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2.1

2.2

CHAPTER 2
NEWTONIAN MECHANICS:
RECTILINEAR MOTION OF A PARTICLE

(a) _L (F +ct)

xj (F +ot)dt="ot+ ¢
m 2m

X = j(—t —t )dt=it2+it3
m 6m
(b) %=sinct
m

X = J—smctdt —icosct| I:(1—cosct)
cm cm

X:J — 1—cosct)dt:i 1—lsinct
ocm cm C

F
(c) x=—e
m

S Ox dx dx dx
@ X=—=——=Xx—
dt dx dt dx
%:l(F +CX)
dx m

xdx = l(F +cx) dx
m



2.3

2.4

2.5

Xdx = 1 Fe “dx

m
1 .2 F —CX Fo —CX
= —1)=—(1-
2X cm(e ) cm( ¢ )
1
2F 2
— o 1_ —CX
" [cm( )}
dx 1
cox X _1
(c) X de m( - COSCX)
Xdx = 5cos cx dx
m
1., F .
—X° =—=sincx
2 cm

2

1
C(2F )
X=| —SINnCX
cm
CX

(a) V(x):—J':(FO +cx)dx:—Fox—T+C

(b) V(x)= —.[: Fe “dx = ie“:X +C

c
(c) V(x):—LX Focoscxdx:—%sincx+C
_adv(x) il
(a) F(X)—— dx = —kx 05 E T T
x 0.4 T
V(x):J' kxdx:ikx2 )
X 2 TANE.
O T =TV 00 N
T(X)=T.=V(x)==k(A=x oo
(=T -V (x)=2k(A-x)
©) E=To=%kA2
(d) turning points @ T(x,)—>0 ..x =%A
3 M 3
@) F(x)—kx+% S0 V(x):jo(kx—%]dx:%kxz—%%

1 1 kx*
b) T(X)=T. -V (X)=T -k« +=—
(b) T(x)=T.-V(x)=T, > x+4A2

() E=T,



(d) V(x) has maximum at |F(x,) —0

4 A 4
If E <V (X,) turning points exist.
Turning points @ T (x,) — 0 let u=x

2
E—lku+£kL2=0
2 4 A

solving for u, we obtain

\_

Tix]

\_

0.1
or
1
4E ) |° D0
XlziA|:1— (1—Wj}
2
(04 a . (04
2.6 x:v(x)—; x:_?)(:_7
ma’
F(x)=mx=-— "
27
= /N F >Mgsiné
8
Mg

2.8 F :mX:mX%

X
X =hx>
ax =—3bx™
dx

F= m(bx‘3)(—3bx4‘)
F =-3mb*x”’

RS

0.25 T
!
u=A’ 1i(1_£j2 R v
kA? B/ | |
IX
0

P



2.9

(a) V =mgx= (145kg) 1250ft (3048 j 541

(b) Tzlmvzzlmvf:lm mg|_1 m'g -
2 T2 2 \c, ) 2.22D

(.145kg )’ (9.8”2]
T= > _g7J

(2)(:22)[(2)(0366) ] ¢

m

3
t
(c) '[ Fdx = _[ —cvidx =—c j vidt=—c I [—vt tanh (;D dt
= cvta{—ltanh2 (lj-f- jtanh l)d (lﬂ
2 T T T
= cvf{—ltanh2 (lj +Incosh (lﬂ
2 T T

Now tanhz(l]zl for t>>r
T
Meanwhile x :Ivdt :j(—vt tanh (ljjdt =V,7Incosh (lj
T T

In cosh (Lj _ X
T) VT

- (1250 ft){.3048%j —381m

1

2

L (145kg)( ";)
_(mj: <) —aanl

"= c, ki S
(22)(.0732)" 2
. 2
r:(ﬂ]z _ (:145kg) —3.5435
C,9

(22)(.0732) 9 (9 g™ J

[ Fdx=(.22)(.0732)" (34.72)° (3.543)[—.5+L} = 454]

(34.72)(3.54)
V —T =541] —87J) =454]

2.10 Goingup: F, =-mgsin30° — xmg cos 30



% = —g(sin30° +0.1c0s30°) = ~5.749-1
S
V=V +at

at the highest point v=0 so t, = Y 0.174v,s
a

Xy = V.t +%at5p =0.174v.* —.087v.° =0.087v.’m

Going down: x, =0.087v.*, v, =0, a'=-9.8(0.5-0.0866)

X, =0=0087v - 240513t
2

t,, =0.207v.s
Lol = bup T Lgown = 0-381V, s
_dv_dv dx dv :

_ V2

211

C
Tdt dxdt A m

1

- c
V 2dv =——dXx
m

1
v o — Xmax C
I v Zdv:J- ——dx
v, 0 m
L c
—2v,2 = _axmax
1
2mv 2
C

max

2.12 Goingup: F =-mg-c,v’

2

a=V%:—g—kv2, K=Lle
X m
v ovdv x . _
.[V —g—kv? = J.O dx (Letting x,=0 ... starting from ground)
1 2
g+kv’ o
g+kv?



