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[..Position: ¢ b5

( Vector  Quankities

o
—» \ntial Positon : X,

S — -
- final Position s Xs X Xe
Ex: lebxy = Sm inthe (X+)
= .
X2 Sm inthe (X-)
5
Xs 3
Ll
s ° 5
Lﬂ&plaﬂemﬁnf' N S P T T IPRTB)
- T~ 0 = v
d Vector Quantikies Rt Al A0 A s
— Displ b = change in PosiHon
—

- = =
DX - X, X

% Ex:- SupPose X, = Sm at k o = -Smab o, Pind Be disola cement 22

D = Xp-X, .
(; Xy
. -5-5 ' ——
-5 o 5
2 -10m , or  \Om ko the lefF )
DX = -lOM.
_3_.._D.isian('.2 Dot tioie 2, (aull)
C Scala”™ Quonkities ‘_...J\ asbe,
e Distance. = Displacement
Ex:- SuPPose M- 10m at b , X3 = 0m ot b Pind the Oishance ?
Do X 4 X X2
X
- 10410 —_—
0 w0
= 20m
=
= apach -- Yo = asern cicle . (fou ceel )
Fad == 1. T 0\s‘>lqcrm\cn\'?
_ -
_ Displacement (DR) - change w Position
- - -3
DR - %9 - X, /
-2 0

= 2-(-2)

z 4m. (ko the right)-

2. <we Diskance 2

Distonce = ESINTEN IV

= 2T —
2

= 3.14X2

- 6.3m

Lbte, :- / x Oishance = 2wr

r
) % DisPlacement - Zerp

L —

NS




4 .. Average Velocity :  caow ax senin

mw_ﬂ&ﬁ% oras e'oa-‘-v'un

> -
velocity - DisPlacement - py 1 olir of D-vg = dir of bx)

Yimc interval ot

( Veckor Quantity .
Nttt LSS L\

Xl """""""""""" }4

I'l h

5. Average Speed :  (uiuizen.s

G scalar Quantity

Posiki

% MAverage speed = Takal Diskance S avg -y always
Hme interval

6 ..ingtantaneous Velocity & Speed :  cays. iy e agn
e b {

1. Prom the graph (X ys. 1) by Plotting e tongent of the cune ot a Certain Point , Hhen Bind the rangent sloPe

=
Vinst = SloPe of e k t

2. From the eguation X (4 3

>
Vinst - olx —y CPirst clerivative of e positon)

dt

2 Compute your —in the following two cases: (a)

1 You walk 73.2 m at a speed of 1.22 m/s and then run 73.2m at a
speed of 2.85 m/s along a straight track. (b) You walk for 1.00 min

1 at a speed of 1.22 m/s and then run for 1.00 min at 3.05 m/s along a
straight track. (c) Graph x versus 7 for both cases and indicate how

the average velocity is found on the graph.

ay . . .
¢ p: N
D:- 73.2m D=73.2m
S= 1aamls S= 2.835 mls
S = D S, = Da
b, i
V.22 = 73.2 2.85 = 73.2
k &
Lo = osec. by = 35.8 sec.
b)
7..5 = 722+ 732 1ué.4 P
60 +25.4 Fo Vi - lmia
= 171 mis. S = 120 wm/g S- 2.05 mls
S. = Dy S, - D
b, +
129 = D 205 - Da
60 6o
Di- 73.2 m Dy=- L83 m

= 73.9 + 13

= 2135 m/s




7 .. Average Acceleration:

<\ Vectsr Quontity.
=

* It depends onthe change n velocity
- - - - 2
* O'mB = DV = V2 \L > mls
ot ot
8 ..Ingtantaneous Acceleration: s axispec,
2
% Gt - dU - dX
dt dtt
* Mote :-
X(H s v, alh) 2 D8R (S\oPe)
old) 5 u(d) 5 AC¥) . tategfation (afeo wader the curve)

- = - N . Y
o =8 cd AN (Pa LRp

X v o-
\" Graph
Ve

Cr) w222 e (=) Catimandt

* SPeedina ub of Slowing deun

gl @ Hotion + Viya Y some divechon sp"cl:m.g up .
s * s % Viyo X opp lireckion — S| wing down
_ - up
+ - down
— + down
S p o o) const v
4= up
o) o at fest

Sample Problem 2.03 Acceleration and dv/dt

A particle’s position on the x axis of Fig. 2-1 is given by
x=4-21t+ 1,

with x in meters and 7 in seconds.

(a) Because position x depends on time ¢, the particle must
be moving. Find the particle’s velocity function v(z) and ac-
celeration function a(r).

V) = -27 4 3+

ad) = £t

(b) Isthere ever a time when v = ()?

UCK = =27 43F
o - -2% ., 3%
21 - 3¥
£ -9 5 ¥= 3%c

(c) Describe the particle’s motion for t = 0.

