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PHYSICAL SCIENCE

PART  II.

CHAPTER 1

VELOCITY.

The subjects of velocity and acceleration are treated
experimentally in Chapter iii. of Part I. We shall now
give general statements of the principles there discussed

and a number of exercises containing problems in illus-
tration of them.

1. Position.

Position is relative, not absolute. The position of a
point P is determined when its distance and its direction

from some other point, taken as a point of reference, are
known.

p

Q

g, 1.
The line OP (Fig. 1) represents by its length and its
direction the position of the point P with reference to the

~ point O. Similarly, QP represents the position of the
- point P with reference to the point Q. - That is, P hag
5 [1]
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2

: ther with refer.
5 h reference to O, and ano iy efer
one ng_on;::tthe same way, Q has one position, repre.
enc‘se 30 by the line 0Q, with reference to O, and another.
sen

represented by the line PQ, with reference to P,

¢ f o:)?;t is said to be in motion when its position ig
being changed continum}sly. i s |

Motion, like position, is relative. A pomfi is moving
relatively to any poinb ot_ rcfcren.ce wher} its Il)osmon
with respect to that point is cha,.ngmg continuous y:

If the position of a point P with r(.aﬂpect to a p?lnt o(il:‘
reference remains unchanged for a given time, P is sai
to be at rest with respect to this pon}t of refcren_ce (]lll‘l:lg
that time; but, during the same time, -t,he point P may
be in motion with respect to another 1)(.>mt of I‘Ur(fl'cll(‘_‘.?.
A seat in a railway carriage in motion is ab res?. \\'lt-}lt} L“
spect to another seat in the same carriage, but in :1.1ut;c;n
with respect to any object which has not the same mo
as the carriage.

Two points are at rest relatively to each other when
their motions are identical.

3. Displacement. cified
The change in the position of a point for any spe

b
interval of time is called the displa.cement of the pot
for that interval.

ﬁ

A E B c

Fie, 2.

If the point P is in motion relatively to th‘? point A:lg
the line AD (Fig. 2), and if at any instant it is at B, &

VELOCITY. 3

at a subsequent instant at C, BC is the displacement of
the point for the interval of time between these instants.
A displacement is determined when its magnitude

and
its direction are known.

The magnitude of the displacement, is measured by the
number of units of length contained in the
the two positions of the point.

line joining
. =

If the point P has successive displacements BC, CD
(Fig. 2) in the same direction, the total displacement
equals
' i BC + CD,

the sum of these displacements; but if the point 1
displacement, BC, CD, DE, EF (Fig. 2), some in one
direction and some in the opposite direction, and the dis-
placements in opposite directions are given opposite signs,
the total displacement in the positive direction equa

1aS

Is
BC+CD-DE-EF,

the algebraic sum of the displacements.

4. Velocity.

The amount of time required for a given displacement
of a point depends upon the rapidity of the movement of
the point. The time-rate at which the displacement
takes place is, therefore, an important quantity.

The time-rate of displacement is called velocity.

5. Uniform Velocity.

A point is said to be moving with a uniform velocity
When it has equal displacements in equal intervals of
‘time, however short these intervals may be.

;. ¥

»
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6. Measure of Velocity.

A velocity, like a displacement, is determined when itq
magnitude and its direction are known. The magnitude
of a velocity is measured by the number of times it con-
tains some definite velocity, assumed as a unit. The unit
velocity is the velocity of a point which, moving uni-
formly, has a unit displacement in a unit of time,
The unit is a derived unit, because it is determined by the
unit of length and the unit of time. For example, when
the unit of length is the centimetre, and the unit of
time the second, the unit of velocity is the centimetre
per second.

With this system of units the measure of the velocity
of a point moving uniformly is 1, when it h:{s a dis-
placement of 1 em. in 1 second; 2, when it has 2
displacement of 2 em. in 1 second; 3, when it ha,s_ 8
displacement of 3 cm. in one’ second, and so on. .If_ its
displacement is 3 em. in 2 seconds, in one second it is §
em., and the measure of the velocity of the point is .