2.13

2.14

Going down: F, =-mg+c,v’

dv
V— =—g +kv?
dx g

v vd x
'[0 —gv+\:<v2 - -[0 dx

2—1kln(—g+kv2)‘ — X=X

\
0

1_£V2 — ekae—kao
g
V2 = g — (g e*ZkXo je2kx
k \k
g
At the top V= 0 SO e_2kxmax — k
9.y

o

=~

Coming down X, = X, and at the bottom x=0

k k
v=— =, V, = %: mg
(vtervf)2 C,
=Vﬂ=—£ -2
dx m
v x  kdx
_[vd :-[b_mxz




Since x<b, say —=sin’@

o | %<

3
1
32
t= mb T
8k

215 mYY—mg —CcV—CcV°

dt
tﬂ_ v dv
om Jomg-cv-cV’
—_— 2 —_—
Using J- dx 1 0 2cx+b—+/b” —4ac

= |
a+bx+cx®  b?—4ac  2cx+b++b’ —4ac

t_ 1 i ~25V =G —/c,” +4mgc,
m Jc’+4mge, —2c,v—c, +4/c” +4mgc,

0

(cl2 +4mgc, )5 =In

E _ 1
‘. mb® ZIO sing(2singcosgdg) _( 2mp? Zj'oﬂsinzede
2k - cosé k -

! (202v+cl+«/c12+4mgc2)( \/clz+4mgcz)

t
m 2C,V+C, —+/C,° +4mgcz)(

as t—o, 2C,V, +¢, —+/c > +4mgc, =0

C “ m :
2¢, 2c, C,

Alternatively, when v=v,,

dv
mE:O:mg—clvt —C,V,

> T
ve_S (| & | M9
Yo2c, |2, c,

2

2.16 Cl=(1-55><10“‘)(10'2)=1.55><1o—6k?g

¢, =(0.22)(10°%) = 2.2><10-5k?g

C,—
C +

\Jc,” +4mgc, )



L

1.55x10° 155x10° ) (107)(9.8) [’

Vi=— =t - | + —
2x2.2x10 2x2.2x10 2.2x10

v, =0.179
S

mg ]2 _ [a07)(e8)

Using Equation 2.4.10 ... v, :( .
2

2.17 mﬂ: mvﬂ: f(x)g(v)

dt dx
mvdv
=f dx
3 (v) (x)
: . dx
By integration, get v = v(x) = m

If F(xt)=f(x)g(t):

d?x d (dx

m—-=m—| — [=f(x)g(t
dt? dt(dtj (x)a()

This cannot, in general, be solved by integration.

I E(v,0)= T (v)g(t):
m = (v)g(t)

dt
mdv
=g(t)dt
Integration gives v =v(t)

dx
—=v(t
=)
dx =v(t)dt

A second integration gives x = x(t)
218 F=kxv= mﬂ
dt
m dv dv
= — = m—
v dt dx
Ikxdx :Imdv

kx

2
kx—zmv+C
2

Atx=0,t=0 V=V, C=-my,



2.19

2.20

x? dx
K—+mv,=m—
2

dt
dx dx k
dt = = where A?2=v B?=—
J. J‘kx2/2m+v0 -[A2+Bzx2 ° 2m
t:itan‘lgx
AB A
Solving ...
1 1
X :(vao )2 tan (ﬁ)zt
k 2m
F(x)=—Ae”=mx or F(v)=—Ae™=mv d(x = —Adt
e m
Let u=e” du=aedv dv:d—livzd—u .'.d—g:—a—Adt
ae au u m
Integrating
11 =éat and substituting e” =u
u u m
@) v=vo—iln{1+ée‘”°at}
a m
(b) t=T@v=0
av, =1In {1+Ae‘”"0ﬂ}
m
e™ =1+—e™qT =£[1 e |
m aA
(© vﬂ:v:—ée”‘v ng:—édx
dx m e m
again, let u=e” du=qudv or dv:d—u v=ilnu
au a
[1 }du
—Inu |[— A
La  Jal_ Py Integrating and solving
u m
X = T [1—(1+avc)e*””°]
o
d(mv
F= (d ):mv+vm:mg Hu
1 *_H



but m= po%ﬂ'r?’ m = pzrv

so (1) %7zpol’3v+7r,olrzv2 =%7z2 =ﬂ7zpor3g

3
Now 2 ~10° so, second term is negligible-small
P.
hence v~g and |v=gt| speed oct but
M= p 4nr’t = p ar’v or VLY Hence|r 1o gt| and rate of
4 p. 4 p.
growth oct
The exact differential equation from (1) above is:
12
ﬂmr 0.y +7p; ot =£7rporg
3 P P 3
22
which reduces to: +L =P g
r 4p,

Using Mathcad, solve the above non-linear d.e. letting
2210 and R, ~0.01mm (small raindrop). Graphs

P
show that
voc Foct and roct?
Radiuz vz Time R ate of Growth vz Time
20 I 4 I
E w
E I
£ 10 — S 2 -
=
o =
=
1] ] 1] |
0 5 10 0 5 10

Time(s] Time [s]



CHAPTER 3
OSCILLATIONS

X =0.002sin| 27 (5125 ™)t | [m]
. (o.ooz)(zﬂ(mz)[ﬂ ~6.43 E}
=(0.002)(27)" (512)° L } 2.07x 10‘{S }

x=0.1sinwt [m] Xx=0.1w, cosmt [m}
S

Whent=0,x=0 and x=0.5 [m} =0.1w,
S

o =55 T=2—”=1.26s
a)o

X .
X(t)=x coswt+—sinwt and o, =27 f
@,

x = 0.25c0s(207t)+0.00159sin (207t )[m]

cos(a— ) =cosa cos B +sinasin 4
x=Acos(wt—¢)=Acospcoswt+Asingsinmt
Xx=Acoswt+Bsinot, A=Acos¢g, B=Asing

Lo v Lie =L L
2 2 2 2

k(xf—xj):m(xzz—xf)
1

%kAZ—%le%—kxf
242 22
Az_ 2+ 2_X1X1_X2X1 2
BTN
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