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CHAPTER 1
FUNDAMENTAL CONCEPTS: VECTORS

1.1 (@) A+B=(+)+(+k)=i+2j+k
]
|/‘1+1§|=(1+4+1)2=ﬁ
(b) 34-2B=3(+))-2(j+k)=3i+j—2k

(c) A-B=)0)+()(1)+(0)1)=1

k
Of=i(1-0)+ j(O-1)+k(1=0)=i—j+k
1

|dx Bl=(+1+1)° =3
1.2 (a) 21-(1}+é)=(2i+j).(f+4]+/£)=(2)(1)+(|)(4)+(0)(1)= 6

(A+B)-C=(3i+j+k)-4] = (3)0)+ (1)@ +(1)(0) =4
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A-B _ (a)@) +(2a)(2a) + (0)3a) _ 54°

1.3 cos@ =
AB Jsa2 J14a? a5\
6 =cos™ iz53°
14
1.4
(a) A=i+ j+k :body diagonal
. A=|A-A=\i-i+] jrk-k=3
T . (b) B=i+j : face diagonal
blidf-
I 1
| o o
):/ R i j k
______ & - -
. (c) C=AxB=[l 1 I
' 11 0
4 1} -1
(d) cosé?— =0 -0=90
N
1.5
[ B=|§l=|ﬂx6‘|=ACsinO .‘.Cy=CsinO=£
A
A-C=ACcosf=u .'.Cx:Ccosé?zi
BxA A
— p) Tt
A 08 _ A R. 4 _ i
~ C=iCX ?xiicy u Bxll(ﬁ)
c A \B ¥l A 4B \ 4
=X i+ Bxa
A A
di .d d - d N N
1.6 —=i—\at)+ j—| [t k—yt' )=ia+ j20Bt+k3yt-
i ) J (B RS < 21 Ry
d’ A

— = j2+k6yr



1.7 0=4-B=(q)(q)+(3)(-9)+(1)(2)=¢* -3¢ +2

(q—2)(q— )=0, g=1or2

1.8 |A+B =(A+B)-(4+B)=4+B+24-B

HE{ﬁBH2=AZ+B?+2AB
Since A-B = ABcosf < AB, I/_1+E"S’;1|+|E|

|2+ B
I8l

ry
|;1 . BI =|4Bcosd|= |?1”1§||cost9] S‘B”BI

.ﬁ Bcos@ < B
L R
BcosB
1.9 Show Ex(l?xC")=(;4‘C—')B—(z_4-§)C'
i j ok
or Ax|B, B, B.|=(AC, +A4,C,+A4.C)B—(AB +AB, +A4B)C
c. C, C

=(AB,C.+ABC,+A,BC.-A4BC -ABC -A4BC,)i
+( AxBth + A_YB_\'C)' + A:B)'Cz - A.erCy - AyByCv - AzB:C)' )j

+(A4,B.C,+ 4,B.C,+ A.B.C.- AB,C.—- 4 B,C.- 4,B.C, )k

(4,8,C,+A4.BC.-4,B,C, - ABC,)i
=+(4,B,C,+A4,B,C,-A4,BC,-4.B.C,)]

a

+(4,B.C,+4,B.C,~ABC,— ABLC,)k



; ; h i(4,B,C,~A,B,C,—4.B.C, +A.BC,)
A A, A, =+j(4,8,C.-4,BC, -4 B,C,+A4B,.C,)
B)'C: - BzC}, BzC\' - BxC: B_er - Bny +kA ( A,rBsz p— ‘4xBxC: — AyByC: + fI)-B:Cr )

1.10
> 8 y=Asinf
A=2(%xy\J+_v(B—.\')=xy+_vB—xy=ABsinO
A=|dxB|
1.11
i j k| |4 4 4| |[B B B
A-(BxC)=4-\B, B, B,|=|B. B, Bf=-|4, A4, A|=-B(4xC)
c, C, Cf [ C C, C, ., C
1.12

Let 4 = (Ax,Ay.Az), B =(0.By.0) and C =(0.Cy,Cz)
C, is the perpendicular distance between the plane A . B and its opposite. # =BxC is

directed along the x-axis since the vectors B C are in the y.z plane. u, =|§x Cl =B,C,

is the area of the parallelogram formed by the vectors B . C. Multiply that area times the
height of plane 4 . B = A, to get the volume of the parallopiped

