Ux  gives %(‘9_—_—_ xi__')‘:,.}_ TR
du _ u-
X OX + w1
g w=t oy = Mo ~U(uH) _ u-l-u’-u :;{;_-_Lf
Xox’x— — u+l U+ W+l 1+U
J(H—u)cw ___/‘:_cp_g
[+u? X
dan™ (1) +EL,€n(/+MZ/ = —Anlx/*+ €
Chm“ (94) + zAall* 952) = —Anlxl +C//
: 3

2ar(Y) +ha(XH) = C

(X* +XY _y?|dx + X9dY = o)\ &)

dx = 94dv + vd%
—%—dl/ ’ﬂlu//
v

(b.)
Lety trg X= V& Fhom

and Y = 5 I dy = Ldx -~

sz +xY —9*
Letl ‘(’ra .rumun\ffb elce.

)(‘M\H—VM) + xy (v X -—-z-l‘zdv) =0
Divids ) by X,

Nope.

(V4 Y — 9/]dx (Y )iy = ©
Oc,

SRR = 7/ S T e 49

™~ Y/x i pet
bekder we W = Ik ougo-iry, vy % = XM @

L = L +|-Ww
X = +u e j " :féi&
Lo —2u pa /2




!P ‘// wn finaed
_ u _ A @

1 I ]
Jorl -2y | +U — 2u? (1 =u )l +24) LU 1+2U
W

G = ALez0) * B (1-u)

W=\ | = 3A - A= 1/3
J +‘+|):.Q_ ., 8= "3,
\A‘::—\/'L ‘-—_z—: B ( ’?: 2 e g—
|
- = ST ey
S 3 (t-u
+]—-2uU (t-u) o st pane.

v
/
du___ 'f(’ p—. )ow:f%i
5” - 3 li-u | + U

Losl-2uU
u
:3‘.)&,\(1%[ — "ZL“OM[ I+ u| = Jnlxl + ¢

s
—

22] = fulx] + C
E-;;'/(n/l-‘ ?@(l" ZL”Q"“"' x[ /e"wj

_ believe Lhiy

afir Soone “1300 , T Gasror y
L Y4+x = kxPe ™

Sim f/l?fﬁl




FROGLEM S] If the ﬂgf 2 exact (hem JSufve viL "/ﬁefwi»{
Zex/a/a.m wf\u‘, Hl ﬁ:um DEg? s Nt ef,wwf

(a.) (‘&x%‘— 3)dx + (2% x" +4)d3 = O (%)
\——V—-/ M e
M N
(D%M — L‘lx’é, = OXN So  the DE,(],Q s exact,

F = axz-3 = F =x3-3x+C (%)

X
F = 23X +Y ——>2x3+dq—-23x +Y4 D (=93

22
[_ (X %} (’/%—; ‘{} j Joluhrea /'D*

(6.) (29 - L+ ws () 8 + 9 -4 3y 5nBN = O

p——

(,‘93.. ux® + 3Y Sin (3x))dx + (29 — ;L— +Cox(?)<))d‘9 =

L/_\(—‘—/)
M N

'a\aN\ — ';(L'+3S|n(3X)
QUJVL#QXN = X4 nit o

Thwy

3 3 2 =0
(c) (07 +¢ )46 + 3847 dp
M N
2 v L uu/a( : M va
= = 99 N > %‘AUJWN‘.],/Q( oue NTMMM o,

exodrg | '3(5.(\/\. = 36
Vo d (20" +0F )= MONAE =0 S

e 0b "%D‘.;V\. .('u‘d'h\d.r\ __@i_‘i 3 jpoany
v + 863 C




PS Um7fhua/

(d.) (e‘é + 2xY mhx}a%% + X‘gz.r/;'/w)( +ylw,/\x =0

(x9"smh X £ ytadx Jix + (€7 +2xp ahx Jay = 0
" — N

SN N
= 2XY dinh X + 2¢ corh
r()x N = 29 whX + XY Crnh X —r——_ -
C,[docwﬂ (,0/1.6/1.7170#1
satifred - €KX

