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1.1 Physics and M easur ements
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1.2 Physical Quantity
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1.3 Unit systems

Two systems of units are widely used in the world, the metric and the
British systems. The metric system measures the length in meters
whereas the British system makes use of the foot, inch, ..... The metric
system is the most widely used. Therefore the metric system will be
used in this book.

By international agreement the metric system was formalized in 1971
into the International System of Units (Sl). There are seven basic
units in the SI as shown in table 1.3. “For this book only three units
are used, the meter, kilogram, and second”.

Quantity Name Symboal

Length meter m

Mass kilogram kg

Time second S
Temperature kelvin K
Electric current ampere A
Number of particles | mole mol
Luminousintensity | candela cd

M ass

The Sl unit of mass is the Kilogram, which is defined as the mass of a
specific platinum-iridium alloy cylinder.

Time

The Sl unit of time is the Second, which is the time required for a
cesium-133 atom to undergo 9192631770 vibrations.

L ength

The SI unit of length is Meter, which is the distance traveled by light is
vacuum during atime of 1/2999792458 second.

1.3.1 Unitsof Length
i e Jol el e lal) Gany (85 S (e shSl) Adlaal) (il Basy i
S e A Caay aladiud (K b g il e dllus GE ) A )
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el Al ddlsall Cas g Aad ma gy MU Jpaad) L siead)

1 kilometer (km)
1 decimeter (dm)
1 centimeter (cm)

1 millimeter (mm)
1 micrometer  (mm)
1 nanometer (nm)

1 angstrom (A)

1 picometer (pm)
1 femtometer (fm)

=10°m
=10"m
=10”m
=10°m
=10°m
=10°m
=10"°m
=10"°m
=10"°m

1.3.2 Power of ten prefixes

5 S 5 5 em L) (A58 e slSl 5 fia s Aalidl) s (585 L | i
daimge oAl Alee Clan g A 5 28 13 AL 58 S (e Auliy a8 L A

pJa) Jsaal b
number prefix Abbreviation
10% exa E
10" peta P
10" tera T
10° gige G
10° mega- M
10° kilo- K
10 centi- C
10° milli- M
10° micro- m
10° nano- N
10™ pico- P
10" femto- F
108 atto- A

1.4 Derived quantities

All physical quantities measured by physicists can be expressed in
terms of the three basic unit of length, mass, and time. For example,
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speed is simply length divided by time, and the force is actually mass
multiplied by length divided by time squared.

[Speed] =L/T =LT*

[Force] = ML/T?=MLT?

where [Speed] is meant to indicate the unit of speed, and M, L, and T
represents mass, length, and time units.

1.5 Dimensional Analysis

The word dimension in physics indicates the physical nature of the
guantity. For example the distance has a dimension of length, and the
speed has a dimension of length/time.

The dimensional analysis is used to check the formula, since the
dimension of the left hand side and the right hand side of the formula
must be the same.

B 5 Y dleadl daia 0 W 3 Dimensional Analysis s Jilss aadius
b o oy Aleall a1 Gaplall sas g o G ol 5l 8 A Al )

; Example 1.1

Using the dimensional analysis check that this equation x = % at® is
correct, where x is the distance, a is the acceleration and t is the time.

X\A Solution
X = 1 at?

e iy Tl (6 dana Alleal (55S5 Slg sk 2ny 4l Alslaall ) il
L) Jdat aaai s Aoleall daua e (aaall Lad Jsh Al 56 o
Al 3 k]

Gasna e Aibad) 8 Y] cdibaall ) Glall sas
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This equation is correct because the dimension of the left and right side
of the equation have the same dimensions.

; Example 1.2

Show that the expression v = v, + at is dimensionally correct, where v
and v, are the velocities and a is the acceleration, and t is the time

X\A Solution

The right hand side
[V] = L
T
The left hand side
L. L
al= — T==
[at] T? T

Therefore, the expression is dimensionally correct.

; Example 1.3

Suppose that the acceleration of a particle moving in circle of radius r
with uniform velocity v is proportiona to the r" and V". Use the
dimensional analysis to determine the power n and m.

X\A Solution

Let usassume a is represented in this expression

a=kr""
Where k is the proportionality constant of dimensionless unit.
The right hand side

_ L
[a]—F
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The left hand side

krvy=&0 =k
eTg TO
therefore
L_ Ln+m
TZ Tm
hence
n+m=1 and m=2

Therefore. n =-1 and the acceleration a is

a=krtv

Dr. Hazem Falah Sakeek



1.6 Vector and Scalar
VU P JGTEPUE L POV JUSOVY CF- R SR [ W) [V PR T JECHIV [P VAN
laaoat o Soy Al 4ag vector Aganiall 4l A6 o scalar Al
aan o ) zlias dgadiall L) W 5KQ aues AES o U5 of e cdah La iy
Le 10KM/h Ul de ju Jie cla e ) 28l Lealad)
Agaiall LSl Al CLaS) ey Al A Jsand b

Vector Quantity | Scalar Quantity
Displacement Length

Velocity Mass

Force Speed
Acceleration Power

Field Energy
Momentum Work

1.7 Coor dinate system
(LS i of LUy (S g 10 8 Lo s s s I Aleal) Lilin 3 rlias
Al 5 «Coordinates cildila aYl o jay Loy (pafioss Lild vl 138 a0 daail g
Rectangular L s QL) 13 a8 Leaddind Coga ) GlIaaY) (e gle 58
.polar coordinates s coordinates

1.7.1 Therectangular coordinates
The rectangular coordinate system in
two dimensions is shown in Figure 1.1.
This coordinate system is consist of a
fixed reference point (0,0) which called
the origin. A st of axis with
appropriate scale and label.

y (m)
A

) : »
|

09 |

Figurel.1

www.hazemsakeek.com
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1.7.2 The polar coordinates

Sometimes it is more convenient to use yﬂ(m)
the polar coordinate system (r,q),
where r is the distance from the origin (x)
to the point of rectangular coordinate r

(x,y), and g is the angle between r and
the x axis.