V=Au, =48, sz;io(b’xC)



1.13  For rotation about the z axis:

o~f

]
[-i'=cosg=j-J. k-k'=1
i-j'==-sing
<

J-i=sing

For rotation about the y’ axis:

cos@ 0 -sin@)( cosg sing O costlcos¢p cosfsing —sind

T=| 0 | 0 -sing cos¢g O|=| -sing cos¢ 0
sinf 0 cosf 0 0 1 sinfcosg sinfsing cosé
1.14
1y A l -
i i =cos30 _Y3 Joi=sn30" =~ k-i'=0
2 2
Y . 3 .
i-j =-sin30"=- J-J =cos30 =£ k-j=0
e Fok =0 k-k'=1
(V3] r 7
— =0 3+
y 2 2 5
§ 1 V3 113
A ]=|-= X2 ofl 3 |=|2V3-1
A} 2 2 | 2
o o0 1|t -1
J - -

A=3.232"+1.598 ' -k’



1.15 1 Rotate thru ¢ about z-axis p=45 R,
2. Rotate thru @ about x’-axis 0=45 R,
3. Rotate thru  about z'-axis v =45 R,
3,z 2
AN 2y
\\\85/q .1/
L y
e R 1oy
P L V2 2
* x I
R=|-— — 0
C|ITE T
0 0 1
]
L
1 0 0 2 2
1 1 1 1
R,=|0 ——= —| R =\-—f%= —&—= 0
’ V22 Y| 2 2
0 0
0o - L '
2 V2
1 1 1 1 1
—_—— —,—— _.+___ —_
2 22 2 2 2 .
1 1 1 I 1
R(w.0.0)=R R,R,=| ————F—= —-=—+—= — |or|0|=R(p.0
! L /
2 2 J2
1 a
Condition is: X' = RX where ¥'=[0| and X=|p
0 Y
Since ¥-¥=1 we have: y + g +a’ =1
After a lot of algebra: a—l—£ =l [12— =1
2 4 2
1.16 v r =cit
T it S
a=vi+—n=cr+ n
P b



b _ . - ..
at1=\/:. v=7\Jbec and a=cr+cn

c
c059=v'a= cVbe =_l_

va  Jped20¢ 2
0 =45

1.17  ¥(¢)=—ibwsin(wr)+ j2bw cos(wt)
|
|\7| = (bza)2 sin’ of + 4b’@? cos’ a)t)E = b(u(l +3cos’ (01)3
(1) =-ibow’ coswt - j2bew’ sin wr
|
|E1| = b’ (l +3sin’ a)t)5

at =0, [}|=2bw; at =X 7| = b
2w

1.18  ¥(1)=ibwcoswt - jbwsin wi + k2ct

a(t)=-ibe’ sinwt ~ jbew’ cos i + k2c
1 ) l
|a| = (b:a)4 sin’ @f +b’w’ cos® wi +4c” ) = (b’ +4c° )3

1.19 ¥ =ré +r0é, =bke"é, +bce''c,
a=(F-r0%)é, +(r0 +2/0)é, = b(k> - c*)e"é, + 2bcke" s,
cosg ¥ _ bk(K* =’ )e™ +26°Cke™™ |
va 1 2 3
be" (k2 +c? )3 bhe" [(kz -t ) + 4('2/\'2]2
k k2 2
cos¢ = ( ]+c ) = k -, aconstant

(k2 +cz)5 (k2 +cz) (k2 +c2)5

120 a=(R-Re)é, +(2Rp+Rp)é, +7e,
a=-bw é, +2cé.

|a| = (bza)4 +4¢? )%



1.21

1.22

1.23

Trajectory: k=1

INENE: oo
% PINE
[ I N B S B S B

12345678830 .

L1 ¢ % 41 2 ) 1t

° o

v=e¢r+ergsin@+erd
r é [

¥ = ¢,bwsin {%[1 +%cos(4a)i)]} —éeb—;r— wsin(dwr)

v =¢,bw cos [% cos (4a)t)} - éoba)%sin (4er)

’ 3
|V| = b(o[cos2 (%cos 4(01) + % sin’ 4(01]

Path is sinusoidal oscillation about the equator.