T4 i codier b intesrnli 2E = N

o 9F - e%—/— 2X Y corh X

/

2%
= F (xv) =39 + x‘ﬂlCAfh()() + C, (x)
/n'\.uv\ .%);(E = gzw;,x +XVZJ/;1AX+A§I§F = WW/‘X 'f‘X‘ﬁz:f/;wAX
My € = wnstrnd o0 C%C.Cl —0. Um !Lfbtcn/@/ Salvfrea :b
(;” + x9 whtx) =C |
) f 1,1 - X o\x+(fe“f+ - )oLf:Oxg
X x" xz.f_i-" “ xz‘f‘/tl
—_—— T —
M N
9, M = 3’“[ = J et a2
A At Xl'l' 7{"’ (Xz“"*z)t sz_/_/,{_f/z
_ 2 X _ xMAT - ext AZ2-Xx*
DXN K [XZ+ ;t"} QCZ"‘f(")z - (Xz'f'fz/z

App lkf(,rv’]l//a E ir exad, She clored cond 1P

-

D;tm = Uy N\ sodichred. So e gulve N /2




(e) F — 73 A
.5__.. g 7{‘@ + X2 + A2
Y o tu _ t
Jitek‘& = uv»fVaW = Ae /e ot ,M,
(V.4 O\\/ W:k/g(
X ot / x ot Nl X dW /
Xk o XA = = = dan W)+ C

Vome, Flt) = At et e () + 60

E_ o o= 4L+ L A
Phan we  dle roed %{ =M = T T e
(;\Y&im which we UL‘;‘J
de, _ L 4L <, c,:i.;-jn/)\‘l
AX x X X

s f ol k€T3

E?j ;] = =C )

‘.M.,_-‘_,‘_«,._———-—‘—"—“v’—' —
F ol dF =Mde +NHY

w F (x(;‘r) = (C Sy
Mox +Ndy =0




[&?oeLem 67 Cen Fype of /hr‘c&ﬁﬂ}’/ fctve T pod T
[w/\.‘m rohs, TMdx + INdy =0 exact. Then rive A,

) Y (x +Y 1) M (X+29)dy=0  TI=c¢

(a.
| \9(x+\o+l) eA"xc)Lx + ,(X+2‘7)je’°"<a(‘(9 =0
M N
A
IR (x+~o+1+t{))eAK = (1+2y+x)e" ? ’
24 =
A —_—
N~ (1 + A (x+29))e?* = (1+ 249 + Ax)e™
2X
Con {7 Aun e

(xy +9%+y)e”dx + (x r29)e”dy = 0

> Fxv=((xg+ ¥ e = ¢

Yo, can chech, dF = (%ex+xvex+%zex)dx+(x+z3)e"0¢%9_

AL
) % (ixy®s 3)dx ~x(2x9°+7]dd =0 , I =79 ]

Wh® (4xy b 4 39)x ~ X79% (2xP g’ Fx) I = O
(leﬁﬂlée%_(_ 3XA\66H)M _ (mez «39*5 —l-:?xﬁﬂ ‘9@)&9 ~ 0
N

W —~—~ —
N\ N
oM -y (e.+s)><'°‘ﬂ ‘0@4_5 + 38+)x"° ff(ws) = —zmm
2% 3(8+) =-F(A
v - —2 (A*2) XAﬂ \96*—5‘7’ 2 (A4) XAve ) =-F +1)J
2K Y
A\f! oz revecdo X %ﬁw A= A amd 8=-3
-2 o 2t Y3, 2,34¢ 2
(3P + 3x 7 Jox = (2x747+ Fx7y )49 = o
\_____\‘/_—————J ~ -~ R

2F 2€
o C

F (xv) 2@{%’-1‘* Xg‘é)—? = C;J

v




E?ﬂomem Z]

(a.) 5{)—? +3x9 = XZ]
I—:expf?xz"b‘ =e”

x?