—5 X= -22m

oo — X =Ym [ ]

-24mls

V - -27m!s Yars

o=z 68 mls*




5 'The position of an object moving along an x axis is given by
— x = 3t — 4 + £, where x is in meters and ¢ in seconds. Find the
position of the object at the following values of 1: (a) 1s, (b) 2's,
— (c) 3s,and (d) 4 s. (¢) What is the object’s displacement between 1 = 0
and 1 = 4s? (f) What is its average velocity for the time interval
~ fromt = 2stotr = 4s?(g) Graph x versus t for 0 = r = 4 s and indi-
cate how the answer for (f) can be found on the graph.

X =3+ _ 4t #

a) X)) - ’!(tl-um"%(llz

= 0 m

2
by X(2) - 3(2) —4(a) , (2)°

= -2 m

c) K(3) = 3¢3) _ucn)t . (3)

=0 m

Ay w(u) . 304) _ wed) ,o4)’

= 12 m

e) D - AX

A ¥

-
2) ‘/ﬂllo = D
J

- 12-(-9)

4-

= 7 mls

14 An electron moving along the x axis has a position given by
x = 16te”" m,where t is in seconds. How far is the electron from the

origin when it momentarily stops?

X lét+e’

Vo ter (-¢T) o tet) 16

o = IJc“(-l- )

l(f- Z0
-t+l =-o
t o lsce.
x - 150) ™

¥ s $.38wm.
2.72




9 .. Congtant Acceleration:

o k) a4y S P

vP = visak 9

d- vk, Lot
2

i A6, A = R0
[ >
. \
vl v . 2ad PSRRI TP
7 -
I.Jé:‘ dEnn
B a
HeX - = — ot
Viz 1.SX10° mls = +
<2 (Cnd
L= tem —~ LX10 m +
5 Y
VP- S5.7X\10 mis ~
Pnd o ?? - R
vP? - i " 20d £ L !
2 2 =0
(s.7x10%) = Cisne) 4+ (2)(1R10 ) (a)

a = .5\ X\o's m/s

=k Varioble accelecodion :-

Hax \neiglt Voug = Slope of Jowming Vine between twe Pomts
T
— = V= SloPe of o kangent line at the Paint
NZEA\
X
o ?qua. (A=50) = SloPe of solid line.
\v UCE=0Q) - =ern ( /_;C"nrvlj]
U(r=0) - SlPal D
X
let g -5+
at k= 2sec V = 1#nmls
+ = Y sec Pind V2 P
a - 54 S - 7 -
2
V=514 ,¢C
2
v(2) = 10 (¢

I{ =10 1c A(C—Y)
N~——

V=5t 7
2

v(H) = 47mls®

1O .. Free fall Acceleration:

4 the best example of const. accelerndion is the free Palling V=0 (éu{;l\n—éﬁ)
Q= -9- -9.2 wmls® 9:--amn 9--9% Vu#g. RN

e N :..;.\,’L’m J v = vi_st V= uneg U= Pos

a5z e JE GEn w'o it _agd Y = neq Y=z Pos.

pad d-ut %9\'2

588,00 &\ o \s %
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Sample Problem 2.05 Time for full up-down flight, baseball toss Ball y
In Fig.2-13, a pitcher tosses a baseball up along a y axis, with S 0at )}i
an initial speed of 12 m/s. highest point | :
(a) How long does the ball take to reach its maximum height? : ?
|
i
_ Vat Aaimum weight = 0
W \herq Qo : :\
vP - yi _gt i} [~ During
4. descent,
0 = 12-(aB)F During ascent,—~_| ! a==g
a=-g -\1] : speed
\2- 9.8+ 5 += L2 sec speed decreases, || increases,
and velocity 10 and velocity
= 7 5 7 z becomes less I becomes
(b) What is the ball’'s maximum height above its release point? positive H more
i negative
i
DY = vt _Lg¥? 1 e
2 =0
= () (va)- L (ag) (1.2)?
3= F.3m

(c) How long does the ball take to reach a point 5.0 m above

its release point?

DY - uit \Z.Q\-,'

5 -k _ L(ag)d?

yak* b ,s -o

) B m{ql(‘m)(s)

2(4.9)

}- ©.53 sec. (up) G,P/ b= 1.9 vec  (dwown).

a-=cu _— dv= aodt

dt
v -
u..(‘dv 5 ¥gcq,cu- (the areo under e gcceleration core)
\n _
Vo -l\‘mﬂ \/\)
' /
=
b b
V- ali clx - vdt
okt NG 0P
iU dxr = vdt
‘vt’
X . xi :.\S vdb 5 b ora under b velocity cure.
" Vi
\
T
Ve —
e 1
h |~1/




ex:-

U (mk)

a) E;ncl. Xat + - Hsec?