In general terms, the measure of the velocity of a point

moving uniformly, equals the measure of its displace-
ment in a unit of time. :
Thus, if s is the number of units of length in th.e dis-
placement, and ¢ the number of units of time in t.he-mte{‘
val, the measure of the displacement in a unit of time B

8 Then, if » is the measure of the velocity,
e N

V= —
_ ; ¥
: : or Sl A0 lipng )

-

That lis, the measure of the velocity of a point movwﬁ.\ fa

VELOCITY, 5

uniformly during a given interval of time
by dividing the measure of
that interval by the measure
or

is obtained
the displacement during
of the interval,

the measure of the displacement equals the measure of
the velocity multiplied by the measure of the interval,

EXERCISE I.

1. Express in miles per hour a velocity of (1
(2) 100 yards per minute.

2. A point moves at the rate of 50 miles in 12
its velocity in feet per second ?

3. Find the ratio of velocities of (1) 60 miles per
per second, (2) 5 miles per 6 minutes and 10 £

4. One body moves over 30 yardsin T minutes
12 feet in b seconds. If their velocities are unif

b. How many times does the vel: eity 176
tain the velocity 2 miles per minute ?

6. A velocity of 20 miles per hour is » times a
per second. What is v ?

7. How many times does a velocity of 120 metre:
contain a velocity of 20 cm. per sec. ?

8. What is the measure of a velocity of 400
when the unit velocity is (1) a centimetre per second
metre per 2 seconds, (3) a centimetre per 4 second,
per second, (5) 4 centimetre per second ?

" 9. What is the measure of a velocity of 120 metres
when 20 centimetres per second is the unit of velocity

10, When 3 metres per 7 seconds is the unit of velocity, what is

~ the measure of a velocity of 126 cm. per 3 seconds ?
811, What is the measure of a velocity of 40 miles per hour when

Eheunit velogiby is (1) a foot per minute, (2) a foot per second,
per 2 minutes, (4) 2 feet per second ?
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12. A point has a uniform velocity of 8 f%t-'\peg'u
its displacement in 11 hours ? y } :

13. A point is moving with a uniform vaibciiiy.fg
second. What is its displacement in metres in 10 hours

14. A point moves uniformly in a straight line qf
feet per second. What is its displacement in miles in.

15. A point is moving uniformly at the rate 6f ¢ em. in “;
How far does it go in / hours ? ;

16. The velocity of a train is 15 miles per hour, Find (1)'}1'0 :
many minutes it will take to go 50 yards, (2) how many seconds j
will take to go 25 feet,. Bt

17. The velocity of a point is a feet
does it take it to go ¢ miles ?

per b seconds.  How long

7. Velocity at an Instant.

An instant of time has no duration :md' therefore, ": _-f
while a point may be said to have a velocity at any &=

1 F time 1 roduce
given instant, an interval of time is necessary to p R
am =
a finite displacement, however small. ‘For ex fpt 5
alling h may said to have a velocity of 10 feet per &
falling body may be said to ve : i
second at the instant it comes in con.tact v}xl B
but at that instant its displacement 1s ]}Ot 111’]1; £y
meant is, that if the body were to cfmtmuet > i
one second with the velocity which it 3113}»‘: idgelncnt E10
i i ave a disple
it strikes the ground, it would have 1
feet.
8. Average Velocity.
When a point is moving with a :
v el dven inst
average velocity for any given sint which has 8t
the uniform velocity of another plom
total displacement in the interval.

iy, 08
yriable velocitys i
Sk (IS
nt of time el
i 13111!%1

» given mterval is ohtained by dividing the meq

- measure of the interval,

 displacement, ¢ the number

interval, and » the measure of the

VELOCITY, 7

Hence the measure of the average velocity during 4

of
]’;_‘/ f‘he

S1Tre

the distance traversed during that interys]

Thus, if s i the number of units ip

of units “of tfime in

the total

i1
uie

average velocity, »—2.

