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Chapter 2: Mechanics: Kinematics

(18.8)> = v, - 2x9.8x18

Vol = 0.8 m/s
(b) The maximum height reached by the stone is /
p= a8
2g 2x98

; """" Example 2.12

A student throws a set of keys vertically f /\ A
upward to another student in a window 4m +00m

above as shown in Figure 2.6. The keys are
caught 1.5s later by the student. S JQ’{F&
(a) With what initial velocity were the =Aq
keys thrown?
(b) What was the velocity of the keys just
before they were caught? Figure 2.6

; Solution

(a) Let =0 and y=4m at /=1.5s then we find

I o
)/:yo+vo[- ;gr

4=0+1.5v,-4.9 (1.5
vo =10 m/s

(b) The velocity at any time 7> 0 is given by
v=v,t+at
v=10-9.8 (1.5) =-4.68 m/s
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Lectures in General Physics

2.4 One-dimensional motion with constant acceleration

constant A5 3 laall (s € Loxie L ollyg aly dey 3 ASa) G i

Instantaneous bl i_as) o A _Nall o2 a 85 .acceleration

o AN dagng . Average acceleration 3ss) L i s sl acceleration
ASa) YA L sluie ¥ aran Gadlin S a5 o W) de )
A sl e Lusly Gl e gy

Instantaneous acceleration = Average acceleration

R ol 2.9)
1=t
Let 7, = 0 then the acceleration
a=2"Ye (2.10)
t
or
v=v,+at (2.11)

Vo ANl Ao pual) e 13 7 (e sl die v Ao ull e (e (2.11) Al e
¥ el o8 1 jiaa (5 gl dlnal IS 15 . pmand L oy 3 g A Al
Laf Jany 308 el (5 ghi A8l el o i Mg sl e i

(NVS) e e dey 4d A8l Adlaall 350a (e aa S

JSSm/s e e jud) B A-5my/s” L Jlake 00 Ase il el () iy

LAy
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Chapter 2: Mechanics: Kinematics

Since the velocity varies linearly (—ka) with time we can express the
average velocity as

v+
o
2

Vave =

2.12)

To find the displacement Ax (x-x,) as a function of time

AX = Vyye At = [VJ;V"JI @.13)
or

X=Xx,+ % (vtv) t (2.14)
Also we can obtain the following equations

x=x0+v0[+%al2 (2.15)

Vo= vo2 + 2a(x-x,) (2.16)

Aafi A skl Adlaall (5 5l (X-X,) Ae shalall Allal of Laadl (2.15) Asledll (e
o el 13 5 A Alaell Aagi Allaall ) ALY vof 2a) pa p A6 el
A1) Al 3oy 43 Adeall 3508 e 3n IS )5 ¢1/2a7 Woleadl (e s Y 2al
o A ) (g sha e gl lluaall (i a5 gl Ul € 1 af Liad JaaY
e

X = Xo= Vol (2.17)
5 g e sl Ailusall )55 | jiaa (5 5l AN Ao pudl S 13

1 2
X-X=—at 2.18
X - X 2a ( )
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¥y

A body moving with uniform acceleration has a velocity of 12cm/s
when its x coordinate is 3cm. If its x coordinate 2s later is -5cm, what
is the magnitude of its acceleration?

g Solution

1
x=x‘,+vnl+5 ar

Example 2.8

S5=3+12x2+0.5a2)
a=-16 co/s’

%

A car moving at constant speed of 30m/s suddenly stalls at the bottom
of a hill. The car undergoes a constant acceleration of -2m/s> while
ascending the hill.

Example 2.9

1. Write equations for the position and the velocity as a function of
time, taking x=0 at the bottom of the hill where v, = 30m/s.

2. Determine the maximum distance traveled by the car up the hill
after stalling.

™

Solution
o L 2
1 X=X Ve bt E at
x=0+30¢-F

x=30r-7 m

v=vy,+at

v=30-2t m/s
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2. x reaches a maximum when v = 0 then,
v=30-2t =0 therefore 1=15s
Kimx =30 £ - F

x=301-7 =30(15)- (15 =225m

2.5 Application of one-dimensional motion with constant

acceleration

2.5.1 Free Fall

Free -l bgiull constant acceleration 4l Alaall e dalgdl ciliulail e

Lo 2006 Am 1 ilal) s of Gy g dpim ) Apilall dlne il cans fall

Alles com 1S e olad) 3 Ly Lealail s () o (ge 835000 clelis ) e

Oe Cagall gy Sallx el et e Aila) @ﬂ‘ ¥ aled aladiad (Ko

Ll o W1 AMad Aae oY @l -g Allas bl Asm Y1 Audlall Alany g Alaad
2.2 J0 LS Ll y sl S e die e 13a g ) S e oladl b

V=V,-gt (2.19)

Y=yot % (v (2.20)

Y=Yotvot-— gl (2.21)

Vv s2g () (2.22)

Figure 2.2
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; Example 2.10

A stone is dropped from rest from
the top of a building, as shown in

1100 ] = |
Figure 2.4. After 3s of free fall, aaaon | 4
what is the displacement y of the 7'3 300 l L=
stone? aonan

ngaag

oong e

wuggy

YA unnuy

""" Solution gum

From equation (2.21)
Y= Yo7 Vol = B g

y=0+0- % (9.8) x (3)* = -44.1m

%

A stone is thrown upwards from the edge
of a cliff 18m high as shown in Figure
2.5. It just misses the cliff on the way
down and hits the ground below with a
speed of 18.8my/s. 18m
(a) With what velocity was it
released?
(b) What is its maximum distance ¥
from the ground during its flight?

Example 2.11

Figure 2.5

™

Let y, = 0 at the top of the cliff.

Solution

(a) From equation

V=00 - 2g (v-3)
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