9 ' ,
' .
ux-cS vdt / . . .
[} i ' .
= Area under He cue Cuust) Prom o 44 i : : : i n
) 9 3 v 5 ¢ /
Xy = 1 (44.2)xM
2
= 12m
b at +-4s Rind v.a?
vy - Yml
a = SlePe = O.

_Lecture problems:

2 Compute your in the following two cases: (a)
You walk 73.2 m at a speed of 1.22 m/s and then run 73.2 m at a
speed of 2.85 m/s along a straight track. (b) You walk for 1.00 min
at a speed of 1.22 m/s and then run for 1.00 min at 3.05 m/s along a
straight track. (c) Graph x versus 7 for both cases and indicate how
the average velocity is found on the graph.

5 The position of an object moving along an x axis is given by
x = 3t — 4 + 13, where x is in meters and ¢ in seconds. Find the
position of the object at the following values of r: (a) 1's,(b) 2s,
(c) 3s,and (d) 4 s. (¢) What is the object’s displacement between 1 = 0
and 1 = 4s? (f) What is its average velocity for the time interval
fromt = 2stot = 4s?(g) Graph x versus t for 0 = ¢ = 4 s and indi-
cate how the answer for (f) can be found on the graph.

a) . . A=3b_ HE#
¢ P
D:- 73.2m D= 73.2m al X} = 30)-4m* 4 )®
S=  1L2amls S= 2.835 mls = 0 m
b) X(2) = 302) -4c2) , ()}
S. = D1 S; = Da : -2.m
k, i c) X(3) = 3(3) .uc3)t 4 (3)
va2 = 73.2 2.85 = 73.2 0 m
) s 4y xw) o 34) _ eyt 4
Yo - 60sec. F9 = 25.4 sec. = lam
e D = BDX
o Vevy = 722+ 72.2 1ué.q Ot
60 +25.4 - 12-0
= 1.7) mis. qy-o
= 3m
b) . . ) Vay = D
Z Y
to Lmin t= Imia =12-(-2)
S= 1.22m/s. S- 3.05 m/s Y-2
= 7mls
si = Do S; = Da a) 1
L ', x
122 = D 3.05 - D1
o 60
Di- 73.2 m Da- 83 m /
o Dug s O _/
14 :\ 2 /3
=73.9 £ 183 2
8o+ 60
2.135 m /s




P 12o0kkm A _lh X (ocom

. . o s 21 Along a straight road, a car moving with a speed of 130 km/h is wn 3600 Km
14 An electron movmg along the x axis }"35 a position given by brought to a stop in a distance of 210 m. (a) Find the magnitude of - 36.1 mls
—  x = 16t¢”"m,where t is in seconds. How far is the electron from the the deceleration of the car (assumed uniform). (b) How long does it

origin when it momentarily stops? take for the car to stop?

2
a) vE = ', 2ad

Xaldteh
LY
v 16+ ( F-'l_‘_/ﬂ-" 16 a =(3¢4.1) + 2¢6)(2l0)
o —1éet (-+,) -1303.2\ = Yl0Q
1(5-’.¢n G—'le’s‘
“t4] o
bolsee by vE - vi . ot
c-1)
L - 160) e 0 - 361 , (-3.)+
= 4 5 S.38m 360 =31%
_—
2.72
Y- (.4 sec
39 A car moving at a constant velocity 0‘ 46 m/s_'\passcs a traffic 45 A man releases a stone at the top edge of a tower. During the
last second of its travel, the stone falls through a distance of

- cop who is readily sitting on his motorcycle. After a reaction time of

1.0 s, the cop begins to chase the speeding car with a constant accel- (9125)H, where H s the tower’s height. Find H.
o)

eration of 4.0 m/s”. How much time does the cop then need to over-

take the speeding car? DY = vt o \aq‘_'l A ~
-

Car :- Cop:- YoP _y dlown A _c /% !

2s

Veonst = 4dmls | @ - Ymls' _ 5 const W= 0, Lo¥ L (W) w
a -o Yob —s 16 W B8 )

25
L D= vty Lat? U . o4 Lg (+1)? b
g 25 n 2 1

D =(4s)ll) +0 $=1

ay,

D uém -54% - -5 (F-1)"(25) % -

167

036 _ 2t -6

* AX = yiF J.g_tl"l

XE - i, wit , Lab:
2
L. 9% K’-{(o-%)(l)

X@ cor = xP anp
2 (©-36)

i vk, Lab® - Kigwb, Lat?
2 2
k- 5 sec

46 , us(H = 0.0 .,21_(41,\2
8 o-S 5 ol

U 4 Ut = 241

+2_23% _23 -0

t-_03 ./ B'-unc s = (23) :\/(133‘-41.1(-23)

2A 2 ()

o 23 + 94.94

2

23.95 scc




Dicoussion brobleme:

3 Rachel walks on a straight road from her home to a gymnasium
_ 2.80 km away with a speed of 6.00 km/h. As soon as she reaches the
gymnasium, she immediately turns and walks back home with a

speed of 7.70 km/h as she finds the gymnasium closed. What are
the (a) magnitude of average velocity and (b) average speed of

Rachel over the interval of time 0.00-35.0 m'Ln?

