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Chapter 1
Measurements

By PresenterMedia.com



http://www.presentermedia.com/mspp.html

Physical Quantities

Physics is based on measurement of Physical Quantities.

For example: length, time, mass, temperature, pressure.

@I Qu@\

Base quantities Derived quantities

Assumed to be independent Defined in terms of base
of each other. guantities via equations.
Length, mass and time. Velocity = Length

Time




Physical Quantities

Physical
Quantity

oo ] fcqmon) (L ]

Velocity : Vv m/s

V= Length/time




The International System of Units (SI)

Based on the General Conference on Weight and Measurements In 1971.

Base
Quantities

Units of base
quantities

Standards of
base quantities

Physical Nameof Abbreviation
Quantity Unit

| mas| Kiogram | Ky
| tengn| mewr | m

| rime| second | s




Standards of Base Quantities

Length:

A meter is the
length of the path
traveled by Light
In @ vacuum
during a time
interval of
1/299792458 of a
second.

Time:

A Second is the
time taken by
9192631770
oscillations of the
light (of specified
WENE en%th)
emitted by

cesium-133 atom.

Mass:

A kilogram is the
mass of a
paltinum-irradium
cylinder 3.9 cm in
height and
diameter kept
near Paris.




Scientific Notations

For large or small numbers

»3560000000.0m =3.56x190 m

»0.00000492s =4.92x10 s




Scientific Notations
- Example

Express 0.00592 in scientific notation.
a) 5.92 x 103

b) 5.92 x 103

c) 5.92 x 10~

d) 5.92 x 10

e) 5.92 x 10°




Scientific Notations
- Example

Express 0.00592 in scientific notation.
a) 5.92 x 103

b) 5.92 x 103

c) 5.92 x 10~

d) 5.92 x 10

e) 5.92 x 10°




Scientific Notations

Using prefixes

356x109m  8iga ~> 3.56 Gm

492x10°"s =492 s




Prefixes for Sl Units

Factor

1024
102!
1018
1015
1012
10°
10°
103

Prefix®

yotta-
zetta-
exa-
peta-
tera-
giga-
mega-
kilo-
hecto-
deka-
deci-
centi-
muilli-
micro-
nano-

pico-

femto-
atto-

zepto-
yocto-

“ NPT EREeal 0 v NK

“The most frequently used prefixes are
shown in bold type.




Conversion between units

Chain-link conversion

Convert 2 minto s?

Conversion factor:
is the ratio of units
that equal unity
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Unit Conversion
- Example

Convert 2 s to min?

a) 120 min

b) 0.333x 102 min
c) 60 min

d) 3.33 x 10~2 min




Unit Conversion
- Example

Convert 2 s to min?

a) 120 min

b) 0.333x 102 min
c) 60 min

d) 3.33 x 10~2 min




Objectives

After this lecture you should be able to...

Between base and derived quantities

w Standards of measurements
w The International system of units

Convert ﬁ Units using the chain-link method

Apply ‘;> The scientific notation to numbers
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Metlion Aleong & Straight Line

By: Dr Wajood Diery

Ad =t +%at2

v, =y, +at
2 1 '&} 3

v; = v +2a(Ad)



2-1 position and displacement,
And Average Velocity

To locate an object means to find it’s position relative to reference point
origin ( or zero point ) of an axis .

Positive
direction *
I :1- ﬁ'— . | Positive direction
iL Negative direction )
.. T
origin — O
& } | | | | | | | I(II])
l-' -3 2 -1 0 1 2 :
) (Jriginj
Negative
i

direction



position and displacement

*Position: x
Unit: m.

Positive direction

X=-2m —

. .\Icga tve direction .
1 | | 1 1 x (m)

-3 =2 <1 0 | 2 3
Origin/ X=3m




position and displacement

If the particle move from the POSition X, to the position x,

X2 31
| |. L1 () AX=(-2)-(2)=-4m
309 -1 0 1 2 3
/ AX = 4m to the left
()rigiu

mmmm) Displacement : Ax= x>-x1

« Unit: m.

*It is a vector quantity: has magnitude and direction.
* Direction: if Ax is positive = moving to the right
if Ax is negative = moving to the left

Distance : d

It is a scalar quantity: has no direction.



What is the difference between
displacement and distance?

if a particle moves from x =0 m to x= 200m and then back to x=100m

d=200+100=300 m Ax=100-0=100 m
To the right
x=100m
<€
>

X= x=200m



Average velocity and average speed

Average velocity

OThe ratio of displacement that occurs during a particular time
interval to that interval.

@ AX X, =X

avg — a. t 6

At t, -1, [ e &

@ Unit of is m/s. (5o ;55‘
@Vavg is a vector quantity. X1 . X2

- if it is positive = moving to the right
if itis negative = moving to the left



Average velocity and average speed

Average speed S,

=-The ratio of total distance that occurs during a particular time
interval to that interval

>S total distance

> Unitof S, is m/s

¥ S, 1S a scalar quantity



Sample Problem I201

You drive a beat-up pickup truck along a straight road
for 8.4 km at 70 kmd'h, at wiliach poant the truck runs out
ol gasohine and stops Chver the next 30 min., vou walk an-
other 2.0 km farther along the road to a gasohne station.

(a) What s vour overall displacement from the begmn-
mng of vour drive to vour arrival at the station’”

Ax = X, — X4
=10.4-0
=10.4km ot

driving
8.4km

2km
30min

X2=8.4+2
=10.4km



(b)) What 15 the time mterval Ar from the beginnming of
vour drive to yvour arrival at the station?

At.-Atet At

Ax drv

v —
avg,drv A tdrv

Ax
Atdrv= drv 84
Vdarv 70

Atwa|k=30min=0.5h
At..0.12+0.5=0.62h




What 1s your average velocity v,,, from the begin-
g of vour drive to vour arnival at the station” Find 1t

both nume rically and grapcally.

. B AXtot 70km/n
avg, T 8.4km
T Aty

10.4

0.62
17km/h



() Suppose that to pump the gasoline. pay for at. and
walk back to the truck takes vou another 45 nmun. What
15 vour average spead from the beginmng of vour drive
to vour return to the truck with the gasolhine™”

total distance

S — _
“rg total time

84+ 2+ 2 W

- 0.12+ 05+ 0.75 30min=0.5

70km/h

=01 km/h =0.12h criving



2-2 Instantaneous velocity and speed

Instantaneous velocity v
Velocity at any instant.