1.24

> 22 (.2 2\3
@’ =al+a. so a,=(a’-d’)

1.26

1.27

‘_‘;[ 7 (axa)]=£t'-(fxa)+’-%(‘—x‘—) ]
=5 (vxa)+F [(%"5}(‘”%)]
=0+F-[0+(_”“;’)]

{7 -(vxa))=r-(vxd)

v=vf and a=al+a,n

v-a

. _-b’@’coswi-sinwt+b’w’ sinwi -cos wl + 4c’t
For 1.14. a, = l

b “ 2 2 i . bl ey
(b'a)‘ cos’ wt +b*w? sin® wt + 4t )2

2

dc’t

a, =

I
(P’ +4c7r )
|
4.2 5
(In = bza)z ""46’2 —Tl-gﬁt—r"
b'w™ +4ct”
k(i =ct)e™ +2b°cke®™ 1
For .15, a, = ( ) l = bke" (k2 +02)2

be‘"(k2 +c2)5

a, =[P (K4 ) —b (k46 [ =beet (4 )



1.28
P

A

!

&

7, =ibsin@+ jbcosd
v, =ibOcost — jhOsin0
a, = fb(écos() -0 sin())—]b(ésinéH 0’ cos())

w

at the point @ = 5 v, =—v
So, I"m' =h0=v
. v .. ", d
9 =— 0 = —_— ="
b b b
\’2 v?
Now, (7,(,, = \",e,f +— = uuz: +—n
P
1
4\3
- 2 1Y -
|an,,| =14, +—
b..
{;P = ry + {;rel ilnd ap = (7“ + (7,.‘,/

a,=i|a +b &COSH—V—,SinQ ~jb &sin{)+¥c059
b b b b

)

vioo2W? 2
|ap|=a,| 2+2¢c0s0 +——-—sin 6]

ab ab
d, is a maximum at @ = 0. i.e.. at the top of the wheel.

—2sin9—£0050 =(
ab

0 =tan™ (—v—)
ab

x -x 0Yx x 0 220 0
129 RR=|x x of-x x o|=| 0 22 0| Thercfore. xz%
o 0 i)lo o 1) lo o 1 2

The transformation represents a rotation of 45° about the z-axis (see Example 1.8.2)

10



1.30

(a) a=fc059+}'sin&
2 b=l:cosgo+}sin(p
g b a'b=cos(9—(p)=(l:cos()+]sin9)-(1:cos¢+j’sinqo)
Y @

cos(0 - @) =cos@cosp+sindsing

(b) bxa =|I;'|sin(0—g0) =i(l:cos()+]’sin&)x(icosw-kjsin go)l
sin(#—¢)=sinfcosp—cosfsing




2.1

2.2

(b)

(¢) X

(a)

CHAPTER 2
NEWTONIAN MECHANICS:
RECTILINEAR MOTION OF A PARTICLE

N R
¥=—(F +cr)
m
. 1 F c
,\r=.E——(F“+ct)a’t=—“t+—1‘2
m m 2m
F c c
\=f —t+—1t" |dt=—=t +—1"
"\m 2m m om
Y¥=—sinct
m

X= fisinctdt :—-—FLcosct' :i(l—cosct)

bm cm O oem
F F l .
x:J‘;(l—cosct)clt=;(1——51n(:1)
em cm C
Fo
X=—¢
m
F Y
.\::'_(L’” _ 3 (e”—l)
cm 'Y cm
Fil ., 1 F
.\'=—"(—c"———tj= 7 (ec'—l—cf)
cm\ ¢ c cm
(di_dt dv_ di
T oodr dx odr T odx
v
,i-éz—(ﬁ +cx)
dcx m
R P
Xdi = —(F +cx)dx
m

l,i-" = i F:x+£
2 m 2

i= [i(zﬁ; +cx)J_;

m

dv |

(b) ¥x=x—=—Fe¢"

dx m



2.4

©) i

(a)
(b)

(©)

(a)

(b)

(c)
(d)

(a)

Xdx = S Fe “dx
m

.%:[E(l—e”)]%

cm
do 1
x:x—=—(Ecosax‘)
X m

.. F
xdx = —coscxdx
m

1

— X" =—=sincy
2 cm

|
2F . 2
xX=|—=sicx
cm

V(x)= —I:(Fﬂ +ex)dy = —E.\'—%+C
¥ - }{ -cx
V(x):-j Fevde=—e"+C
a9 (,.