3 x3 2
ex%?+?xze Yy = X €

3 3 3
3 — 2z X = X g f Zex Ob(
4 (o ?) xZe > ey X

I

3 LK l-+ce-x37
exgz?e + C - 1Y =3

d9 2 =3 = Yo
. 2
L= exp(f %‘%):‘-e)(p(Z/en/X/} _Ol_( X29/ = X
=exp(ln/></z/ ax . 3
= x? XY =X +C

@ix + C/x? J

_ v
> T = €exp (Sﬂ;?s): exp(‘/,lanl) =X

Y = x3-
(c.) x&_+‘~(‘3 % J

o
M 3 Ly = x|

> X
49, 4x7y = xt (K5
X' 0d +
o q
4 (x'9) = x"—%
dx P LS,
= XV‘Q”"?X'SX_F
TN
- - %—?X 5 X




(4) cs*x sinx d9 + (9 w’x —1)dx = O

CoSzXJ'fnx% o+ 0953(7()9 = |

A e o
T = exp X) dX ne not- M rocd P o1s &

/
co§ix sin X

s Cod (x) —
=t g 9

I = exp ( ﬁ: ol)(/ =E)<{)/zln/.flb)</) = /.r[nx/

[ = sec?X
Cosix

n g‘_%-l'c,ox.“g -
(sinx) 57+ CoX]

f . z
( $in (%) ‘9») = fecix @ Jin(x) ¥ = chc Xdx
finix) 9 = Tan(x) +C

y = +on (x) +C
Sen X

d
dx

+ ¢ csclx)

, r — _
(e.) f{l—g*’”eﬂ@ C@SQJ (tg = Sec(x)

j[ = QXP(SI‘e(_S&Q) - e&{_) (,lefecé-f—hu\ 9)) ::/ICLQ +—fa/\,¢9/
= (ﬁ(@—f—ﬁn&/ s ¢

(fecl +ha0 ) 25 + (sec’0 * secOfn8) O =

o

_fi((:ec@ +fzm<9)r) = [+ Sinf

do
(gcce + ) = S(H—m\s)i@ = @ — s O+C

g—-r@® +C
Sec & + 40

|




| =2 ( ’ . __L_
()ﬁ?“?zexgz w=19 "= o 9 = w
m W o s dY _ =Y dw - _yrdw
Gw= | e ZWH = x - wax 9
2 AW = ety — aw , L. = -~ >
-9 x -9 = dx
x xo\,W XV\/ F— ._-ezx
W W =-e = M te
2X
d (fw) = ~€
K C ) \ezx+c
W = =
I
x - =
\f\/::-%—: ’Zle + C€ -~ ‘é CGX—‘eX/aJ
n =Yy
(b) 3(’1._)(2)_2._'2)(‘9(%"[& }_‘
— Y 2X 20
d9 2xg (9-]) = — £+ '3(1+><’)L:;L 3(1+x%) ¢

2 J / dw
.y _
:\Lf’: 3 = Fwwh dax
~Y/3
"V3 22X W
-Y 4 —_
W /337(“'/ T 3 (x?) v 3(1+x7)
—_2X
dw _ 2x_w o= 222 I =°’S°(f’t+x')
;\,—-X, H—Xz [+X = exp («-ln (l"‘xz}) = I+Xl
] AW X W = :__2_—)5—-—7_
e Jax T (Y (14x?)
(w »zxabc - l

t+x (exy ~ 1+XT

d | S —wl= ___Zﬁ_.:
d;([wx‘ ] (14x?) /
W.—:1+C(/+x)“9—“ H_C(,,LXZ/




[Pﬂoecem 2] Ricadty Ey

X

—————

Z ——
(a) % = ax* ¢ Y —297 Y =X

y=X+b(

2
z L -2 (X +4
d%:,+d‘4:2x+x(><+0l) ( )

X

| +

X

A = 2x* +
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Problem 23 Plot solution curves for the direction field of % = -1_—z§_—y5 given below and explain
what is happening at the unit-circle for the solutions. Try it out in the pplane to check
your hand-drawn answers here ( maybe starting with a pencil lightly then tracing over

~ with pen once you're sure would be wise here )

Remark: I used https://aeb019.hosted.uark.edu/pplane.html to generate the direc-
tion field above.

Problem 24 Angular momentum of a body moving in some plane is given by L = mr2% where
7,8 serve as polar coordinates in the plane of motion. Assume the coordinates of the
body are (ry,6;) at t = t; and (rp,0;) at t = t; where ¢t; < t. If L is constant
then show that the area swept out by r is A = L(t; — ¢t1)/2m. When the sun is
taken to be at the origin and m represents a planet’s mass then this proves Kepler’s
second law of planetary motion: the radius vector joining the sun sweeps out equal
areas for equal intervals of time. Bonus: prove L is constant in the context of
the sun-planet system, you may assume My, >> Mpanet. See Physics 231
for further relevant definitions.
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