If the velocity is inereasing or deereasing uniformly.

- the average veloeity for any given interval is the velo-
 city at the middle instant of the interval.
- half the sum of the velocities

This equals
at the initial and the final
instants of the interval,

If % is the measure of the velocity at the initial, and »

the measure of the velocity at the final instant,

. w+v
the average veloeity = -

>

-

and if { is the measure of the interval, and s the measure
of the displacement,

9. Measure of Variable Velocity.

If a point is moving with.a varying velocity its actual
velocity at a given instant may be defined as the average
velocity during an infinitely short interval containing
that instant,

A variable velocity may, therefore, be approximately
measured by determining the average velocity for an in-
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terval containing the instant. It is manifest th
accuracy of the determination will depend upon thy

of the interval. The shorter the interval the m

rate is the result. - For example, the speed of a

car at a certain instant cannot be accurately deter

by taking the average velocity between twe sto b
places; but, if the space traversed by the car in a ver
short interval containing the instant is observed, an
the average velocity for the instant caleulated, the resu
will be approximately the velocity of the car ab the
instant. 5

EXERCISE II.

1. A point has displacements of 3 feet, 4 feet, 5 feet, and 6 feet

in four consecutive seconds. What is its average velocity ?

2. A point has displacements of 9 cm., 10 e¢m., 11 cm., and 12
em. in four cor ive seconds, Find its average velocity (1) for
the four seconds, (2) for the first three seconds, (3) for the last three
seconds.

. A point is displaced 5 em., 3 em., 1 em,, —1 cm., —3em.
What is its average velocity (1) for the
or the last three seconds,

B - n o et
4. A point has displacements of 2 feet, 6 feet, 10 feet, 14 ff: - ‘;
and 18 f in fiv secutive seconds. Show thab the m:lm,,e-
; : e

s for the five seconds, the middle second, and the thr

onds, are all equal.

- . A . . rolocity has 8
jint moving with a uniformly increasing Ve ‘:‘ILJ_' o)
of a certain interva
end of the
b, during

\'L‘ll'lL‘ A
of b

the int

el
i e

VELOCITY. 9

6. A point moving with a uniformly decreasing velocity has a

 velocity of 60 em. per second at the beginning of a certain interval
-~ of 10 seconds, and a velocity of 10 cm. per second at the end of the
* interval. Find (1) the velocity at the middle instant of the interval,
~ (2) the displacement during the interval. :

7. A point has a velocity of 10 em. per second at the beginning,

~and 12 cm. per second at the end of a certain second. If its velo-
~ city is increasing uniformly, find (1) its velocity at the end of t!
~ seconds more, (2) its average velocity for the four seconds, (3) its

displacement for the four seconds.

8. In one hour the velocity of a point decreases uniformly from
200 feet per second to 100 feet per second. What is the velocity

- ab the end of each quarter of an hour, and what is the total dis-

placement during the hour ?

9. At 9 A a point is moving with a velocity of 40 em. per
‘second, and at 1 p.ar. it has a veloeity of 120 cm. per s . I
it moves with a uniformly increasing velocity, what veloc
have at 11.30 a.n.?

10. At 1 ».ar a point has a velocity of 60 feet per second, and
in one minute its velocity increases to 65 feet per second.
velocity continues to increase uniformly at the same
its velocity at 2.15 P.M., (2) how far it goes between 1.1
P.M., (3) how far it goes between 2.10 and 2.15 p..

11. A point is moving with a uniformly decreasing mot
the beginning of a certain second its velocity is 20 feet per s -
and at the end of the same second its velocity is 18 feet per second.
When will it come to rest? How far will it go during the second
before it comes to rest ?