5> 0.SB\1
* X
\ome. D= 2% km 9ym
$= & kmlh
D- 2
S=77km
a) S = D b s - D
H b-l-
8 - 2.8 s bF- 0.6 = 1.8 + 0942
—
‘\'l 0.S8
L PR SR N = 645 kmlh
0.58 = 0.U6 ,
“2— o.12 h

o S, = D'I

!—2
17 -_Da 5 D = 0.924 km
0.12
-
' Vaug = D
v 3
Dt

— V=323 kml.

15 The displacement of a particle moving along an x axis is given
by x = 181+ 5.0/, where x is in meters and ¢ is in seconds.
Calculate (a) the instantaneous velocity at t = 2.0 s and (b) the av-
erage velocity betweent = 2.0sand 7 = 3.0s.

23 A body starting from rest moves with constant acceleration.
What is the ratio of distance covered by the body during the fifth
second of time to that covered in the first 5.00 s?

X - I8+ 542

Stack fcom resth s Vizo

D= vit

a) V=18 4 Lot

L at? s D=1 at?
+2 ot 2

¥ D in Hhe PPl sec C4,53]
=18 , \o(2) D - X5 -¥4
]
- 38 mls = (0.5(a)(5)%) = (0.5 Ca)(a)?)
b) X(2) = 18(2) 4 5(2)° -(9a)m
2
= S6m % D n Yhe Bicst 5 sce 5 L0,5)
X(3) = 18(3) 45 (3)° O - (o.s(a)(5)?)
= 99 _!QSm)m
-
'\/nu_g— DX D - a0 x 2
o 2 25«
ot . a
2s
- 99 - ¢4
3-2
- 43 m/s




— locity of 20 m/s downward. The top of the building is 60 m above
__ the ground. How much time elapses between the instant of release

33 A stone is thrown from the top of a building with an initial ve-

and the instant of impact with the ground?

D= vit , 1ad?
2

-0 = -0t . %(-lo]}"l

-60 = -20#t s+t S 5!-24_,213{' 0 -0
L2, 4t 19 =0

(y- 2 ) +44)

b 2sce oo Fo-& X

~ rounds a bend, the engineer is shocked to see that a locomotive
_ has improperly entered onto the track from a siding and is a dis-

~ constant deceleration if a collision is to be just avoided? (b)
~ Assume that the engineer is at x = 0 when, at r = 0, he first spots

43 When a high-speed passenger train traveling at 161 km/h

tance D = 676 m ahead (Fig. 2-20). The locomotive is moving at
29.0 km/h. The engineer of the high-speed train immediately ap- —

plies the brakes. (a) What must be the magnitude of the resulting

= High-speed

the locomotive. Sketch x(f) curves for the locomotive and i

high-speed train for the cases in which a collision is just avoided —
and is not quite avoided.

l’f‘c.'l n: locel

Viz= L8] kel V=29 kml)

—\ const
>

ve_ e a -0
Cor the Froin o-
ox = yib L at?
2
x€_Xi =yit o Lot
2
X - s+ Lat? — L
b i
ear Hie Lot motive !-
DR = ik, Lof? ey = Xf
2
X X\ = vt 4 Lab? 16l + 4 i_mp = 0.676 4+ 20t
2
xf.0.676 - 29t __ y xP-0676 , a9at _ 5 2 ¥32F 1 (-132 V4 - 0.676
2 +
« yP - Iy *n"' — Coc brain. % vPir) - wvPCL) / 66+ - 0.876 5 +=o0.0lh
29 - 141 ot / o= =122 s -13200 km /b’
N ool g
a = ~-\132 -~ 3
T

— 98 m above the ground when a packet is dropped from it. (a) With

47 A hot-air balloon is ascending at a rate of 14 m/s at a height of

what speed does the packet reach the ground, and (b) how much

time does the fall take?

2 .
a) VP - uvi®, 2ad

69 How far does the runner
whose velocity—time graph is

shown in Fig. 2-25 travel in 16 s?
The figure’s vertical scaling is set

v (m/s)

by v, =80m/s.

ve® = Ci)*, 9(-10) (-98)

VR? - 2.56 = Acea under the carve.
V- 46.43 m/s 'S
= od UVdt
by vB_-ui _at = Ao AL A
-H8.Y3 - 1Y . (-lo)+ = L (10+8)8 o %(q+2)2+(uw|
-0 .42 = -lot = 100 -
+- 6. 043 Scc