AX  dx

1] v=lim—=—
L M = 4

Unit is m/s
It is a vector quantity

-if v is positive = moving to the right
if vis negative = moving to the left

Instantaneous speed s
S is the magnitude of velocity



Problem 15 p30
The position of a particle moving on an x axis is given by

x = 18t + 0.5¢3

With x in meter and t in second.
Calculate a)the instantaneous velocity at t=2s?
Is the velocity constant or is it continuously changing?

dx
V= =18 + 0.5 (3)t? = 18 + 1.5¢2
vatt = 2s v=18 + 15(2)2 =24m/s

the velocity is continuously changing because it
depends on time



b) The average velocity between t=2s and t=3s?

® , - AX _ X=X
OOAt t, -t
x = 18t + 0.5¢°

att; = 2s - x; = 18(2) + 0.5(2)%= 40m

att, = 3s - x, = 18(3) + 0.5(3)°= 67.5m

67.5 — 40
Vavg = 3 _ 1

= 27.5m/s



2-3 Acceleration

When an object’s velocity changes ( magnitude, or
direction),We say the particle undergoes an acceleration.

50m/s

— |

Average Acceleration Instantaneous Acceleration




Average Acceleration

« is the ratio of a change in velocity to the time Vv,
Interval in which the change occurs.

AV Vv, -V
Attt

|

*  Unit:m/s’

* |t is a vector quantity.



Instantaneous Acceleration

a-|i Av  dv
= =M A~ g
b . 2
= Unit: m/s dv
: . dt
m) It Is a vector quantity.
= a:ﬂ but v:%
dt dt
d dx, d°xX
a= 9% -3

dt dt dt®



Acceleration and dv/dt

A particle’s position on the x axis of Fig. 2-1 i1s given by
x =4 — 27t + 3,
with x in meters and 7 1n seconds.

(a) Because position x depends on time 7, the particle must
be moving. Find the particle’s velocity function v(¢) and ac-
Celerati(&& function a(?).

V=E=O—Z7+3t2 v = —27 + 3t?
_av
a_dt —O+(3)(2)t:6t
(b) Isthere ever a time when v = 0?
v =—27 + 3t?

t=7?2?2 v=0 > 0=-27+ 3t* t = +3s



To the left

——
l upward

downward . . >
M@tl@[\. M\/-@t!@n To the right

In negative direction | In positive direction

Velocity increase Velocity increases

o

&>

Velocity decreases Velocity decrease

S | S




2-4 Constant acceleration

- Constant acceleration does not mean the velocity
is constant, it means the velocity changes with
constant rate.

<~ Constant acceleration does not mean a=0.
If a=0 = v is constant.



Equations of motion

Equation

2

X_

V =

V=V, +at

1
X, :vot+5at2

Vi +2a(x—X,)

X — X, :%(vo+v)t

1
X — X, :vt—aat2

Xy — Initial position
X — final position

X — Xy — displacment

V5 — Initial velocity
V — final velocity
T — time

ad — Constant acceleration




)

R
KEMEM g

—

—
—

@ when the object starts from rest | =V, =0

@ when the object stops |=>V =0

@ x, =0 unlesssomethingelsementionedin the problem.



A particle confined to motion along an x axis moves with
constant acceleration| from x = 2.0 m to x = 8.0 m during a 2.5 s
time interval. The velocity of the particle at x = 8.0 m 1s 2.8 m/s.
What is the constant acceleration during this time interval?

Xo=2m x=8m t=255s v=28m/s V=V, +al

a =?7? x—xozvot+%at2
1

X_XO :Vt—Eatz V2=V§+23(X—XO)

8—2=1(2.8)(2.5) — %a(Z.S)Z X—Xo:%(Vo +V)t

x—xozvt—lat2
a = 0.32m/s> 2



Page 30

An electron, starting from rest and moving with ajconstant ac-
celeration|travels 2.00 cm in 5.00 ms. What is the magnitude of this
acceleration?

fromrest v, =0

V=V, +at
X, =0 x=2cm = 0.02m t = 5ms = 0.005s ,
X=X, =Vt +=at”
2

a =77 1, v2:V§+2a(x—x0)
X_XO :V0t+5at ,

1 R
0.02 — 0 = 0(0.005) + E(,1(0_005)2 X=X, 2(v0+v)t
x—xozvt—%at2
a = 1600m/s*



2-5 Free fall acceleration

i

Q Free fall is the motion of an object under influence
of Gravity and ignoring any other effects such as air
resistance.

 All objects in free fall accelerate downward at the
same rate and it is independent of the object’s mass,
density or shape.

[ This acceleration is called the free-fall acceleration.

d/g=9.8m/s* downward




Eaquations of motion

* The motion along y axis X — y
) a — —g

V=V, +at — V=V, — gt
x—Xo=VOt+%at2 R Y= Yo =Vet = gt’
2 2
Vi =\ +2a(x—-X) — V2 =\ —29(y—Y,)
1
x—xozé(voJrv)t - y_VOZE(VOJFV)t
x—xozvt—%at2 — y—yozthr%gt2
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CHEHerR

AR

—

* When substituting for g in the equations

g =9.8m/s.

* when the object is moving up (ascent).
*When the object is moving down (descent)

Max height

®
o

|
. .
Vis+wve ¢\P/|s—ve
decreasing increasing
I
|
AY IS + Ve

Q=@ = 0-—-0-
-
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33 A stone 1s thrown from the top of a building with an nitial ve-
locity of 20 m/s downward. The top of the building 1s 60 m above
the ground. How much time elapses between the instant of release
and the instant of impact with the ground?

v, =—20m/s y, =0 y=—-60m 8= 9.8m/s2 t =77
1, A
Y= Yo =Vol =7 0t
2 60m
0= — _1 2
-60 — 0 = =20t — - (9.8)t vt
1
t = 2s y‘yoz"ot‘ggtz
" v =y, -20(y-Yy)
1
y—y0=§(v0+v)t
1
y—yO—vt+Egt




Sample Problem 2.05 Time for full up-down flight, baseball toss

In Fig. 2-13, a pitcher tosses a baseball up along a y axis, with
an initial speed of 12 m/s.