Vix)=- r F coscxdx = —£:’sin cx+C

F(x)=- dr" = —hx

V(x)= [hede= ke
T =T(x)+V (x)

P()=T -V () =Lk (1)

E=T =t
2
trning points @ T (x,) > 0

0.5

0.6

0.4

0.2f

1, 1k
b) T(x)=7T -V(x)=T ——kx" +—
( ) (r) © (r) @ 2 X 4 /Ih

(c) E=T



2.6

2.7

2.8

2.9

(d) ¥(x) has maximum at |F(xm )I -0

3

ke,

kv, ——5=0 x, =+4
A
s
V(.x-m)zlkAz—lkA2 L
2 4.4* 4

If E<V(x,) tumning points exist.

Turning points @ T (x,) =0 let u=x,’
E—lku +l ku,' =0
2 4 A

g

solving for u, we obtain
0.25

u=A’ li(l— >
kA-

|
> T(x)
5 =i-A{l— (1—:752” 00

a a a
t=v(x)=— V=—-—i=-—
X X X
2
F(x)=mi=- mc:
E
F /N
™~ F2>Mgsin@
3]
v
Mg

. . L dx
F=m¥=mx—
dx

i=bx"?
dx

= =_3px°*
X

F=m (bx'3 )(—3bx"4 )
F ==3mb’x”’

(@) V=mgx= (.145@)(9.8%’)(1250 ﬁ)(
s

|
4E )? 0.2- Vix)

NN

m

.3048—] =541J
St




(b) T:l)nyzzl,nvl'?:i’n E =l m‘gj
2 2 2\, | 2.22D°

m

(.l45kg)2(9.8—,

u ) —=87J
(2)(-22)[(2)(-0366) ] ,f

3
I Fdx = J‘—cvzdx =—c J‘VBdt =—c J(—v, tanh (L]J dt
T
= ct’,lrli—l tanh’ (L) + Itanh (i) d(iJ]
2 T T T
=cv'r [— 1 tanh’ (L] + In cosh (i ]]
2 T T

N .
Now tanh‘(—]zl for 1«1
T

Mcanwhile x= _[vdl = j.(—v, tanhLLJJdt =v,rlncosh [Lj
T T

! X
Incosh| — | =
T VT

x= (1250/?)(.3048%] =381m

T=

[

! (.145kg)(9.81§J
7 =(£) = 2| =3472"
€ (22)(.0732)° & s

m

i
2 145k
r:( ’"] = ( f) = 3.543s
“8/ | (22)(.0732) —g(9.8@)
It S
[ Fdx = (.22)(.0732)’ (34.72)’ (3.543)| -5 w38l | 4say
(34.72)(3.54)

V—-T=541J -87J =454

F | F
2,10 For 0<r<y: v="21, x=—-2F
m 2m
F, E
For ¢ <¢<21: v, =—1¢, ,\;=—°t,2, 1, =1

m 2m



F

°

2 F 2 2
x=——4{+£140—4)+l_i1@—4y

2m m 2 m
F F F 5F
At [=2tl; x=_°tI2 _utlz _0|2= 3112
2m m m 2m
av  dv dx dv c 3
211 g=—=—-"T=ypy.— =11
dar  dx dt dx m
|
-3 c
v ldv=——dx
m
ol o
f v Sdv= L ——dx
v m
1 c
_2v“2 = __xm:u
m ‘
1
) 2my,>
_\max =
c

2.12  Going up: F, =-mgsin30° — umgcos30°

§=-g(sin30"+0.1cos30) = -5.749 %
s
v=v +at
at the highest point v=0 so 1, = Lo T4v,s
a

1 2 2 2 2
X, =Vd,+—at, =0.174v" —.087v,” =0.087v,'m
7 [ 2 up

Going down: x, =0.087v,”, v =0. &' =-9.8(0.5-0.0866)
1

xa’own =0= 0-087‘)(,2 ——4.05 13[2
2

down

ey =0.207v,s
tloml = tup + fdm‘,,, =0.38 1V°S

g
k

2.13 At the top v= 0 so e':'k"nm -
£,

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




\"\"(_ _ g _ ﬂ?g
V= —t v—"—— /—
| ! k
2 213 )
(v, +v )

