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1. (Displacement and Vectors)
(Position) (Coordinate)

(one-dimensiona system)

s Positive direction
MNegative direction  deses

3 2 1 0 1 2 3.4 5%
Crigin / P(X)

(two-dimensional system)

y

4 —/

5 [ *IPY)

2
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4 321 ol |2 B |4 X

-1
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3

4
(three-dimensiona system)

QX.Y,2)
/ B

X

P-Q (vector)PQ =S,

S =(Dx,DyD2)= (X Y Z)-(xy.9= (X-Xy-Y,Z-2)
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. (addition)

s=a+b

(commutative law)

a+b =b+a

(associdtive law)

(atb)+c=a+(b+c)

b+

Pe_—Q S+H(-S) =0 ( Null Vector)
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(Subtration)
d = a-b =a+(-b)

Mote head-1o-tail
[ Arrangement for
addition

{a) ()

(Unit Vectors)

kv
-

/“
il=jl=Kk|=Ladi j=j k=i k=0( )
i o] kok

P(Xy.2 = xi+y]+ZK
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2. (Velocity and Acceleration)

(path)

r®) = (xO.y0.21))

t1 r.1 t2 r.2
2.1 (velocity)

(averagevelocity) v

ngu

Dt t,-t
_® - X Y-y, 9 _ax Dyg
gtz'tl’tz’tla %’E,Dtﬂ
m/s
DX o
(average speed) Ve |v|= Jg—_ +¢@+
Dg eDtg

[ ] ([instantaneous] velocity) v

Drag dr .6_ . I,-
° fim =& — 5 (= lim ===
At@obDte d g et l-t et

_ Dyo ae:lx dyo_ . .
= — = X’

The instantaneous velocity v of aparticleis
always tangent to the path of the particle.
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2.2 (acceleration)

(average acceleration) a

m/s?

V2
[ ] ([instantaneous)] acceleration) a
. Dveedv, .06 . V,-V . abv, Dv,0 amv, dv, 0 [
o lim S8 o ves lim SEs lim g e res i)
AteoDte d g et .-t Aw@oeDt Dtg gd d 4
dagr o_d°r _
__({\_T_ > =¥
dtedtg dt
@D (slope)
A
slope:%: lim Dx X
dt Dt® o Dt
Dx

> {
2 (tangent line)

v(t

r®
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(3)
1)
2
(3)
(4)
()

**

2.3

(1)

_ df (t) _ dg(t) , dh(t)
ft)=gt)+h®) P % dt + %
di(t) _
dt
df (t) _ dg(h(t)) dh(t)
dt dh

dh(t)

(1) = gh(®) P d‘f’f) h(t) + g(t) IO

f(t) = g(h(t)) P chain rule

df (t) 1
f)=g"p —Z=qgnt"
t)=q m q

ddgn x dcosx )
= COSX, =-d49nx
dx dx

df (t) _ d édf (hu_ d?f(1)
T_fqt) dt& o B dt?

= 4t

(one-dimensional motion)

X(t) = ht+sv(t) = —d— =h; s=x(0),v=const.=h

P x(t)=vt+x(0), (constant-velocity motion)

dx dv
x(t) = ct? +ht +s,v(t) = X = 2ct +h,at) == = 2¢;
t) (t) " (t) o
X(0) =s,v(0) =h,a=const. = 2c
b x(t):%t2+v(0)t+x(0),
motion)

X(t) = x,, coswt,Vv(t) = - X, wsnwt,

AN

Displacement

a(t) = - x, W’ coswt

(periodic motion)

Velocity

(smple harmonic

ration

oscillation, SHM) 3
X0 _ oy <
e X(t)
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(2) (two- and three-dimensional motions)
a  r(t)=(x@),yt)=(ht+s,ht+s)
r0) =(s,s,)

_dr _oeix(t) dy(t)o_ _ :
V_E_g T (h.h,)) =(v,,v,) constant velocity

rt) = (v,,vy)t+(s,,s,) =tv +r(0)
b. r(t)=%t2a+tv(0)+r(0) constant acceleration

C. (uniform circular motion)
r(t) = (x(t), y(t)) = (r, coswt, r, Snwt) = r, (coswt, Sn wt)

X2 +yt =y (path)

w (angular frequency) rad/s v

r(t)
wT=2p, T=2p/w (period) /
0 ¢
f=1/T=w/2p (frequency)

1/s(Hz)

; ) _ _
d =€@E,ﬂg= (- ryWsSN W, rWCoswt) = r,W(- Snw, Coswt)

v(t) = (v, (1), v, (1) = dt &dt dtg

v,O+v, =W = vt v = rw
vi)x(@t)=0 V() r(t)

at) = (a (t),a, (t)) :% = a%%gz (- rW COSWL, - ;W SNWE) = rwW’ (- COSWE,- SinWt)
2

a’ +a, ='W =a,,a, =rw’

at) = 2 =  coswt - snwt) =- H2 =)

o
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(1) () = 0

Vo =W

V
a, =rw =—>
r

2

0

()
d’r(t) d2x(t) _
e wWor(t), e W X(t) ,

(helical motion)