(a) How long does the ball take to reach it maximum height’

v=0 1v,=12m/s g=9.8m/s* t =27

Ball y
V:VO_gt ..,..1—/’//}3;“—
highest point :I
0=12—(9.8)¢ t =1.2s !
(b) What is the ball’s maximum height above its release point? : ;\¥
y=77 yozo v=20 v0=12m/S 8= 9'8m/52 \?i
2 V=V, — i:
v* =V, —29(Y— o) y _Vgtt_;gtz Y
0 — Vo 2 |: _
0 = (12)2-2(9.8)(y — 0) v =\—20(yy0) < | =1
y = 7 3m y—yo=%(vo+v)t =
1, |
y‘Yo:Vt"'Egt Z




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

above its release point? illl\g 34l
y — Sm yo — O UO — 12m/S gz 9.8m/52 highest point ii
=5 —:i—— y =5m
t =77 ¢ 20535 \ t=19s
1, |
2 !
1 , |
5—-0=12t — 5(9.8)1& !
¢ |
¢

t =0.53 t=1.9

v=V,—0t

1
y—yo=vot—§gt2
Vi =\ —29(y - Yo)

1
Y= Yo =5 (V)

y—y0=vt+%gt2
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_ VECTORS 1



3-1 VECTORS AND THEIR COMPONENTS

Vectors and Scalars

Physical Quantities

\

[

+

(

magnitude

+

!

\

direction

Follow certain rules
of addition and
multiplication

\

Scalar Quantities

\

(

\

+Ve Number

-Ve Number

!

Follow the rules of
ordinary algebra




Vectors

( A \
Adding Vectors Multiplying Vectors
| |
( \ ( \
Geometrically By Components By scalar By a vector
*Adding vectors. * resolving a vector. \

( \

Scalar vector
Product Product

e Commutative Law.
e Associative Law.
e \Vector Subtraction.

* unit vectors.
*Adding vectors.




Adding Vectors Geometrically

* Draw the first vector.

* From the end of the first vector draw the second vector.

* Andsoon.

* Draw a line from the start point to the end point and this will be the Sum or resultant.

b.

g
a

=1
ol

* Vector equation | mmm) ¢ = 7 + P,




e Commutative Law




e Associative Law




e \Vector Subtraction

—b

2l



Components of Vectors

* Resolving the vector is the process of finding the components

A4

* Component is the projection of the vector on an axis

a ] a
=)  cosfd=-—> | sing=-L
a

a,=acosf and a,=asind




a, =acosd and a, =asind

a, =asina and a, =a cosa




10

* Writing a vector in magnitude- angle
notation

a:a anda,

\
( \

Magnitude Direction (angle)

a

2 2 ., a
d=Ja+a’ 0=t ()

e

The angle is measured from positive
X-axis.




_

(
a and @

!

* Finding the components.

\
( \

a, =acosd a, =asind

11

\
a, and a,

!

* Writing a vector in magnitude-
angle notation

\
( \

_ (a2, A2 a
a=ya.+a, 0 = tan (L)
a

X




12

a,:—ve,a,:+tve

a,:—ve,a,: —ve a

. —ve



north

i =t
| |
west (—— cast
south
SEPLEN]

North of east

West of south

13



Sample Problem 3.02

A small airplane leaves an airport on an overcast day
and is later sighted 215 km away, in a direction making
an angle of 22° east of due north. How far east and

north is the airplane from the airport when sighted?
d, = d cos §= (215 km)(cos 68°) ’L
200

= &1 km
d, = d sin § = (215 km}(sin 687)
= 199 km = 2.0 x 10° km.

Distance (km)
=

B ESNOR NGRS [ [ X
L0 100
- Distance (km)

14



3-2 UNIT VECTORS, ADDING VECTORS BY COMPONEN
Unit Vectors

* Unit vector is a vector of magnitude 1
and points in a particular direction

Vector Components
x \
(11

—
A

1~ |
a =jajy'+ @| -+-Ok.
* Writing a vector in Unit vector notation L= ,\];: =
l Scalar components

15



Adding vectors by Components
a= ayl+ ayj+ ak

i+ b,j+ bk

b Y

Il
.y
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Sample Problem 3.04

Figure 3-17a shows the following three vectors:

d@ = (42m)i — (1.5m)j,
b = (-1.6m)i + (2.9 m)],
and ¢ = (—3.7m)).

What is their vector sum r which is also shown?

4




3-3 MULTIPLYING VECTORS

Multiplying vectors

\

(

\

Multiplying a vector by a scalar

Multiplying a vector by a vector

\
( \

\

(

\

Scalar product
(or Dot product)

Vector product
(or cross product)

!

!

will produce a
scalar

will produce a new
vector

+ve scalar -ve scalar
will produce a new will produce a new
vector in the same vector in the
direction as the opposite direction
started vector of the started vector
a= 2t+3 a= 20+ 3f

2&= 4f+ 6A _2{1":_45_ 6j

18




Scalar (or Dot product)

\
(

If the two vectors are given in magnitude
and the angle between them

19

!

7
a/

\}____f< ¢

ll-I

\

If the two vectors are given in
unit vector notation




a-b= ab cos¢

&% The scalar product is commutative =% ~. , — . 4

—

& If the two vectors are parallel=» 9 =0 => a.b=ab

& If the two vectors are perpendicularesy 6 =90 = a.b =0

& If the two vectors are Antiparallel == 6 =180 = a.b=—ab

% Multiplying Unit vectors
ii=D@cos0=1

?] = (1)(1)cos90=0

20



The scalar product is
commutative

— —

a-b=b-a

the angle between
two vectors can be
found

a-b=ab cosh| —

Properties
Of the scalar
product

/

any two similar unit
vectors

=i =kk=1

any two different
unit vectors

A A A

] =ik =ki=0

f 6 =0 = dG.b=ab ™= vectors are parallel




22

Sample Problem 3.05

What is the angle ¢ between @ = 3.01 — 4.0j and b =—2.01 + 3.0k?



Vector (or Cross product)
)
(

\

If the two vectors are given in magnitude

If the two vectors are given in
and angle between them

unit vector notation

3 ¥

- a= al+ a,j+ ak
|n::><b|: lc|] = ab sin ¢ B
3 b = b+ byf+ b,k
The direction of the result vector -
1] Kk
A oo
axb =\|a a, a
b. b, b
(‘)— (I.X}), | ‘ . .
_:w(l\. a. +» |y A I; a, a,l
=11 ° -+ K
. b, bl '|b. b b. b,
-*‘«""i:\\ = (a,b; = 1)\.(1,)i +(3;0, = /)-u\)j
23 $ o ™ + (a:b, — /)‘(l\)l;




‘I{ix E_:;| = |c| = ab sin(b\

0 The scalar product is Anti-commutative ==  a X

——bX a

Sl

¢ If the two vectors are parallel =% 6 =0 =a xb=0 >

¢ If the two vectors are perpendicularesy 6 =90 = |a X E| =ab

O If the two vectors are Anti-parallel == 6=180 > ax b=0

¢ Multiplying Unit vectors

) o~y
[

— MD)sin0=0=piXi=]X]=kxk=0

NN

+ve

AN

i ]

— OOsing0=1 = ij=k

., jxk=1i kxi=]j




any two different
unit vectors

Anti- commutative

axX b=—bxX a

The small angle
between the two
vectors must be used
because the odd
property of the sin
function

laX b| = |c| = ab sing

Properties
of the Vector
product

any two similar unit
vectors

Ead

ixi=jxj=kxk=

0

If 6=0=>axb=0 ==
=180 > ax h=0 ==

6 =90 =|a ><E_:;|:ab =

vectors are parallel
vectors are anti parallel

vectors are perpendicular

25
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Sample Problem 3.07

[fd=3—4jand b = -21 + 3k, whatis T =@ X b?