9 > X (m)

A

v

1.7.3 Therelation between coordinates Figure 12
The relation between the rectangular
coordinates (x,y) and the polar coordinates
(r,q) isshown in Figure 1.3, where,

X=Tcosq (1.1 r y
And

. q x

y=rsng (1.2
Squaring and adding equations (1.1) Figure 1.3
and (1.2) we get

r=yx*+y’ (L3)
Dividing equation (1.1) and (1.2) we get

tan g= X (1.4

y
; Example 1.4 y
The polar coordinates of a point are r = f\\
5.5m and g =240°. What are the Cartesian 8 x
coordinates of this point? }/‘
¥
P
Figure 1.4
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X\A Solution

X =T cosq=5.5%c0s240° =-2.75m
y=rsinq=5.5xsn 240° = -4.76 m

1.8 Propertiesof Vectors

1.8.1 Vector addition

Only vectors representing the same
physical quantities can be added. To
add vector A to vector B as shown
in Figure 1.5, the resultant vector R is

Figure 1.5

R=A+B (1.5)
Notice that the vector addition obeys the commutative law, i.e.

A+B=B+A (1.6)

Figure 1.6

Notice that the vector addition obeys the associative law, i.e.

A+(B+C)=(A+B)+C (1.7)

www.hazemsakeek.com
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Figure 1.7

1.8.2 Vector subtractlon
The vector subtraction A B is evaluated as the vector subtractioni.e.

A- B= A+(- B) (1.8)

Figure 1.8

where the vector - B isthe negative vector of B

B+(-B)=0 (1.9)

1.9 The unit vector

A unit vector is a vector having a magnitude of
unity and its used to describe a direction in space.

A
1
Asan gl aaia O i A daiell Jasa alfiad (S A anid)

(LS
. s 7
A =aA (1.10)
Figure1.9

Dr. Hazem Falah Sakeek



rectangular saliall syl sl adl (i, j, K) sas s clgatia Jia oSy S
- dal Jil 8 WS (X, Y, 2) coordinate system

i © aunit vector along the x-axis
J © aunit vector along the y-axis
k © aunit vector along the z-axis

Figure 1.10

1.10 Components of a vector

Any vector A lying in xy plane can be resolved into two components
one in the x-direction and the other in the y-direction as shown in
Figure 1.11

y
A=A coxyq (1.11) A
y
A=A sinq (1.12) q R «
A
Figure1.11

ol A ally 43S e ) Asie JS il D) i Lild cilgaia sae pe Jalal e
sy Al Al a5 e Yo Alandd dad Jews Lea (X)Y) S5sY) slae
Alasd

The magnitude of the vector A

A= JAZ+ A2 (1.13)
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The direction of the vector to the x-axis

q = tan™ % (1.14)

A vector A lying in the xy plane, having rectangular components Ay
and A, can be expressed in a unit vector notation

A =Aji+Aj (1.15)

s A8y 5k ot ol (o Sy 1A
1 1

S LS B s A el g (B Sleaid A
e Jsa
A=Ai+A)]
B=B,i+B,]

IR:A+é:(A(+BX)i+(Ay+By)j

; Example 1.5

Find the sum of two vectors A and I'3 given bly
A=3i +4j and B=2i- 5]

G . Yy
; Solution

Note that A.=3, Aj=4, B,=2, and B,=-5
R=A+B=(3+2)ji+(4- 5)j=5- |

The magnitude of vector R is

R=(R*+R?=y25+1=426=51 v

Figure1.12

A\ 4

Figure1.13
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The direction of Il? with respect to x-axisis

q :tan‘liztan‘lilz-ll0
R, 5

; Example 1.6

The polar coordinates of a point are r=5.5m and q=240°. What are the
rectangular coordinates of this point?

X\A Solution

X=r cosq =5.5xc0s240 =-2.75m

y=r snq=55x%x39n240=-476 m

; Example 1.7

Vector A is 3 units in length and points along the positive x axis.

Vector |'3 is4 unitsin length and points aong the negative y axis. Use
graphical methods to find the magnitude and direction of the vector (@)

A+B, (b) A-B

X\A Solution

Figure1.14
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I I I I
‘A+ B[=5 ‘A- B=5
q=-53 q=53

; Example 1.8

Two vectors are given by A:Si -2j ad B=-i- 4. Cadculate (a)
1 1 1 1 I I I I
A+B, (b) A-B, (0 ‘A+ 8, (d) ‘A- B[, and (e) the direction of

1 1 I r
A+B and ‘A- B‘.

X\A Solution

@ A+B = Bi- 2j)+(-i- 4))=2i- 6]
(b) A-B = (@i- 2j)- (-i- 4) = 4i +2]
r I
©) ‘A+B‘: 22 +(-6)2 =632
r I
(@) |A- B[=47+27 =447
(€) For A+B, q = tan(-6/2) = -71.6° = 288°

For A-B,q=tan(2/4) = 26.6°

; Example 1.9

A vector A has a negative x component 3 unitsin length and positive y
component 2 units in length. (a) Determine an expression for A in
unit vector notation. (b) Determine the magnitude and direction of A.

(c) What vector B when added to A gives a resultant vector with no x
component and negative y component 4 unitsin length?
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; Solution

Ac=-3units& A, = 2 units

(@ A = Aj+Aj=-3i+2] units

(b) w = JAZ+A? = /(-3 +(2)? =361 units

q=tan(2/-3) = 33.7° (relative to the —x axis)

(© R=0&R,=-4 since R=A+B, B=R- A
B, = R — A = 0-(-3) = 3
B=R —A =-42=-6

Therefore,

B=B,i+B,j=(3-6j) units

; Example 1.10

A particle moves from a point in the xy plane having rectangular
coordinates (-3,-5)m to a point with coordinates (-1,8)m. (@) Write
vector expressions for the position vectors in unit vector form for these
two points. (b) What is the displacement vector?

X\A Solution

@ R=xi+yj=(-3-5)m

R, =xi+Yy,] =(-1+8])m

(b) Displacement = DR=R, - R,

DR= (X, - X)i +(¥, - ;)] =-i- (-3)+8] - (-5]) = (2 +13))m
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1.11 Product of a vector

There are two kinds of vector product
the first one is called scalar product or
dot product because the result of the B
product is a scalar quantity. The second
is called vector product or cross product

because the result is a vector g >
perpendicular to the plane of the two A
vectors.