Y0 - _weyo

dt?

r(t) = (x(), y(t), z(t)) = (r, coswt,r, Snwt,v,t)

(projectile motion)

»  constant-speed motion

A 4
constant-acceleration

motion g=-gy

(1) = (X(1), YO) = (Yo, + % - %gtz Vot +Yo)

Vox = Vo €COSQp, Vo, = Vo snq,

29



X(t) =V, COSCt + %,

1, . t
y(t) :'Egt +VOanOt+y0
Y- Y, = (tang,)(x- X,) - g(x-—XO)z
2(v, cosq,)
] (horizontal range)R
Qo
y=0 x=0(trivia solution) 2\;’ sin g, cosq,

v,
R= sng, cosq,
g9

2

R=Y2 gn2q,  snx, £1
g

R vp2lg sn2g,=1 0,=45
) =0
dr
v(t) = e (Voxom Ot + V) t=vo/g V=0 r(t)
& 29
QXO + VOXVOy ’yo + VOy :
& g 29 5
) d_y X =x + Vo SiNQ, COSq, _ X + VoxVoy
dx g g
v,2dn?q A
= +9 0 — +2Y
ymax yO 2g yO Zg
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2.4

(Integration)

v(t) r(t) a(t) v(t)
(D) v(O) -r(t)
%:v(t)b dr = vdt (Dr =vDt,Dt ® 0)
(-t n  p=—-
n
k v(t) £,
() =r(6)+lim & vt )0
im 2 v(t,)Dt & v
r(t,)-r)= 6vdt
X(t;)- x(t)= (f)f v, dt
V(t)- y(6) = Q vyt
Z(tf ) - Z(ti ) = (\5 Vzdt
R .
V()
Dt
- |
t; t;( t >'[
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o (integration)—— (differentiation)

dF(t) _ . _ b
T— f(t)U F(tz)' F(tl)_ Q f(t)dt

=
\

dF (t) = f (©)dt Qde(t) = Q f(t)dt

Q, dF (1) = F (1)

“=F(t,)- F(t)

)
(@)

’><
N

=X =%, - %

2

1
n+1

o — n+l

1
. ™)

’x

(2 k= L (x,"" - %,

n+1

2

/%

) dx = § Yo — e g
COSXdX =9n Xl—SnX2 an X;

1

3)

(2 alt)-v(h)

%:a(t)p dv = adt (Dv = abt,Dt ® 0)

t=tg _ _
p Q. dv =v(t,)- v(t) = (0 adt

r(t) v(t) a(t)

RO
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3. (Relative M otion)

Foa(t) =T pg(t) +1ga(t)
- ( A B )

drog  drg,

d
;:A: & + i VPA(t):VPB(t)+VBA(t)( )

t aPA(t) = aPB (t) + aBA (t)

® aga=0(  Vga=COnst.) a,,(t) =au(t)

® Vga=0(  rga=const.) v, (t) =V (t)

FREX ( ) VPA :VPB +VBA
( )
VPB +VBA 1 nsi
v, =—FB BA ecia relativi
PA 1+ VPBVBA/CZ ( q) ty )

2-13



Vpp=Vpa=0.65C Vin

J U

Vpa=VpptV,=1.30C>C

Vps +Van _ 0.65C +0.65¢

= = =09lc<c
1+V,5Vg,/c? 1+ (0.65¢)(0.65¢)/ c?

VPA

€c=299,792,458 m/s

]

Figure 4-25 shows three paths for a lacked football. [gnoring the effects of
air on the fhight, rank the paths according to

(a) time of flight,

(b indtial wertical welocity cotnponent,

() initial horigontal velocity component, and

(dy initial speed.

Place the greatest first in sach part.

FIGURE 4-25
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Q4-12

ra) Is it possible to be accelerating while traveling at constant speed 7
[z it poszsible to round a curve with (b)) zero acceleration and
(c) a constant magnitude of acceleration ¥

Q4-17

Figure 4-27 shows one of four star cruisers that are in a race. As each cruiser passes
the starting line, a shuttle craft leaves the cruiser and races toward the finish line. ¥ou
are the judge and are stationaty relative to the start and finish lnes. The speeds ve of
the four crusers relative to you and the speeds vs of the shuttles relative to their
corresponding cruisers are, respectively:

(1 0700, 0400, (20 0400, 0.70e;, (33 0.200, 0.90z; ¢4y 0.50¢, 0.60c.
Without written calculatiot, deterine

() which shuttle wins the race and (b)) which is last.

Finish line

r

FIGURE 4-27
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