Motion in Two Andl
Three Dimensions

BY DR. WAJOOD DIERY
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4-1 position and displacement
Position and displacement

Position

=X+ Yyj+zK

Displacement
AT =F, T,

L=xl+YyJ+zk andr, =x,1+Y,]+2Z,K )

AT =(X,1 + Y, ]+ 2,K) - (X1 + Y, ]+ Z,K)

Initial

AF :(XZ = Xl),l\ + (y2 - yl)] + (22 — Zl) R posi(ion-{l— s

~Later

R ~ A ~ Pauh:uf particle / Ar position
AF = AXi + Ay j+Azk S~——

/




Problem 3 page 73
An elementary particle is subjected to a displacement of
A¥ =2.01—4.0]+ 8.0k

ending with the position vector # =407 — 5.0k
What was the particle’s initial position vector ?



Sample Problem

A rabbit runs across a parking lot on which a set of
coordinate axes has, strangely enough, been drawn. The
coordinates (meters) of the rabbit’s position as func-
tions of time 1 (seconds) are given by

x = —031¢2 + 7.2t + 28 (4-5)
and y = 0222 — 9.1t + 30. (4-6)

(a) At = 15s, what is the rabbit’s position vector 7 in
unit-vector notation and in magnitude-angle notation?

y (m)

40

20}




4.2 Average velocity and instantaneous

velocity
Average velocity
. AT
'I-’“.E e ﬂ.!‘ a
1 + 1 e -k - - A
Fu-.g=mj Ay ﬂak=ﬂ.r1+£]+£k‘
Af A Ar A
Instantaneous velocity
dr i - - .
v=—01| but F=xi+y +:zk,
¥ 7 ¥}
Gl dx :  dy s  dz .
H + ey - =
1 ﬁrf {1.1 }] + l-:} & 1+ — £ + & k
L4 dy dz 3
Ay Mg Ty = jvs

vx; + \'}j + v:f(




The direction of the instantaneous velocity v of a particle is always tangent to the
particle’s path at the particle’s position.

1

Parh




Sample Problem m

For the rabbit in Sample Problem 4.01 find the velocity v
attimer = 15s. yem
40., ) N NS W SRS O < | R

20




4-3 Average Acceleration and Instantaneous
Acceleration

Average Acceleration

i Va— vy Av
:-Ir =} —_— —
wE Ai Al

Instantaneous Acceleration

=2 but |§= v+ \'}.j’ + v:f(

dt
d : dv dv. . v
v s ¥ S S -
By (val + v, j + v k) o] + i) + 4 k
dv dv dv

= % ¥ o il = | = : 3y -
o i1 == —— -+ -
x At ¥ iy i, TH a a.l a},] azk




Sample Problem

For the rabbit in Sample Problems 4.01 and 4.02 find the
acceleration @ attime ¢t = 15 s.

y (m)
40|

20




Problem 15 page 74

From the origin, a particle starts at t=0 s with a velocity

v=7.00 m/s and moves in the xy plane with a constant
acceleration of ¢ = —9.0 1 + 3.0 j (m/s?). At the time particle reaches

the maximum x coordinate, what Is it’s (a) velocity and (b) position
vector?

10



Sample Problem m

A particle with velocity v, = —2.01 + 4.0] (in meters
per second) at t = 0 undergoes a constant acceleration a
of magnitude a = 3.0 m/s? at an angle 6 = 130° from the
positive direction of the x axis. What 1s the particle’s
velocity v att = 5.0 s?

11



4.4 Projectile Motion

is the motion of a particle that is launched with an initial
Velocity V, and its acceleration is always the free fall
Acceleration -g.

15 ft

E 6} ,,‘-"“w’-: 60,
- - £ Sh :d:!u ".::’4
2 ; A 230 4
£ 7 | Y ) ek o s
- { \ A i 1 L :.»"' £ X
2A43Im , J £5400 h R Y 4
o 4 8 12 16
9m - Distance, ¥ (m)

12



Max. height

Projectile’s Path

< /I \ >
\
Launching point \ Landing point
)
\
\

13



14

Types of Projectiles

9 9




’———.--~

Vo = Vel T V).

Vor = Vo COS 6, Voy = Vo SIN 6,

In projectile motion, the horizontal motion and the vertical motion are independent
of each other; that is, neither motion affects the other.

15



Projectile motion

o~

Horizontal Motion

~

Vertical Motion

A Max. height .
No Force =y Gravity
1 L 1
V ” ~
y P g >
a, =0 /VJ \\ fly -9
* /’ 4 V
/ X %
| e ' $
Vo =Upc0s0, A, N Voy=Yo SN Gy
\
\
1 e W
Uy = Uy Ay Vo UL T8 Uy =Vpy— gt
l .,,’ N v}' =U0 Sin 90 - g t
4 N
/’ .
x —_ Uﬂxt /’ y \\
U \
! \ y = vyt — = gt?
- / \ y
X =vgcosbot| |, y , o 2
—

16
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Max. height Uy = 0

17

Maximum height (H)

b - (v, sin B)?

2g




Problem 22 page 74

A small ball rolls horizontally off the edge of a tabletop that is
1.50 m high. It strikes the floor at a point 1.52 m horizontally from
the table edge. (a) How long is the ball in the air? (b)What is its
speed at the instant it leaves the table?




Problem 32 page 75:
You throw a ball toward a wall at speed 25.0 m/s and at angle 8, =40.0°

above the horizontal (fig 4-26). The wall is distance d =22.0 m
from the release point of the ball.

(a)How far above the release point does the ball hit the wall? What
are the (b) horizontal and (c) vertical components of its velocity as it
hits the wall?

Figure 4-26

19



d)When it hits, has it passed the highest point on its trajectory?