2.14 Goingup: F, =-mg-c,v’

a=vﬂ=—g—kv2, k—
dx m
f’L_Ld\
-g—kv

_iln(—g -k’ )I\ =X

g*‘h’z = o

g+ ln),‘2

vl =(§+vcz)emr _£
k k

. 2
Going down: F, =—-mg +c¢,v

dv —g+ o
c/\

\dv
—g+kv“ = j dx

ﬂ ln(—g+kv2 )I; =X-X,

l—-livz = oM g2k
g
W =§_(§e—2kx )e?.lu
k \k
v s
215 mE= mg—cyv—c,v
dt :
ar_ [L
m mg—c,v—_c,v

dx | 2ex+b—+b* —4dac
Using f In

a+bx+cx’ \/bz—-4ac 2ex+b+b? —dac




t ] | =2c,v—c, — Jc,z +4mgc,
— = n

2 2
m \/c,’ +dmge,  “2e,v-c +ye Hamge, |

2 2
p (2c2v+ ¢, +4¢ +4mgc, )(c, - \/c,“ +4mgc, )

—(c,' + 4mgc, ) =In

“ 2 2

m 2c,v+¢ - \fc," +4mgc, )(q +4J¢” +4mgc, )
as t >, 20V, +¢ —\/c{ +4mgc, =0

|
2 H
c m
o=l a) e
2¢, 2c, C,

Alternatively. when v=yv, .

[N

dv O=mg—-cyv v’
m—=0= —CV, — GV,
i g —C 2
I
SN | T L 4
2c, 2¢, ¢,
2.16 a= v@=—ix“2
dx m
< kdx
L vdv = -[‘ - mx?

<
n

&
Il

-

3 |R

N

|-
|

o | —

N’
™|

_ z&(b-xy3
mb\ x /]

! ! s
ol mb( x |2 mb” | X
It = L dx = b d _
e -‘:_Zk(b—x)] ) (2k]f x | “\b

. . 2
Since x<b,say —=sin" 0

| |
e mb® \2 rx sinH(2sin9cos()d0): 2mb? 2r,sin29d()
2k 3 cosd k 5
|
mb* \?
= w
8k



2.17

2.18

2.19

dt dx
mvdv = (r) "
g(v)

. . , dx
By integration, get v=v(x)= ~

If F(x0)=f(x)g(?):

d'x d { dx )
mzz— —mZ(E)—f(l) g(1)

This cannot. in general. be solved by integration.

If F(v.r)=f(v)g(r):
dv
mzzf(v)-g(t)

mdyv
=g(t)dr
.f(V) ( )
Integration gives v =v(r)
dx
—=v(!
dt 4 )

dx = v(1)dt

A sccond integration gives x = x(r)

ci=(155510")(10%)=1.35x10° 5

_ 22\ _ —sk_g
¢, =(0.22)(10°) =2.2x10 ;

to]| —

1.55x107 [( 1.55x107 T (10’7)(9.8)]
VvV = <+ +

" 2x22x10° [l 2x2.2x107 22x10°
v, =0.1792
RY
107)(9.8
Using equation 2.29, v, = w =0211Z
2.2x10™ s

. ai . v ) dv A
F(x)=-Ae" =mi or F(v)=-Ae™ =my =—dt
av
e m
y av du du du aAd
Let w=¢" du=ae®dv dv= = =——dl!

av 2

ae au u m



Integrating

1 1 A4

———=—at and substituting e”" =u
uou, m
| A a
(a) v=yv, ——ln[l +—=e" at]
a m
(b)y t=T@v=0

av, =In [1 + A e” aT]

m

, A .. . m —av
e =1+ al T=—I[I-e" |
m aAd
dv A L. vav A
() v—=v=—"o¢°" —=——dx
dx m e m
) a du
again, let u=¢ du=qudv or dv=— v=—Inu
an a

1 du

—Inu |— 1

a au A . .
=————=—=—-—dx Integrating and solving

u m
m ar
Y= [l—(l+av¢)e ]
B d(mv)