Figure 1.15

dgatie LnaS Ayl o pall (e it g Al ApeS ol G el e i

1.11.1 The scalar product
dain oS5y dot product sl ol scalar product wlbdl) ool oy
Ayl QoS 1Y A s Al o2 S5 Al paS Gagatial (bl ol
Ayl Y Al Aall (55855 38 0 90 5 0 O (el (B sandl)
190 Ay g 30 calS 1Y 1 jia (s sty Ay 180 590 (e cpeaiad (5 semnal
AB = +ve when 03 q >90°
AB = -ve when 90° <q £180°

AB=zerowhenq =0
Jie (3 A ISV axia) Jaie Cpen dealay A B Cseatial (ol Gl G ey
1
.MBJ}M\%}\J\ eba"}g_\:\;‘f B ‘;11:\]\4;34&]\

AB =|AlB|cosq (1.16)

Tl LS dafia JS LS e alastinly (peatial bl ) dad ol (S
A= Ai+Aj+AK (1.17)
B=B,i+B,j+Bk (1.18)

The scalar product is
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AB=(Ai+Aj+AK).(Bi+B j+Bk) (119)
L i B aniad) € e b Al S e i
AB=(AiBi+AiB,j+AiBk
+AJBI+A]B[+A Bk (1.20)
+AKB,i +AKB,j+AkBK)
Therefore
\ AB=AB, +AB, +AB, (1.21)
The angle between the two vectorsis

AB _AB,+AB +AB,

AT AB

; Example 1.11

Find the angle between the two vectors

(1.22)

A=2i+3j+4k, B=i-2j+3k

v Solution
AB,+AB, +AB,

cosq =

A8
AB,+AB, +AB,=(2)(1)+(3)(-2)+(4)(3)=8
[N =+42°+3"+4% =29
B=1"+(-27+3 =414

18
cosg = ———
NCT N

0.397 b q = 66.6°
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1.11.2 The vector product
Gyl A S5 Cross product — Vector product alaiy) oyl Coje
dsgcdq}m:ulx\} C A B axiiall 1aa dagd «PM«_\ASUMGMA_N\

HL&S B M‘LA\ A‘\A.\A]‘un@)du‘)}dcla.i\‘;} B 9 A u.\.@A.\AS\
g

Figure1.16
A’ B= ABsing (1.23)
A B=(Ai+A]j+AK) (Bi+B,j+Bk) (1.24)
To evaluate this product we use the fact that the angle between the
unit vectorsi, j , kis 90°.

=(AB,- AB )i+(AB, - AB)j+(AB,- ABK (125

If C': = A |'3 the components of C': are given by
C,=AB,- AB,
Cy :Asz_ A(Bz
C,=AB,- AB,
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§ Example 1.12

If C=A" B,where A=3i- 4j,and B=-2i +3k, what is C?

§ Solution

C=A B=(3- 4j) (-2i+3K)
which, by distributive law, becomes
C=-@3" 2)+@" 3K)+(4]" 2)- (4] 3K)

Using equation (123) to evaluate each term in the equation above we
get

C=0-9j- 8- 12i =-12i - 9j - 8k

The vector C': is perpendicular to both vectors A and |'3
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1.12 Problems

[1] Show that the expression
x=wvt+1/2at’* is dimensionally
correct, where x is a coordinate
and has units of length, v is
velocity, a is acceleration, and t
istime.

[2] Which of the equations
below ae  dimensionaly
correct?

(@ v=yvtat

(b) y=(2m)cos(kx),
wherek =2 m™.

[3] Show that the equation V* =
Voo + 2at is dimensionaly
correct, where v and Vv,
represent velocities, a is

acceleration and x is a distance.

[4] The period T of smple
pendulum is measured in time
units and given by

T:2p\/I
g

where | is the length of the
penduum and g is the
acceleration due to gravity.
Show that the equation is
dimensionally correct.

[9] Suppose  that  the
displacement of a particle is
related to time according to the
expression s = ct’. What are
the dimensions of the constant
c?

[6] Two points in the xy plane
have Cartesian coordinates (2, -
4) and (-3, 3), where the units
are in m. Determine (@) the
distance between these points
and (b) their polar coordinates.

[7] The polar coordinates of a
point are r = 55m and g =
240°. What are the cartisian
coordinates of this point?

[8] A point in the xy plane has
cartesan coordinates (-3.00,
5.000 m. What are the polar
coordinates of this point?

[9] Two points in a plane have
polar coordinates (2.5m, 30°)
and (3.8, 120°). Determine (a)
the cartisan coordinates of
these points and (b) the
distance between them.

[10] A point is located in polar
coordinate system by the
coordinates r = 2.5m and q
=35°. Find the x and y
coordinates of this point,
assuming the two coordinate
system have the same origin.

[11] Vector A is 3.00 units in
length and points along the
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positive x axis. Vector B is
4.00 units in length and points
along the negative y axis. Use
graphical methods to find the
magnitude and direction of the
vectors(a) A + B, (b) A - B.

[12] A vector has x component
of -25 units and a'y component
of 40 units. Find the magnitude
and direction of this vector.

[13] Find the magnitude and
direction of the resultant of
three displacements having
components (3,2) m, (-5, 3) m
and (6, 1) m.

[14] Two vector are given by A
= 6 4 and B = -2i+5].
Cdculate (a) A+, (b) A-B,
|a+B], (d) |A-B|, (6) the
direction of A+B and A-B.

[15] Obtain expressions for the
position vectors with polar
coordinates (a) 12.8m, 150%
(b) 3.3cm, 607 (c) 22cm, 215°.

[16] Find the x and vy
components of the vector A
and B shown in Figure 1.17.
Derive an expresson for the
resultant vector A+B in unit
vector notation.

3m

3m
| 30° X

Figure1.17

[17] A vector A has a
magnitude of 35 units and
makes an angle of 37° with the
positive x axis. Describe (a) a
vector B that is in the direction
opposite A and is one fifth the
size of A, and (b) a vector ¢
that when added to A will
produce a vector twice as long
as A pointing in the negative y
direction.

[18] Find the magnitude and
direction of a displacement
vector having x and vy
components of -5m and 3m,
respectively.

[19] Three vectors are given by
A=6i, B=9j, and C=(-3i+4j).
(@ Find the magnitude and
direction of the resultant
vector. (b) What vector must
be added to these three to make
the resultant vector zero?

[20] A particle moves from a
point in the xy plane having
Cartesian coordinates (-3.00, -
5000 m to a point with
coordinates (-1.00, 8.00) m. (a)
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Write vector expressions for
the position vectors in unit-
vector form for these two
points. (b) What is the
displacement vector?

[21] Two vectors are given by
A= 4i+3j and B= -i+3j. Find
(@ A.e and (b) the angle
between A and B.

[22] A vector is given by A= -
2i+3]. Find (a) the magnitude
of A and (b) the angle that A
makes with the positive y axis.

[23] Vector A has a magnitude
of 5 unitss and B has a
magnitude of 9 units. The two
vectors make an angle of 50°
with each other. Find A.B.

[24] For the three vectors
A:3i+j_k, é: -i+2j+5k, and
¢=2-3k, find &.(A- B)

[25] The scaar product of
vectors A and B is 6 units.
The magnitude of each vector
is 4 units. Find the angle
between the vectors.