The Horizontal Range

horizontal range R, which is the horizontal distance from the
launch point to the poimnt at which the particle returms to

the launch height, is

R =—sin 28,

Maximum range

ﬂﬂ = 45“ > Rmax =l;j

21
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Horizontal range (R) \
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The Equation of the Projectile Path (TRAJECTORY)

- ~
,’f \\\
’ N
.’ AN
I, \
’ )
/ \
U \
/ \
U \
I, \\
/ [ ]
U \
/ \
/ \
< I L >
2
gx
y = (tan By)x —

2(vgy cos 0;)?
This is the equation of a parabola, so the projectile path is parabolic

22



EXTERNAL EXAMPLE

Figure 4-16 shows a pirate ship 560 m from a fort de-
fending a harbor entrance. A defense cannon, located at
sea level, fires balls at initial speed vy, = 82 m/s.

(a) At what angle 6, from the horizontal must a ball be
fired to hit the ship?

(b) What is the maximum range of the cannonballs?

23



4-5 Uniform Circular Motion

A particle is in uniform circular motion if it travels around
a circle or circular arc at constant speed.

1-Velocity :

-magnitude constant v.

-direction :tangent to the circle in the
direction of motion.

2- Acceleration:

Why is the particle accelerating even though the speed does not vary?
2

- magnitude = v
r

- direction: toward the center.

- It is called Centripetal(meaning seeking center) acceleration

24




3- Period: is the time for a particle go around the circle once.
_ distance

Time = _
velocity
For one round = distance = circumference of the circle
27T

T=2""
25 Vv




26

V=-VI

v

<l




27

a=a,l+a,]
A II
d=-a] d =—al —aj
?-
2
Y =/
£
a=al o— «—0O—= éi:—a?
:

Q|
Il
Q



Sample Problem

What is the magnitude of the acceleration, in
g units, of a pilot whose aircraft enters a horizontal cir-
cular turn with a velocity of ¥, = (4001 + 500j) m/s
and 24.0 s later leaves the turn with a velocity of

v, = (—4001 — 5007) m/s? -

A=

28






/b

Reaction : Ballon
goes up

v

Action : Air rushes out

Newton’s First Law of Motion

~ Nesvton's first law is often called the law of
inariia

* Newton's First Law of Motion states—#An obyect
al rest will remain at rest, ar an object in motion
will remain in motion in a straight line at constant
speed, unless an extemal force is applied to it
and changes (15 state motion

By: Dr. Wajood Diery




5-1 Newton’s First and Second Law
What is Physics?

To study the motion of an object

L

We usually study the acceleration of this object

L

Acceleration is the changing in velocity

&

The cause of this changing is a Force




Newton’s First Law

If No Force acts on a body, the body’s velocity
cannot change; that is, the body cannot Accelerate.

or

4

If there is No Force that acts on the body

A

(

\

if the body is at rest, it stays at
rest

if the body is in motion, it stays
in motion with the same velocity
(same speed and direction)




Force

Thus, a force is measured by the acceleration it pmducés.

& Its Unit is Newton N .
& It isa Vector. |

If several forces act on a body

Alex F
Charles

Fm:FA_l_ g T

o Newton's First Law: If no ner force acts on a body ( f',:e, = (), the body’s velocity
cannot change; that is, the body cannot accelerate.
4



Mass

- Mass is an intrinsic characteristic of a body that relates a force F
applied on the body and the resulting acceleration a.

- Sl Unit is Kg.

- It is a scalar.




Newton’s second Law

The net force on a body is equal to the product of the body’s mass
and its acceleration.

F. =ma
A Fret
I:net,x — max |:net,y — rnay |:net,z = maz

o The acceleration component along a given axis is caused only by the sum of the
force components along that same axis, and not by force components along any
other axis.

1 N =(1kg)(1m/s?®) =1kg-m/s’

If F, =0=a=0= visconstant.
— —

At rest, constant velocity, equilibrium = F., =0




Free body diagram

1. Draw x and y coordinates.
2. The body is represented by a dot at the origin.
3. Each Force on the body is drawn as a vector arrow with

its tail on the bodly.



Sample Problem (5.01)

Figures 5-3a to ¢ show three situations in which one or
two forces act on a puck that moves over frictionless ice
along an x axis, in one-dimensional motion. The puck’s
mass is m = 0.20 kg. Forces F| and F, are directed along
the axis and have magnitudes F; =40N and F, =
2.0 N. Force F; is directed at angle § = 30° and has
magnitude F;= 1.0 N. In each situation, what is the
acceleration of the puck?




Sample Problem (5.02)

In the overhead view of Fig. 5-4a, a 2.0 kg cookie tin is
accelerated at 3.0 m/s? in the direction shown by @, over
a frictionless horizontal surface. The acceleration is
caused by three horizontal forces, only two of which are
shown: F; of magnitude 10 N and F, of magnitude 20 N.
What is the third force F. 1 In unit-vector notation and in
magnitude-angle notation?

(a)



5-2 Some pa

rAticuIar forces

|

Gravitational
force

It is the force that the
Earth exerts on any object,
It is directed toward the
center of the Earth.

Normal force

When a body presses
against a surface, the
surface deforms and
pushes on the body
with a normal force
perpendicular to the
contact surface.

Friction

The force that opposes
the motion.

Direction of
— {1 mpte(l
slide

—

\

Tension

This is the force
exerted by a rope
or a cable attached
to an object.

10




Gravitational force

|t is the force that the Earth exerts on any object .It is directed
toward the center of the Earth.

FI'U:"I:. v — M, _Fg 7 -"”{_H} .Fg = mg

F=— Hj — —mgi =mg

&

The weight W of a body is equal to the magnitude F, of the gravitational force
on the bodly.

w=|F,|=m ,
mass J J weight
- mass is constant. * weight is changeable, It depends on g.
* Unit: kg. * Unit: N.
1 [J ]




Normal force 1

)
| \

The body at rest or moving The body is moving
with constant velocity. If with acceleration
N
4 ' )
Block d=a
a=0 Direction y
l T e e of motion l
|:net =ma = Fnet —ma
F ¥ i
_ =Ma
Fnet,y — may y ) net,y y
N g 7 Direction E_F
|/ Pk |of motion N~ 'y +may
F.=F =m I
N = g =My . =mg +ma,
12 Y |:N — (g + ay)m




Tension

Tension has the following characteristics:
1. It is always directed along the rope.

2. It is always pulling the object.

3. It has the same value along the rope.

= i <k o

L) .--"'N

e
(f)



5-3 Applying Newton’s Laws

Newton’s Third Law

When two bodies interact by exerting forces on each other, the
forces are equal in magnitude and opposite in direction.