12. A point is moving ab a given instant with a veloeity of 8 feet
per second. At the end of b seconds its velocity is 19 feeb per
second. When will it have a velocity of (1)16.8 feet per second, (2)
30 feet per second ¥

13. A point, starting from vest, has its velocity increased uniform-
ly b feet per second each second. Find (1) the velocity at the end
of 10 seconds, (2) the displacement of the point during that time.
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14. A point which has a velocity of 80 centimetres 5
has its velocity uniformly decreased by 4 em. per second eﬁf
How long before it will come to rest, and how f: il i
ing the time ? : b

15. The velocity of a point increases uniformly in 10
from 150 em. per second to 200 em. per second, Find 1y
of increase in velocity, (2) the displacement during the 5 ) the

16. A train moving with a velocity of 60 kilometres r:]i"
pulled up with a uniformly decreasing velocity in 30 Becmrl'eda. &

is the decrease in velocity duri i -
5 y during each second in centi
second ? g

e:s

S e CHAPTER 1I.

ACCELERATION.

i 'U'nifo;'m Acceleration.
[f the motion of a point is changing, the point is said
e accelerated positively or negatively, according as
its velocity is increasing or diminishing.
Rate of change of velocity is called Acceleration.
The acceleration is uniform when equal changes of
velocity take place in equal intervals of time, however
ort these intervals may be.
4 o b
easure of Uniform Acceleration.
Since acceleration is the rate of change of veloeity, or
e change of velocity in a unit of time, acceleration is

~ measured by a unit of acceleration derived from the unit

of velocity and the unit of time.

The unit acceleration is the acceleration of a point,

the motion of which is such that its velocity is in-
 creased, or diminished, by the unit of velocity in each
~ unit of time.

Tor example, if the centimetre is taken as the unit of
length and the second as the unit of time, the unit
velocity is the centimetre per second, and the unit
acceleration the centimetre per second per second.
An aceeleration of 1 em. per second per second is a change
in velocity, during one second, of one centimetre per
second; an acceleration of 2 em. per second per second is

(il
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a change in velocity, during one second, of twe
cond; and an acceleration of 2 af
ond, a change in velocity, duting one S600]

metres pe

> of the change in velocity of a poin

the measure of which 187 is't'}i

5 SR Pl

m ge of velocity in a unit of tim
Then, if @ is the o re of the acceleration, or rate o
cha, of velocity, g

or v=a t.

b1s, the measure of the liniform acceleration of a

; during ven interval of time is i

oint; o 2rva, ¢ is obtained b
d_md_mg the measure of the -
that interva] by the measure of the interval,

or

the meagure of th
measure-of the acce
of the interva]

e ch_a.nge in velocity equals the
leration multiplied by the measure

eleration of 10 units of

; vill it acquire in a minute ?
TN unijtg of veloeity per minute?
eration of 10 feet per
ange in veloeity in a
acceleration in feet per

the total e,
re of the

3

change of velocity during

If its velocity is uniformly accelerated, find (1) the v

B s

ACCELERATION, 13

8. What velocity will a body acquire in half an honr if the
~ acceleration is (1) 10 centimetres per second per minute, (2) 10
- centimetres per second per second 1

4. A point is travelling with an acceleration of 12 feet per second
per hour. Find (1) what will be its change in velocity in a minute,
2) the measure of its acceleration in feet per second per second ?

8. A train acquires a velocity of 30 feet per second in one hour.
] ity whick
it will acquire in one minute, (2) the measure of its acceleration in

{feet per second per second.
B 6 A point is travelling with an acceleration of 12 f per

_second per hour, How long will it take it to acquire a v y of
feet per second 1

7. A train, moving with a uniform acceleration, acquires a
velocity of 75 feet per second in a quarter of a minute. How long
will it take it to acquire a velocity of 100 yards per minute ?

8. A point, moving with a uniform acceleration, acquires a

- velocity of 60 feet per second in 10 minutes. What is the n

its acceleration in (1) feet per second per minute, (2) yards per
per minute, (3) feet per second per second, (4) yards per second per
second {

9. A point, travelling with a uniform acceleration, has its
velocity increased 50 metres per second each minute. What is the
measure of the acceleration in (1) metres per second per minute, (2)
centimetres per second per minute, (3) metres per second per second,
(4) centimetres per second per second ?