=
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Description of Motion
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KINEMATICS DESCRIPTION OF
MOTION

2.1 The position vector and the displacement vector

2.2 The average velocity and I nstantaneous velocity

2.3 The average acceleration and I nstantaneous acceleration
2.4 One-dimensional motion with constant acceleration

2.5 Application of one-dimensional motion with constant
acceleration

2.5.1 Free Fall
2.6 Motion in two dimensions

2.7 Motion in two dimension with constant acceleration
2.8 Projectile motion
2.8.1 Horizontal range and maximum height of a projectile

2.9 Motion in Uniform Circular Motion
2.10 Questions with solutions
2.11 Problems

m
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2.1 The position vector and the displacement vector

s 4l s Kinematics Sl 48 jall Caa s ale 4l 0 bl (e
Acceleration ilx.l s Velocity 4c .l 5 Displacement sl 3¥) (e JS 4
A ihie A ie ) vie o jatial) auall i ge paail ol slas alaie) ) L zliagg
rectangular —— cuew Lo o 430 KD Sl slase alaiel cuuiall e
i ye oV alid U Lo puan aige waa3 ) s Sl ccoordinate (x,y,2)
e a5l 4 x3all sa POSItiON VECHOr pm sall 4xia e ¢S Niah 32050
D) 5 ¢ua 2.1 JSED 8 LS Loagant 3y o)) puall S Y Gme i) S e

X, Y ostaall 3S se g Jadh (paey 8 SlaY) S s

Figure2.1
el A Al i ln g DU, - b oy () dar e sl lse 2Ty
(2.3) alaally taas

f=Xai + Yo (2.1)
f, =i + Y (2.2)
Df =1, -1, (2.3)

Cr iscalled the displacement vector which represent the change in the
position vector.
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e 5 Ao ks g diled) o adied a3 DF drsplacement Y Bay

¥

; Example 2.1

Write the position vector for a particle in the rectangular coordinate (X,
Yy, 2) for the points (5, -6, 0), (5, -4), and (-1, 3, 6).

YA Solution

For the point (5, -6, 0) the position vector is F = 5i - 6j
For the point (5, -4) the position vector is I = 5i - 4]
For the point (-1, 3, 6) the position vector is f = -i +3j + 6k

; Example 2.2

Cdculate the displacement vector for a particle moved from the point
(4, 3, 2) to apoint (8, 3, 6).

YA Solution

The position vector for the first point is f, = 4i +3j + 2k
The position vector for the %cond pornt IS r =8 +3j+6k
The displacement vector Dr = r r

\ Dr =4i+4k
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; Example 2.3

If the position of a particle is given as a function of time according to
the equation

F(t) = 3% + (3 - 2)]

wheret in seconds. Find the displacement vector for t;=1 and t,=8

X\A Solution

First we must find the position vector for thetimet; and t,
Fort, r(t)=3i+]j
Fort, 1,(t,)=192i +22]
The displacement vector
Df =1, -f =192 +22j - 3i+]
Dr =189i +21j

2.2 The average velocity and | nstantaneous velocity
dand Juala (i tr Ll mmse A b1 Ge)l) e Aol minge (e auad) JE e
by anall of Cua s VElOCitY de julls oy (1) tD a3l 38 e dal Y
Average de e e A sl Aol Gl dibine Cle oy diLal
Instantaneous  Audaall de yull daal 44 yie de yudl Ciy ed (e L VElOGitY
.velocity

The average velocity of a particle is defined as the ratio of the
displacement to the time interval.

r _Dr
vV, =— 2.4
ave [1 ( )
The instantaneous velocity of a particle is defined as the limit of the
average velocity as the time interval approaches zero.

r Dr

v =lim = (2.5)
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——

r d
\ v=— 2.6
ot (2.6)

The unit of the velocity is (nm/s)

fael
F=2.165 fp =0
5 LSy
Farash g Starf !
I T S o | = :
i o A A4 m

2.3 The average acceleration and I nstantaneous acceler ation

Vi Ao Ao et Alel pmse (M by el die Bl piase (e pual) JE xie

paly Cixy e 30 () Aally Ao ) S Jaxe 8V Ae )l CilS Al e

0s—Sy5 <Average Acceleration ¢ il b s 5l Acceleration g il
el e ddaall de g Instantaneous acceleration aall ¢ Ll

The average acceleration of a particle is defined as the ratio of the
change in the instantaneous velocity to the time interval.

r_Dv
a=— 2.7
o (2.7)
The instantaneous acceleration is defined as the limiting value of the
ratio of the average velocity to the time interval as the time approaches
zero.
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m Dv _ dv 2.8)
The unit of the acceleration is (M/s?)
ol UK 8 LS =0 e die Vom0 6l 0 sSual) (e A4S jall Tasi s jilde in il

Aa il A daall (s 260K/N de s )5 il Josi 208 La 508 Giie ) 5 g ey
IKM//s & 5 5Lkl

+4.0 Kmih

'-.-cx—..-‘;?ﬂ‘—:‘:-w— = ¥ = +1E hm/h
G, M=3.0s
e, v = +27 Mk
= » i e Sl

o ) O D s il A sl e Aaadl il odlel JSA gy
Juai il (e ) 225 OKMVN (5 slows 20l 5 a8 (e ) amy Ao pud) (0 6<5 Cuan 801
ver. 1%a 5 18kmVh ) de jud
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; Example 2.4

The coordinate of a particle moving along the x-axis depends on time
according to the expression
x = 5t° - 2t

where x isin metersand t isin seconds.

1. Find the velocity and acceleration of the particle as a function of
time.

2. Find the displacement during the first 2 seconds.

3. Find the velocity and acceleration of the particle after 2 seconds.

X\A Solution

(a) The velocity and acceleration can be obtained as follow

V= X =10t - 6t
dt

a= ﬂ =10- 12t
dt

(b) using the equation x = 5t* - 2t> substitute for t=2s
X=4m

(c) using the result in part (a)
v=-4m/s
a=-14ms

; Example 2.5

A man swims the length of a 50m pool in 20s and makes the return trip
to the starting position in 22s. Determine his average velocity in (a) the
first half of the swim, (b) the second half of the swim, and (c) the
round trip.
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X\A Solution

2

(c) Since the displacement is zero for the round trip, Vae =0

; Example 2.6

A car makes a 200km trip at an average speed of 40 km/h. A second
car starting 1h later arrives at their mutual destination at the same time.
What was the average speed of the second car?