There is a horizontal force on the book from the crate denoted byF,.

and a horizontal force on the crate from the book denoted by IfCB

F.c = F.z (equal magnitude)

—

F.. =—F., (equal magnitude and oppositedirection)

Book Iiﬁ Crate C

(a)

Why the action and reaction force do not cancel each other? = -
BC B

B C

Action and reaction are called third-law force pair ®)




Fn :force from table on the Cantaloupe(action)

Force from cantaloupe on the table (reaction)

Cantal e (

. Table T

—

Cantaloupe pulls on the earth.(Reaction) W Fyearth pulls on Cantaloupe .(Action)
Earth E

15



Sample Problem (5.07): Acceleration of Block
pushing on Block

In Fig. 5-20a. a constant horizontal force Epp of magni-
tude 20 N is applied to block A of mass m,4 = 4.0 kg,

which pushes agamst block B of mass mp = 6.0 kg. The
blocks slide over a frictionless surface, along an x axis.

(a) What isthe acceleration of the blocks?

(b) What is the (horizontal) force Fy, on block B from
block A (Fig. 5-20¢)?

16



Recipe for the Application of Newton’s Laws of Motion for a

17

e W

o

single particle

|dentify all the forces that act on the particle. Label them on
the diagram and the direction of motion of the object if it is
moving.

Draw a free-body diagram for the object.

Check if there is any force needs to be resolved.

Write Newton 2ed law.

decide how many equations do you need, if its one-dimension,
need one equation, two-dimension ,you need two equations.

If the object at rest or moving with constant velocity, then the
acceleration is zero (a=0) along that axis, otherwise it a has a
value.

Add the forces along each axis Geometrically(i.e along x-axis: to
the right (+), to the left (-). Along y-axis :upward (+), downward
(-).

solve the equation to find the unknown.




Sample Problem 5.04: Cord accelerates box up a
ramp

In Fig. 5-16a, a cord pulls on a box of sea biscuits up
along a frictionless plane inclined at = 30°. The box
has mass m = 5.00 kg, and the force from the cord has
magnitude 7 = 25.0 N. What is the box’s acceleration
component a along the inclined plane?

18



Sample Problem (5.06): Forces within an elevator cab

X%
a%%% |

In Fig. 5-19a, a passenger of mass m = 72.2 kg stands on
a platform scale in an elevator cab. We are concerned

with the scale readings when the cab is stationary and
when it is moving up or down.

9

S

v"
55

9,

%

525
&
&5
050%"

S
S )
e

,’.

k.

.
a

(a) Find a general solution for the scale reading, what-
ever the vertical motion of the cab.

(b) What does the scale read if the cab is stationary or
moving upward at a constant 0.50 m/s?

19



(c) What does the scale read if the cab accelerates
upward at 3.20 m/s® and downward at 3.20 m/s*?

20



Recipe for the Application of Newton’s Laws of Motion
for a system of particles

1. ldentify all the forces that act on the system. Label them on the
diagram and the direction of motion of each object if they are
moving.

2. Remember that the system of two objects moves with the same

acceleration.

3. Choose one object to start with and follow the steps below:
a) Draw a free-body diagram for the object.
b) Check if there is any force need to be resolved.

c) Write Newton 2ed law.
d) decide how many equations do you need, if its one-dimension, need one equation, two-

dimension ,you need two equations.
e) If the object at rest or moving with constant velocity, then (a=0) the acceleration is zero

along that axis, otherwise a has a value.
f) simplify the equation you get and label it (1)

4.Now Apply step( 3) to the other object till you get another equation
and label (2).

5. Solve the two Equations to find the unknown.
21




Sample Problem 5.03: Block on table, block hanging

Figure 5-13 shows a block § (the sliding block) with Stiding

mass M = 3.3 kg. The block is free to move along a hori- .
zontal frictionless surface and connected, by a cord that o —\
wraps over a frictionless pulley, to a second block H =
(the hanging block), with mass m = 2.1 kg. The cord
and pulley have negligible masses compared to the
blocks (they are “massless™). The hanging block H falls
as the sliding block § accelerates to the right. Find (a)
the acceleration of block S, (b) the acceleration of block
H.and (c) the tension in the cord.

Frictionless
surface

| Hanging
block H

22
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6-2 | Friction

e Definition.
* |s it Bad or good?
e Cause of friction.

(b)



No fractional force

(a)
Static fractional force

The body does
not move

The body does
not move

The body does

not move

The body starts moving with acceleration

*The kinetic frictional force.

1:k = fs,max
| Maximum value of f;
= § [i, is approximately
v O | constant
R | 2
" |
g S .
oo |
= E | Break
| reakaway
0 el

Time



6-3 | Properties of Friction

Property 1. If the body does not move, then the static frictional force f, and

the component of F that is palallel to the surface balance each other. They
are equal in magnitude, and 7, is directed opposite that component of F.

Property 2. 'The magnitude of j_’; has a maximum value f, ... that is given by

_.ﬂ',ma.x = H‘.SFH!

where g, 1s the coefficient of static friction and F), is the magnitude of the
normal force on the body from the surface.

Property 3. If the body begins to slide along the surface, the magnitude of the
frictional force rapidly decreases to a value f; given by

fk = Py

where u, 1s the coefficient of Kinetic friction.
i Hn



U, Cofficientof staticfriction.

4, - Cofficientof kinetic friction.

* They are dimensionless.

*Their values must be determined experimentally.
*Their values depend on the properties of the body and
the surface.



{23

If the body starts moving with constant velocity
what is the magnitude of kinetic frictional force?




. How you can make this block move, given the
mass of the block and £ ?

A .,r.f.H

fs,max — :us I:N

S,MmaXx

44,Mg

YV =
F,

o

F >~ f

S,MmaxX

F > u,mg




Sample Problem 6.01 Angled force applied to an

initially stationary block

Figure (6-3 a) shows a force of magnitude F = 12 N applied to an 8.00 kg block at a
downward angle of 8 = 30.0 °. The coefficient of static friction between block and
floor is p, = 0.700 , the coefficient of kinetic friction is p, = 0.400. Does the block
begin to slide or does it remain stationary? What is the magnitude of the frlctlonal

force on the block?




6-5 | Uniform Circular Motion

A particle is in uniform circular motion if it travels
Around a circle or circular arc at constant speed.

If we apply Newton’s second law to analyze

uniform circular motion we conclude that:

There is an acceleration = there must be a force
produced that acceleration.