- 10. A train, moving with a uniform acceleration, acquires an
additional velocity of 60 feet per second each minute. Find (1) the
measure of its acceleration in feet per second per second, (2) the
measure of the velocity it acquires each minute in feet per minute,
(3) the measure of the acceleration in feet per minute per minute,
(4) the measure of the acceleration in feet per minute per second.

1 A point is moving with a uniform acceleration and acquires an
additional velocity of 20 cm, per second each second. Find the
measure of the acceleration in (1) centimetres per second per
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minute, (2) ©
e per minub

nd pe

minub a1
acceleration of 30 feet per seco
cement and of time are respe

2) the foot and the minute ?

l'\r;"l‘
12. Whati

of

m when the yard is the unj

of this ele £
nit of time ¥

niinute Eax
ration due 50 of a body is 980 centimetres
1 What > measure of this acceleration

ment and the minute the unig

ond per minute

second.

eration of 5 feet per second per

1 of 18 feet per minute per minute 7

ure of an acceleration of 5 feek per second

feet per minute minute is the unit of ac-

f which the measure is 150 when
e the unit of time
25 when the foot is the

ud the unit of time,

on of 150 yards per
et per second per

iven a geries of

rich exist among

: r f'tiug to uniformly

3 l_"“ now derive equations
hese relationg,

s per minute per minute, (3) metres pop.
".4-‘ metres per minute per second, (5) ‘etreg
(4) me &

ACUELERATION, 15

Let @ be the measure of the acceleration of a point

moving with a uniform acceleration.
¢, the measure of any interval of time in its motion.

8, the measure of the displacement for the in-
terval.

u, the measure of the velocity of the point at the
beginning of the interval.

v, the measure of the velocity of the point at the
end of the interval,

L _ the change in velocity in one unit of time,

=the rate of change in velocity,
= ﬂ’
v=u+tat === (LE

If the point starts from rest, w—=0¢ and v=qa ¢

Therefore, if the acceleration remains constant,

Wt

Again, since the velocity increases or decreases uni-

formly,

the average velocity — the velocity at the middle in-
stant of the interval,
= half the sum of the initial ani
the final velocities,
w+v

STy
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But the displa
(Art. 8, page 7).

coment = the average velocity x time!
Therefore,

__uj-__Vt......ii.).
P [ 2 ]

cuhetituting the value for v given i (i.) for v in (ii),
Substituting

we have, p

w a ]

N_r?.' +_),,4:_ i)

(ii.).
or,

It should be carefully noted that when the initial

g=ubttiath .U

velocity Is in the opposite direction to the acceleration,?
hat is when  and a are of opposite signs, the value of &

| in this equation does not always indicate the

e distance travelled by the point during the interval

but simply the distance between its positions at
beginning and at the end of the interval.

If the point starts from rest, w=0, and
s=1atd
Therefore, if the acceleration is constant,
8 o 12
V=4 +aif

Vol

a

e (-2% "f*] /

alue for ¢ given in (i) for ¢ in (ii),

}“mm (j}‘J

hllljsmulmg the v

-__herefore, if the acceleration is constant,

8ec 2,

It will be noticed that each of the equations,

YSWkia s st e - @k
= {fugsy i

S o

s=u t—|-§ a t? : : - (iii.)-

. @w)

gives the relation among four of the five quantities u, v,

t, a, and g, and that, if any three of these are known, the

values of the other two may be derived from the
equations,

Vi=u 2ag sl e

EXERCISE IV.

1. What is the initial velocity of a point which, meving with a
uniform acceleration of 10 centimetres per second per second,
acquires in 10 seconds a velocity of 200 centimetres per second !