X\A Solution

tl_ﬂ_@ =5h forcarl
vi 40
t,=t,-1=4h forcar 2
vZ—E—@—5Okm/h
t2 4

; Example 2.7

A particle moves along the x-axis according to the equation x=2t+3t*

where xisinmand t isin second. Calculate the instantaneous velocity
and instantaneous acceleration at t=3s.

X\A Solution

V() = d—)t‘ = 246 (3) = 20m/s

a(t) = E = 6/

Thereforeat t=3s
v = 20m/s
a=6ms
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2.4 One-dimensional motion with constant acceleration
constant 4l A laall oy <5 Loxie Jadd @lld 5 aal g aay 84S ) V) eyt
Instantaneous i—asll i lxall o <53 WAl o2 s 45 .acceleration
ol Sl dai s LAverage acceleration dlazll L s (s sl acceleration

A Al DA i sliie ¥ aa (il § o) 58 o W) de yud)
i e Ll G e e
| nstantaneous acceleration = Average acceleration

_ V-V,

a= = 29
Bare = 3 (2.9
Let t, = O then the acceleration
= "'t Yo (2.10)
or
V=V, +at (2.11)

Vo A5V de ) Lo e 13t () ol die V de ) alay (S (2.11) dibadd) (g0
Y el o | ia (s shd Alsall culS 13 aenl) Lo et 3 @ Al dlaal
Laaf Laa¥ 25! el (550t alel e ol o i 13 ) o aaias

A(MVS) de ju aay 4l A8lud) Aalaall 2508 e aa IS

At}

-

¥~ +28 M

Ai=2.08

= —— y = e 10wl
L Af=308
JS BIMVS Jaiey de ol Jlis 3-5MY/S” s jaie 435 Alae Ll ol JSa) s

-

LAl
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Since the velocity varies linearly (—k3) with time we can express the
average velocity as

Vo= VY,
ave —
2

(2.12)

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

v oA
DX=Vae Dt= 2 Yo% (213)
e 2 g
or
1
X=X+ 5 (VHvg) t (2.14)

Also we can obtain the following equations

x:x0+v0t+% at’ (2.15)

V= vc,2 + 2a(X-Xo) (2.16)

Aot de shiall dilusdl (5 5l (X-Xo) de shaiall diluall of Jaadl (2.15) dslaall (1
o ek a5 A Asall a dibual L) A8 Vot aad sa s A0 eyl
(M) dlie 2 A Aabad) 2508 e an S )5 (/2817 Aslaadl e paY) sl
o eyl (5 5L de sl Al (3 | jica (55l Alaadl S 1Y 4 Liad Loy
e

X - Xo = Vot (2.17)

s e shial) Al ()5S 1 jiea (s sl AN Ao yud) S 1Y

X - Xo= % at? (2.18)

52 www.hazemsakeek.com



http://www.hazemsakeek.com

Lecturesin General Physics

; Example 2.8

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?

X\A Solution

1 5
x:xo+vot+§ at

5=3+12 2+0.5a(2)°
a=-16 cm/s’

; Example 2.9

A car moving at constant speed of 30nVs suddenly stalls at the bottom
of a hill. The car undergoes a constant acceleration of -2mys” while
ascending the hill.

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.

X\A Solution

1
1. x:xo+vot+§at2

x=0+30t-t?
x=30t-t* m

V=V, +at
v=30-2t m/s
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2. X reaches a maximum when v = 0 then,
v=30-2t =0 therefore t=15s
Xmax = 30 t - £

x=30t-t* =30(15) - (15)* = 225m

2.5 Application of one-dimensional motion with constant
acceleration

2.5.1FreeFall

Free sl Lsaull constant acceleration 4utill ddsal e daledl cilankill e

Lot 25 Tpn ) Al dlae (] Cun @ A Y1 Ailal dlae il cans fall

Sl e V1S e oladl 8 Laila Lealadl 5 G V) o (g B3 520 el ) e

oo sl S5 Y Sl X el ek e Al o V) Vsl dlasid oSay

Ll g N1 4Mal) Alae o Gllh g -g Al 5 )il Guca ) dpilall dlaey @ dlaal
22 083 LS Ly jaaddl DUS (e die g aa g ()5S e el

V=V,-gt (2.19)

Y= yo+ % (ot (220)

Y=VYot Vot - % gt? (2.21)

2 2
V =V, - 29 (Y-Yo) (2.22)

Figure 2.2
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; Example 2.10

A stone is dropped from rest from — ———-= [}
the top of a building, asshownin 3 1 g n | |_; |
Figure 2.4. After 3s of free fall, A8 08N |
what is the displacement y of the T 7 0 1 | -
stone? 1300

nopoo

aopo| @ Y

popuo ?

YA poou,

L' Solution Uum B
From equation (2.21)

Y= VYot Vot - % gt

y=0+0- % (9.8) x (3)2 = -44.1m

; Example 2.11

=~

A stone is thrown upwards from the edge
of a cliff 18m high as shown in Figure o L y0
2.5. It just misses the cliff on the way 2
down and hits the ground below with a /) ;
Speed Of 188m/S 18m
(@ With what velocity was it JL 5,,’ ;
released? .
(b) What is its maximum distance § i
from the ground during its flight?
Figure2.5

YA Solution

Let y, = 0 at the top of the cliff.
(a) From equation
V2= Vo - 29 (Y-Yo)

Dr. Hazem Falah Sakeek 55



Chapter 2: Mechanics. Kinematics

(18.8)°=v,>-2 9.8 18

Vo' = 0.8 m/s
(b) The maximum height reached by the stoneish
2
pe Voo 1B g
2g 27 98

; Example 2.12 Q

A student throws a set of keys vertically *—7/\ L3
upward to another student in a window 4m ~ #09m

above as shown in Figure 2.6. The keys are t ik

caught 1.5s later by the student. N ﬁ_:s?"\ﬁ
(@ With what initial velocity were the = ﬁ?;ft\"‘@gw
keys thrown? === =48 e
(b) What was the velocity of the keys just
before they were caught? Figure 2.6

X\A Solution

(a) Let y,=0 and y=4m at t=1.5s then we find
Y=Yot Vot- % gtz
4=0+15v,-4.9(L5)°
Vo =10 m/s

(b) The velocity at any timet > 0 is given by
V=V,+at
v=10- 9.8 (1.5) =-4.68 m/s
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2.6 Motion in two dimensions

Motion in two dimensions like the motion of projectiles and satellites
and the motion of charged particles in electric fields. Here we shall
treat the motion in plane with constant acceleration and uniform
circular motion.

pi e da & anall Ot Lavie gl aal g oy 3 AS el Bl Jeadl) 8 L o
o o A a (V) et oy sme b 1y Uagis sl Lk of X sme o
O e Ao )5 Al U )5S Cun ligiial) AS g Jie XY e IS (sl opam

Y sl g X sl oladl 3

2.7 Motion in two dimension with constant acceler ation

Assume that the magnitude and direction of the acceleration remain
unchanged during the motion.