F

=mv+vm= mg
dt

4 h i
but m=p —xr’ ms= p,arv ;_-' ¥ -
3 T
4 22 3 ! l
so (1) =zp’v+mpr’v? A :izzporsg ' f | *
3 3 3 ' !
Py -3 , : [ b
Now —=10 s0, second term is negligible-small -
p-
hence v=g and speed <t but
. . ) ]
m=p, dzr’f=p ar’v or F= £, Hence|r = lﬂgt and rate of
4p. 4p,
growth ocs
The exact differential equation from (1) above is:
4 a4 ap il
_Iz'pnr ii: + ”pl ﬂ = iﬂ'porg
3 Py . 3

-
Q



. . 3F°
which reduces to: i+—=—"—"-g
Using Mathcad. solve the above non-linear d.c. letting

21107 and R ~0.0lmm (small raindrop). Graphs

pc
show that
vecFoct and roect’
Radius vs Time Rate of Growth vs Time
20 I 4 T
t o
E B
ERlS — S 2 -
s
< <
-]
0 | 0 [
0 5 10 0 5 10

Time(s) Time {s)

10



3.1

3.3

3.4

CHAPTER 3
OSCILLATIONS

x=0.002sin[ 27(51257 )1 | [m]

m m

i =(0.002)(27)(5 12)[—} 643 {_]

A S

m

% =(0.002)(27) (512) [—} =2.07x10’ [ﬂ

N

x=0.1sinw, [m] =010 cosmt [ﬁj|
B
) | m
Whenr=0,x=0 and xr=05 [—} =0.1w.
s
N
® =55" T=""_126s
.

: X, . .
x(1)=x coswi+—=sinws and w, =27 f
o,

x=0.25 005(207[1) +0.00159sin (207¢) [m]

cos(a— B)=cosacos f+sinasin B
x=Acos(w,1—-¢)=Acosgcoswr+ Asingsinw,r
x=Acoswt+Bsinwt. A= Acosg. B=Asing

1

2 -2 2
— kAT =—mx; +—kx
5 | 1

2.2
2= 2 NN 76N 2
=% t = R 1
k X, = X



3.6

| —
-~
1}
N
=T

3.7 For springs tied in parallel:
F(x)=-kx—kx=—(k +k)x

o[t

For springs tied in series:
The upward force m is k, x.

-

Therefore, the downward force on spring k, is &, x.

The upward force on the spring &, is k.x' where x’ is the
displacement of P, the point at which the springs are tied.

Since the spring &, is in equilibrium, k x' =k x.
Meanwhile,

The upward force at P is &x".

The downward force at P is &, (x—x").

Theretore, k,x" =k, (x—x')

o kyx
k +k,
And k, x = k| 2
k +k,

1
©= Ky B T B 2
m | (k +ky)m

3.8 Forthesystem (M +m), —kX =(M +m) X
The position and acceleration of m are the same as for (M +m):
k

X =- X
" M+m "

x, = Acos ,/ k I+6 |=dcos k t
M+m M+m

The total torce on m. F,, =mX, =mg—F,




mkd k
X, =mg+ cos !
M+m M+m M+m

F =mg+

For the block to just begin to leave the bottom of the box at
the top of the vertical oscillations. F, =0 at x, =-d:

0= me - mkd
& M+m
g g(M+m)

k

39 x=e"Acos(w,-¢)

Ix -yt H —yi

ill=—-e " Awysin(w t - @) —ye " dcos(w,t — @)

dt

. dv .
maxima at —- = 0=, sin(w,—g)+ycos(w, - @)
. ‘

tan (@, — @) = -z

w,

- . . . . . 2r
thus the condition of relative maximum occurs every time that 7 increases by —:
,

2
La=L+—
w,
kds

For the i th maximum: x; =e ™ Acos(w,1, — @)

T
=T

X, =e " Acos(w,t,, —@)=e “x

i

L_ e')’i — erTJ
xi+|
30 (@) y=-——=3s" o =K 95
2m m
of=w -y =16s" ol=w-y=7s"
S, =J7s"
F 48
(b 4y =——=——m=0.2
) e e " 504 "
2yw 2vw, @ 7
(c) tang = ,}/ r =10 O =\/_ P41y

((u;—a)f) 27’y 3
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