2. A body, moving at a certain instant with a velocity of 30 miles
per hour, is subject to a uniform acceleration in the opposite direc-
tion, and comes to rest in 11 seconds. What was the measure of
its velocity, in feet per second, b seconds befure it stopped ¢
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s Find the initial velocity of a point which moves with A uni.
eration of 20 centimetres per second per second, apg

Juires a velocity of 15 centimetres per second in 10 seconds, In-§
acquires ¢ : |

form accel

terpret the result.
& The velocity of a point increases uniformly in 20 secondy
2 - o

from 100 contimetres per second to 200 centimetres per second
1r0l LU - .

ind (1) the measure of the acceleration in centimetres per second
(2) the velocity three seconds after it was 150 centi.

metres per second, (3) when the body was at rest,

5. A point, which has an acceleration of 32 feet per second per
second. is movine with a velocity of 10 feet per second. At the same
place and at the same time another point, which has an acceleration

of 16 feet per second per second, is moving in the same direction |

with a velocity of 170 feet per second. Find (1) when the two .
points will have equal velocities, (2) when the velocity of the second
will be double that of the first.

6. A body, moving with a velocity of 5 centimetres per second,
has a constant acceleration of 10 centimetres per second per se'cond
mn the direction of its motion. Find (1) how far it will go in 10
seconds, (2) how lone it will take it to go 10 centimetres.

7. A body starts with a velocity of 15 centimetres per second,
and has a constant acceleration of 10 centimetres per se;;cond p:;
second in the opposite direction. When and where will it come
rest?
rm acceleration
» the hody goe8
10W far it goes

8. A }anf]_}', EBai‘I'iIJg fI‘OI!l 1‘(:.-51;, moves wit}l & Hnif(
of 20 feet per second per second. Find (1) how fa
2) how far it goes in five seconds, (3) !
in the fifth second.

in 4 seconds

has &
- ‘ 6 op second and

9. A body starts with a velocity of 6 feet per BECORZ T . o
econd in the direc
afion Ce
1ing ©

uniform acceleration of 3 feet per second per § 2508
of its motion. At the end of four seconds the accelel

? =5y : , hegin!

How far does the body move in 10 seconds from the

its motion ¢ from
" o 1‘

: oint, starting

10. With what uniform acceleration does a poinb, ®

rest, describe 640 feet in 8 seconds ?

T

o8

ACORLERATION, 19

1 A point, starting from rest and moving with a uniform ac-
::elerat.lon, has a displacement of 66 feet, in the 6th second. What
is the measure of the acceleration in feet per second per second
and what is its displacement in the 7th second 7 ;

12. A body, moving with a uniform acceleration, has displace-
ments in the 4th and the 6th seconds from starting of 38 feet and
54 feob respectively. Find (1) the acceleration, (2) the nitial
velocity, (3) the displacement in the 7th second.

13. A particle, moving with a uniform acceleration, has a dis-
placement of 30 centimetres in the first 2 seconds of its motion.
The acceleration then ceases, and the displacement for the next 2
seconds is 20 centimetres. Find (1) the initial velocity, (2) the
acceleration,

14. A train, having a velocity of 20 feet per second, attains a
velocity of 30 miles per hour in passing over 128 fect. If the train
is moving with a uniform acceleration, what is its aceeleration ?

15. A trolley car, moving at the rate of 24 feet per second, is
stopped with a uniformly decreasing motion in a space of 9 feet.
What is the acceleration of the car?

16. A particle starts with a velocity of 28 feet per second, and
its velocity is uniformly decreased at the rate of 8 feet per second
per second. Find how long it will take it to deseribe a distance of
30 feet, and how much longer to come to rest,

17. The displacement of a point moving with a uniformly de-
creasing motion is 100 metres in 10 seconds, and 100 metres in the

next 12 seconds, In what time will it be 100 metres further on ?

18. What is the velocity of a particle which, starting from rest
and moving with a uniform acceleration of 8 feet per second per
second, has traversed 100 feet? Find also the time required for
this displacement.

19. A point which has a negative uniferm acceleration of 10
centimetres per st cond per second is passing a certain puillﬂ, and a.t
the end of 15 centimetres farther on it has a velocity of 10 centi-
metres per second. Find (1) its velocity at the peint, (2)in how
many seconds it will reburn to this poing,