The position vector for a particle moving in two dimensions (xy plane)
can be written as

[ = X +Y; (2.23)

where x, y, and r change with time as the particle moves
The velocity of the particle is given by

v:E :EHEj (2.24)
VERNIERVY (2.25)

Since the acceleration is constant then we can substitute
Vyx = Vo + Vy = Vyo + ayt

this give
V= (Vo + ad)i + (o + at)]

= (Mol +Wo) +(acd +ay)t
then
V=V, +at (2.26)
Al aeall (5l t e o) die s e o i (2.26) Aolead) (e
akiiiall dlaall e dadlll de ol s Ay de yull
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Since our particle moves in two dimension x and y with constant
acceleration then

x:x0+vxot+%axt2 & y:yc,+vyot-%ayt2
but
r=x+yj
1 . 1,
r= 06t Vot+ 5 at)i+ (ot Vot - - gO)]
o N R
= (Xo i+ Yo]) + (Vo + W)t +§ (ad+ ayj)t

F=ro+ Vot + %at2 (2.27)

anial alay) maadl e 3l g T-To Aal3Y) A o g (2.27) Adled)

.%'atz Aalsial) Aaadl e Aaill Al Y0 5 Vot 235 Aol e il dal Y

2.8 Projectile motion

Cagury o cpamy 8 A8 jall e 451 (e Projectile motion cil sdia) 4S s s
Usal) 5 e puall 5 Al 5l 5 2831 Al 3Y1 aaal cld gMall 3 al) YV alea alag o0

ALY e wasl DA e
; Example 2.13

A good example of the motion in two dimension it the motion of
projectile. To analyze this motion lets assume that at time t=0 the
projectile start at the point X,=y,=0 with initia velocity v, which makes
an angle g, as shown in Figure 2.5.
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Figure2.5

then

Vx = Vxo = VoCOS(, = constant
Vy = Vyo - Ot = VeSINQ o - Ot

X = Vyo t = (VoCOSOp)t

(2.28)

Y=Vpol- % gt?= (Vsingo)t - % gt? (2.29)

2.8.1 Horizontal range and maximum height of a projectile

It is very important to work out the range (R) and the maximum height

(h) of the projectile motion.

1 it
|
Yo : H = Maximum height
I
<if I
7 f Voy | :
L FHIEEIE FErm
’.
R = Range |
Figure 2.6
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To find the maximum height h we use the fact that at the maximum
height the vertical velocity v,=0

by substituting in equation

Vy = VeSINg, - Ot (2.30)
=% S‘g”OP (2.31)

To find the maximum height h we use the equation

y= (VoSN o)t - % gt (2.32)

by substituting for the time t; in the above equation

. . .2
bSng 1 & sng0

h= (vesing.) = = (233
2 g ¢
2 N2
h= ¥ SN°G (2.34)
29

S S a8 il pual) ) oy g i) el JaaD (2.34) Alsladd) (50
e 13 ] e 32l el mlaw o il el o8 adde s ipiladl Alae o i3l
Sl S8 LS () mha e as ST gl

Lertl Tz
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; Example 2.14

A long-jumper leaves the ground at an angle of 20° to the horizontal
and at a speed of 11 nvVs. (a8) How far does he jump? (b) The
maximum height reached?

X\A Solution

(@ x = (VoCosgo)t = (11" cos20) t
x can be found if t is known, from the equation

Vy = VeSINg, - Ot
0 = 11sn20-9.8t;
t; = 0.384 s wheret; isthe time required to reach the top thent = 2t;
t=0.768 s
therefore
X=7.94m
(b) The maximum height reached is found using the value of t;=0.384s

. 1
ymax = (Vos nq o)tl = E g t12

Yo = 0.722 M

; Example 2.15

A ball is projected horizontaly with a velocity v, of magnitude 5nvs.
Find its position and velocity after 0.25s

X\A Solution

Here we should note that the initial angle is 0. The initial vertical
velocity component is therefore 0. The horizontal velocity component
equals the initial velocity and is constant.
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X=Vt=5"025=125m
y=-1/2gt*=-0.306 m
the distance of the projectile is given by

r=./x+y? = 129m
The component of velocity are

Vy = Vo =5nVs

Wy =-gt=-245ms
The resultant velocity is given by

v=Vi+Vv. = 557ns

The angle q is given by

v
q=tan" ~ _-26.1°
v,

X

; Example 2.16

An object is thrown horizontally with a velocity of 10nvs from the top
of a 20m high building as shown in Figure 2.7. Where does the object
strike the ground?

v 10m/s
Solution

Consider the vertical motion D D
Vo =0 20m

a =9.8m/s l

y=20m Y
then Figure 2.7

Y=V +1/2gt°

t=202s
Consider the horizontal motion
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Vo = Vy = 10 m/s
X=Wt
Xx=20.2m

; Example 2.17

Suppose that in the example above the object had been thrown upward
at an angle of 37° to the horizontal with a velocity of 10m/s. Where
would it land?

10m/

6m/s “/'
v Solution T 1 [ Amls

Consider the vertical motion 20m
Voy = 6 MVS AL
— 98m/2 e
&= Figure 2.8
y =20m

To find the time of flight we can use

1
Y=Vot- 2 gt

since we take the top of the building is the origin the we substitute for
y=-20m

-20=61t- 1 9.8t
2
t=2.73s
Consider the horizontal motion
Vy = Vo = 8mMY/s
then the value of x is given by

X=V, t=22m
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; Example 2.18

In Figure 2.9 shown below where will the ball hit the wall

S

20m/s

12m/g

37°

16m/s

[ 32m >
Figure 2.9
; Solution
Vi = Vo = 16m/s
X=32m
Then the time of flight is given by

X =vt
t=2s

To find the vertical height after 2s we use the relation
1
Y=Vot- 2 gt

Where vy, = 12m/s, t=2s
y=4.4m

Sincey is positive value, therefore the ball hit the wall at 4.4m from the
ground

To determine whether the ball is going up of down we estimate the
velocity and from its direction we can know

Vy = Vyo - Ot
vy = -7.6m/s
Since the final velocity is negative then the ball must be going down.
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; Example 2.19

A fish swimming horizontally has velocity v, = (4i + j) m/s at a point in
the ocean whose distance from a certain rock isr_ = (10i - 4j) m. After
swimming with constant acceleration for 20.0 s, its velocity is v = (20i
- 5)) n/s. () what are the components of the acceleration? (b) what is
the direction of the acceleration with respect to unit vector i? (c) where
isthefish at t = 25 sand in what direction is it moving?