2

. Vv
-magnitude : F=ma=m—
r

- direction: toward the center.
- It is called Centripetal Force.

A centripetal force accelerates a body by changing the direction of the body's
velocity without changing the body's speed.

Centripetal force is not a new kind of force. It is simply
the net force that points from the rotating body to the
rotation center . Depending on the situation the
centripetal force can be friction, tension, or gravity.

10



e
f/"' Firiction

Friction Force is the centripetal force

Tension Force is the centripetal force

L !
. 4

""—_____—

» Gravity Force is the centripetal force



Problem 57p125

A puck of mass m = 1.50 kg slides in a circle of
radius r = 25.0 cm on a frictionless table while
attached to a hanging cylinder of mass M =
2.50 kg by means of a cord that extends
through a hole in the table ( Fig. 6-45). What
speed keeps the cylinder at rest?
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/.1 kinetic Energy

We define a new physical parameter to describe the state of motion of an
object of mass /m and speed v. We define its kinetic energy Kas

Sl unitis joule, symbol: J. 1ljoule =1J =1kg-m?s’



Problem 1 page 147

When accelerated along a straight line at 2.8 x 10 m/ s?in a
machine, an electron (mass m= 9.1 x 103! kg) has an initial speed
of 1.4 x 10’ m/ sand travels 5.8cm.

Find

(a) the final speed of the electron and

(b) the increase in its Kinetic energy.



/.2 Work and kinetic enerqy

Work Wis energy transferred to or from an object by means of a force acting on the
object. Energy transferred to the object is positive work. and energy transferred from
the object 1s negative work.

If energy Is transferred to the object = work (W) is positive.

If energy Is transferred from the object = work (/< 0) is negative.

Work has the SI unit of the joule, the same as kinetic energy



Finding an Expression for Work

W = Fdcos ¢ (work done by a constant force)

W=F-d

- Work has another unit
1T=1kg-m¥s?=1N-m = 0.738 ft-Ib.

Vo . Vv
Bead I
m ' o m
< x
Wire / >




W = Fd cos ¢ (work done by a constant force)

1- If the angle ¢ between the forceand displacmen=0° =W = Fd

3- If the angle ¢ between the forceand displacmen=90° =W =0 ‘

5- If the angle ¢ between the forceand displacmen=180° =W = —Fd




How to find the net Work done by several forces?

Net work done by several forces.

\

(

Find the work done by
each force and then
sum those works

W]_ — Fld
W2 — de
W3 — F3d

Wnet =W1+ W2+ W3+“'

Find the net forc( F,.;

then l

Wher = (Fnet)d cos @,

where ¢ is the angle between ﬁnet and d



Net Work: If we have several forces acting on a body
there are two methods that can be used to calculate the net work W,

Method 1: First calculate the work done by each force: W, by force F,
W, by force F,, and W_. by force F. . Then determine W, =W, + W, + W,

Method 2: Calculate first ¥ =F,+ F, + F, ; then determine W_, = F d.

net



Work-Kinetic Energy Theorem

1

AK =K, —K. =W_, W = Smv? = Smv}
Change in the kinetic | | net work done on
energy of a particle | | the particle

twW,>0>K,>K, = Energyincreases

If W,<0->K,<K, = Energy decreases



Sample Problem 7.02

Figure 7-4a shows two industrial spies sliding an initially
stationary 225 kg floor safe a displacement d of magni-
tude 8.50 m, straight toward their truck. The push F, of
spy 001 1s 12.0 N, directed at an angle of 30.0° down-
ward from the horizontal; the pull F, of spy 002 is
10.0 N, directed at 40.0” above the horizontal. The mag-
nitudes and directions of these forces do not change as
the safe moves, and the floor and safe make frictionless
contact.

(a) What is the net work done on the safe by forces F,
and F, during the displacement 47

10



(b) During the displacement, what is the work W done
on the safe by the gravitational force F and what 1s the
work Wy, done on the safe by the nmmal force Fy from
the floor?

(c) The safe 1s initially stationary. What 1s its speed vyat
the end of the 8.50 m displacement?

11



Sample Problem 7.03

During a storm, a crate of crepe is sliding across a slick,
oily parking lot through a displacement g = (—3.0 m)l
while a steady wind pushes against the crate with a

force F = (2.0 N)l + (—6.0 N)] The situation and coor-
dinate axes are shown in Fig. 7-5.

(a) How much work does this force do on the crate
during the displacement?

(b) If the crate has a kinetic energy of 10] at the
beginning of displacement d, what is its kinetic energy

at the end of d?

n

12



/-3 Work done by the gravitational force

W, = mgd cos ¢ {work done by gravitational force)

For a rising object, force F, is directed opposite the displacement d.

|4
W, = mgd cos 180° = mgd(—1) = —mgd. ;i

For falling object, force F, is directed along the displacement d 1’ -
I,

W, = mgd cos 0° = mgd(+1) = +mgd TA 4
13
!.’-



Problem 18 p. 148

In 1975 the roof of Monteria's Velodrome, with a
weight of 360 kN, was lifted by 10 cm so that it
could be centered.

-How much work was done on the roof by the forces
making the lift?



/-4 Work done by a spring force

x=0 ~ Block

attac hed

T’Te Spr'ng For-ce o |Wﬁ:“ to spring
Fig_ a shows a spring 1n 1ts relaxed state

0
()

In fig. b we pull one end of the spring and stretch 1t by an

X pmiti\'c n;

amount d. The spring resists by exerting a force F F, negatve 7
on our hand 1n the opposite direction. Fov ﬂh
| o '
(&)
In fig_ ¢ we push one end of the spring and compress _ |
it by an amount 4. Again the spring resists by Wﬂ@ F, posiive
exerting a force ¥ on our hand in the opposite l :

.. o
direction. ©

The spring force 1s given by

F.=—kd (Hooke's law)

15



F.=—kd (Hooke’s law)

-~ The minus sign in Eq. 7-20 indicates that the direction of the spring
force is alw ays GIJ-]J-DSI[E the direction of the dl&placement of the spring’

- The constant & 1s called the spring constant (or force constant)

= The Sl unit for k is the newton per meter.

d=x,—X% , Let x, =0and x, =X

F.=—fkx (Hooke’s law)




The Work Done by a Spring Force

W, = 2kx? — skx?

—If x. =X, <W +ve

Work W, is positive if the block ends up closer to the relaxed position (x = 0) than it
was initially. It is negative if the block ends up farther away from x = 0. It is zero if the
block ends up at the same distance from x = (.