X\A Solution

Att =0, v, = (4 +]) m/s, andr = (10i - 4)) m,

At t=20s, v=(20i - 5) m/s

@a = Dv, _ 20m/s- 4m/s
% Dt 20s

Dv . .
a = y 5m/s M/S:-O.BOOm/sz
Dt 20s

= 0.800 m/s’

@ a g 0.800 m/s’

Ql-I-0:

=-20.6° or 339° from the +x axis
(c) Att =25 s, its coordinates are:-

X=Xo + Vo t + 1/2 at?

=10 m + (4m/s)(25 s) + 1/2 (0.800 m/s? )(25 5)? = 360 m
Y=Yo+Vot+1/2at°

=-4Am+ (1 m/s)(259) + 1/2 (-0.300 m/s” ) (25 5)* =-72.8 m

v, 0 : o
q=tan'G tan-léeng =-15°
gva & e 24m/s g

(where v and vy, were evaluated at t = 25 )
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; Example 2.20

A particle initially located at the origin has an acceleration of a = 3j
m/s® and an initial velocity of v, = 5i nVs. Find (&) the vector position
and velocity at any time t and (b) the coordinates and speed of the
paticleatt=2s.

X\A Solution

Given a=3ms, V,=5ms r,=0i+0j
1 2 . 2.
@r=ro+ v t+§ at"=(5ti+15t))m

V=V, +at=(5 + 3tj) n/s
(b) Att=2s, wefind

r =5(2)i + 1.5(2)2j = (10i + 6j) m
That is,

(xy) =(10m, 6 m)

v =5 +3(2)j = (51 + 6))m/s

v=M = v’ +v,* =7.81m's
v Example 2.21

A bal is thrown horizontally —
from the top of a building 35 m D D
high. The ball strikes the ground
at a point 80 m from the base of 3>
the building. Find (a) the time
the ball is in flight, (b) its initial
velocity, and (c¢) the x and vy
components velocity just before
the ball strikes the ground. Figure 2.10

———8m — *
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YA Solution

X,=0 Yo=35m.
Vyo=Vo a,=0
Vyo=0 a,=9.8m/s’

(a) when the ball reaches the ground, x=80mandy =0
To find the time it takes to reach
The ground,
Y=Yot Vol - % a,t°=35-4.9°=0
thus
t=2.67s
(b) Using X = Xg+Vyot = Vit with t=2.67s

80 = v(2.67)
Vo=29.9m/s
(©)  V=w%e=29.9nVs
Vy=Vyo - gt = 0-9.8 (2.67) = -26.2m/s
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2.9 Mation in Uniform Circular M otion
linear constant Al dyhd de juy oM Jlue o s ety of (Kaddl
Gyl o ey jia sl Al ol 8 Alsadl o 9) Wl 8 Speed
co—ils Alae a3 5 0 Jlue o at sl (Y masia e 13 A
G5t Ll dntie a8 e Bl (o Alaall 5 cane aeS de ) o ales pas Glld
2 o ) 8 06 el il s a3l Al Ao pud) (8 il Jaes
Aoyl Jaie o f Y Alaall (b g0 Jlse o el A a Alla by oladY)

O 135 che pull oladl (e i Loy

Ao juy g A e o oty aual)

.(.// ) i_pjacui\.s&:ﬂ\«;j‘ojg_} A
| j e e el iy ) e e
H £
\‘\m\ " @ y// — LS Al Hlaedl e ddaw 4
~‘_‘r{!‘ Q._b\.g.
v h"‘-w._h ““““““ _ _,..-r#“é"“* . 211 SS Al
Vi
Vi Dr /\\\:2
" \> V S \/r
r r2 i
Va
Figure2.11
Dv v
—== (2.35)
Dr r
\"
Dv=—Dr (2.36)
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Divide both sides by Dt

Dv vDr
v oV
a= FV = T (238)
2
an=Y (2.39)

; Example 2.22

A particle moves in a circular path 0.4m in radius with constant speed.
If the particle makes five revolution in each second of its motion, find
(a) the speed of the particle and (b) its acceleration.

X\A Solution

(a) Since r=0.4m, the particle travels a distance Of 2pr = 2.51min
each revolution. Therefore, it travels a distance of 12.57m in each
second (since it makes 5 rev. in the second).

v=12.57m/1sec = 12.6 m/s

VZ

r

; Example 2.23

A train dows down as it rounds a sharp horizontal turn, slowing from
90km/h to 50km/h in the 15s that it takes to round the bend. The
radius of the curve is 150m. Compute the acceleration at the train.

=12.6/0.4 = 395m/s’

(b) a.=

Dr. Hazem Falah Sakeek 71



Chapter 2: Mechanics. Kinematics

; Solution

50km/ h = 3%0-?&03 mee N 9_1360m/s
h g kmga36008g

-1 JulS mYssas s I KM/ sas 5 (e e pudl o gat ang

90km/ h = a%o—?io" mee N 9 s5ms
h g kmga36008g

when v=13.89n/s
2
a.=Y =188 o
r 150
2
a=— = —13'835' 2 - 0741mi

r
=\Ja’+a? =/(1.29)% + (- 0.741)% =1.48m/ s
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2.10 Questions with solutions

(1) Can the average velocity and the instantaneous velocity be € 4 -

equal? Explain. - Q

Answer: Yes, when a body moves with constant vel ocity Va,e=V

(2)If the average velocity is nonzero for some time interval,
does this mean that the instantaneous velocity is never zero
during thisinterval? Explain.

Answer: No, the average velocity may be nonzero, but the
particle may come to rest at some instant during this
interval. This happens, for example, when the particle reaches a
turning point in its motion.

(3)A ball is thrown vertically upward. What are its velocity
and acceleration when it reachesits maximum altitude? What
itsacceleration just beforeit strikesthe ground?

Answer: At the peak of motion v=0 and a=-g. during its entire flight.

(4) A child throws a marble into the air with an initial velocity v,. Another
child drops a ball at the same instant. Compare the acceleration of the two
objectswhilethey arein flight.

Answer: Both have an acceleration of -g, since both are freely falling.

(5) A student at the top of a building of height h throws one ball upward with
an initial speed v, and then throws a second ball downward with the same
initial speed. How do the final velocities of the balls compare when they reach
the ground?