It x; = 0 and if we call the final position x

W, = —Lkx?

&

17



Problem 27 p. 149

A spring and block are in the arrangement of
Fig. 7-10 when the block is pulled out to x=+4.0
cm, we must apply a force of magnitude 360 N
to hold it there. We pull the block to x=11 cm
and then release it. How much work does the
spring do on the block as the block moves from
Xl =t5.0 cm to (a) x = +3.0 cm, (b) x = -3.0 cm,
(c) x=-5.0cm, and (d) x=-9.0cm ?

x=1 7 Block
F.=0 ___/attached

L vossrrr Il o spring

X

0
L)

X p(m] tive I.f
= P

F, negative I

kmﬂﬁ

X —m

A T ga lll";i .

.f‘ Pl. r.\]Ti‘\'t'

s == g

18



/-6 Power

The time rate at which work is done by a force is said to be the power

& Average power

W
P = AG (average power)
& Instantaneous power
dW :
e (instanlaneous power ),

dt

Unit of P: The SI unit of power 1s the watt. It 1s defined as the power
of an engine that doeswork W =1J inatimef = 1 second.

A commonly used non-SI power unit 1s the horsepower (hp), defined as
1 hp=746 W.



The kilowatt-hour The kilowatt-hour (kWh) 1s a umit of work_ It 1s defined
as the work performed by an engine of power P = 1000 W in a time # = 1 hour,

W =Pt =1000x3600 = 3.60x10° J. The kWh is used by electrical utility

companies {check your latest electric bill).

—

f 1-1.r Bead F
p=- but W = Fd cos ¢ % 7 x

ﬂr [ Wire —/ —V>

:Cf F cos ¢ dx
di

i

=ch5¢(%] = | P = Fvcos ¢
e

20



~Sample Problem 7.09

Figure 7-16 shows constant forces F, and F, acting on a

box as the box slides rightward across a frictionless

floor. Force F, is horizontal, with magnitude 2.0 N;

force F, is angled upward by 60° to the floor and has

magnitude 4.0 N. The speed v of the box at a certain

instant is 3.0 m/s. What is the power due to each force  Frictonless
acting on the box at that instant, and what is the net _\
power? Is the net power changing at that instant?

21






Center of Mass and
Linear Momentum

e -

Dr.Wajood Diery




9-1 Center of Mass
Q. What is the Centre Of Mass (COM)?

The center of mass of a system of particles is the point that moves as though (1) all of
the system’s mass were concentrated there and (2) all external forces were applied there.
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The Center of Mass

1. System of two particles on x-axis

-
— d
my + my

‘t-l:i:ll'll

myxqy + msXx;

Xoom =
e my + m,
myx, + MmsyXx,

"YCDITI. = M

Where M = 1 — .

and x, , x, are the position of particles
m, and m, respectively from the origin
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2. System of n particles along x- axis:

Xy + MaXy + MaXxy + - -+ mMyXx,
“HCOIm - M

1 M
= A

Rem: put x, , X, ....etc, with their signs

3. System of n particles distributed in 3D:

1 n | " 1 i b4
Xeom = M E X, Yeom = M 2 H; Vi Teom — \ E ;. 150
i=1 i=1 4 1=] s
100 B
Fﬂi}m - 'I:E-'I.'.ITI'.I.:I + _}IIEUITIJ + z{!um I"{'

N Mo
. X

150



Sample Problem 9.01

Three particles of masses m; = 1.2 kg, m, = 2.5 kg,
and m, = 3.4 kg form an equilateral triangle of edge
length @ = 140 cm. Where 1s the center of mass of this
system?

100

e e— —_—— e —

Yeom

o>m 50 Yom 100

(9-3)
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0-2 Newton's Second Law for a System of Particles

E. = Mia__

1. FM, is the net force of all external forces that act on the system.

o - r il o

2. M is the total mass of the system. We assume that no mass enters or leaves the
system as it moves, so that M remains constant. The system is said to be closed.

3. @.m 15 the acceleration of the center of mass of the system.

Fnct,x = Macom.x Fnct.y == Macom,y Fnel.z = Macom..-‘.



Sample Problem 9.03

The three particles in Fig. 9-7a are initially at rest. Each
experiences an external force due to bodies outside the
three-particle system. The directions are indicated, and
the magnitudes are F, = 6.0 N, F> = 12 N, and F; = 14
N. What i1s the acceleration of the center of mass of the
svstem. and in what direction does it move?
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0-3 Linear Momentum

)

[

Linear Momentum
of a single particle

\

Linear Momentum of a
system of particles




Linear Momentum of a single particle

* P Isavector quantity
ﬁ = mv « Slunitis (kg - m/s).

Newton’s 2"d Law in terms of Momentum

The time rate of change of the momentum of a particle is equal to the net force
acting on the particle and is in the direction of that force.

. 5 dap

In equation form By = T}:'
Fo=9P_ 4 o @ —
net dt dt m dt .

—

Thus, the relations F . = dp/dt and F,., = ma are equivalent expressions of
Newton’s second law of motion for a particle.
9



Linear Momentum of a system of particles

The linear momentum of a system of particles is equal to the product of the total
mass M of the system and the velocity of the center of mass.

) .. d dv
[f we take the time derivative aF =M Veom _ Ma. ..
d{ df cOom

10



0-5 Conservation of Linear Momentum

The system is said to be

Isolated: When the net Closed: When no particles
external forces acting on a leave or enter the system
system of particles is zero
then /et = 0

dp E

Fnet — _I_ =0 then P = constant (closed, isolated system).
In words,

@7 If no net external force acts on a system of particles, the total linear momentum P
of the system cannot change.

11



—

P = constant (closed, 1solated system).

This result 1s called the law of conservation of linear momentum. It can also be
written as

—

P ; = P f (closed, isolated system).
In words, this equation says that, for a closed, isolated system,

total linear momentum\ _ /total linear momentum
at some initial time ¢, at some later time ¢,

12



Rem:

Depending on the forces acting on a system, linear momentum might be
conserved 1in one or two directions but not in all directions. However,

If the component of the net external force on a closed system is zero along an axis, then
the component of the linear momentum of the system along that axis cannot change.

13



External Example

One-dimensional explfosion: A ballot box with mass
mr = 6.0 kg slides with speed v = 4.0 m/s across a friction-
less floor in the positive direction of an x axis. The box ex-
plodes into two pileces. One piece, with mass s, = 2.0 kg,
moves in the positive direction of the x axis at v, = 8.0 m/s.

What 1s the velocity of the second piece, with mass 1,7
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