Answer: They are the same.

(6) Describe a situation in which the velocity of a particle is perpendicular to

the position vector.

Answer: A particle moving in a circular path, where the origin of r is at the
center of thecircle.
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(7)Can a particle accelerate if its speed is constant? Can it accelerate if its
velocity is constant?

Answer: Yes, Its speed may be constant, but the direction of v may change
causing an acceleration. However a particle has zero acceleration when its
velocity is constant.

Note that constant velocity means that both the direction and magnitude of v
remain constant.

(8) Explain whether or not the following particles have an acceleration: (a) a
particle moving in a straight line with constant speed and (b) a particle moving
around a curv with constant speed.

Answer: (a) The acceleration is zero, since v and its direction remains
constant.
(b) The particle has an acceleration since the direction of v changes.

N
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2.11 Problems

(1) An athlete swims the length

of a 50-m pool in 20 s and
makes the return trip to the
starting position in 22 s
Determine his average velocity
in (@) the first half of the swim,
(b) the second half of the swim,
and (c) the round trip.

(2) A particle moves along the

x axis according to the equation
X = 2t + 3t% where x is in
meters and t is in seconds.
Calculate the instantaneous
velocity and instantaneous
accelerationatt = 3.0 s.

(3) When struck by a club, a
golf ball initially at rest acquires
a speed of 31.0 my/s. If the ball
is in contact with the club for
1.17 ms, what is the magnitude
of the average acceleration of
the ball?

(4) A railroad car is released
from a locomotive on an
incline. When the car reaches
the bottom of the incline, it has
a speed of 30 mi/h, a which
point it passes through a
retarder track that dows it
down. If the retarder track is 30
ft long, what negative
acceleration must it produce to
stop the car?

(5) An astronaut standing on
the moon drops a hammer,
letting it fall 1.00 m to the

surface. The lunar gravity
produces a constant
acceleration of magnitude 1.62
m/s’. Upon returning to Earth,
the astronaut again drops the
hammer, letting it fall to the
ground from a height of 1.00 m
with an acceleration of 9.80
m/s’. Compare the times of fall
in the two situations.

(6) The Position of a particle
along the x-axis is given by
x=3t>-7t where x in meters and
t in seconds. What is the
average velocity of the particle
during the interval from t=2sec
to t=5sec?

(7) A car makes a 200km trip
at an average speed of 40knmvh.
A second car starting 1h later
arrives a  their  mutual
destination at the same time.
What was the average speed of
the second car?

(8) A particle is moving with a

velocity v,=60m/s at t=0.
Between t=0 and t=15s the
velocity decreases uniformly to
zero. What was the average
acceleration during this 15s
interval? What is the
significance of the sign of your
answer?

(9) A car traveling in a straight
line has a velocity of 30m/s at
some instant. Two seconds

Dr. Hazem Falah Sakeek
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later its velocity is 25nVs. What
is its average acceleration in
this time interval?

(10)A particle moving in a
straight line has a velocity of
8m/s at t=0. Its velocity at
t=20s is 20nV/s. What is its
average acceleration in this
time interval?

(11)A car traveling initially at a
speed of 60m/s is accelerated
uniformaly to a speed 85nVs in
12s. How far does the car
travel during the 12s interval?

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

(13)The initial speed of a body
is 5.2m/s. What is its speed
after 2.5s if it (a) accelerates
uniformaly a 3m/s’ and (b)
accelerates uniformaly at -
3m/s’.

(14)

(15 Two trains sarted 5
minutes apart. Starting from
rest, each capable of maximum
speed of 160km/h  after
uniformly accelerating over a
distance of 2km. (a) What isthe
acceleration of each train? (b)
How far ahead is the first train
when the second one starts? (c)
How far apart are they when
76

they are both traveling at
maximum speed?

(16)A ball is thrown directly
downward with an initial
velocity of 8m/s from a height
of 30m. When does the ball
strike the ground?

(A7) A hot ar balloon is
traveling vertically upward at a
constant speed of 5m/s. When
it is 21m above the ground, a
package is released from the
balloon. (a) How long after
being released is the package in
the air? (b) What is the velocity
of the package just before
impact with the ground? (c)
Repeat (a) and (b) for the case
of the baloon descending at
S5my/s.

(18)A ball thrown verticaly
upward is caught by the
thrower after 20s. Find (@) the
initial velocity of the ball and
(b) the maximum height it
reaches.

(19)A stone falls from rest from
the top of a high cliff. A
second stone is thrown
downward from the same
height 2s later with an initia
speed of 30my/s. If both stones
hit the ground  below
smultaneously, how high is the
cliff?

(20)At t=0, a particle moving in

the xy plane with constant

acceleration has a velocity of
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Vo=3i - 2] a the origin. At
t=3s, its velocity is v=9i+7].
Find (a) the acceleration of the
particle and (b) its coordinates
a any timet.

(21)The position vector of a
particles varies in  time
according to the expressions
r=(3i-6t5) m. (& Find
expressions for the velocity and
acceleration as a function of
time. (b) Determine the
particle’s position and velocity
at t=1s.

(22)A student stands at the
edge of a cliff and throws a
stone horizontally over the
edge with speed of 18m/s. The
cliff is 50m above the ground.
How long after being released
does the stone strike the beach
below the cliff? With what
speed and angle of impact does
it land?

(23)A football kicked at an
angle of 500 to the horizontal,
travels a horizontal distance of
20m before hitting the ground.
Find () the initial speed of the
football, (b) the timeit isin the

air, and (c) the maximum height
it reaches.

(24)A projectile is fired in such
a way that its horizontal range
is equa to three times its
maximum height. What is the
angle of projection?

(25)Find the acceleration of a
particle moving with a constant
speed of 8m/sin acircle 2min
radius.

(26)The speed of a particle
moving in a circle 2m in radius
increases at the constant rate of
3m/s. At some instant, the
magnitude of the tota
acceleration is 5m/s’. At this
instant find (a) the centripeta
acceleration of the particle and
(b) its speed.

(27)A student swings a ball
attached to the end of a string
0.6m in length in a vertica
circle. The speed of the ball is
4.3nVs at its highest point and
6.5m/s at its lowest point. Find
the acceleration of the ball at
(@) its highest point and (b) its

lowest point.
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MECHANICS. DYNAMICS

THE LAW OF MOTION

3.1 Thelaw of motion

3.2 The concept of force

3.3 Newton’slaws of motion
3.3.1 Newton'sfirst and second law
3.3.2 Newton'sthird law

3.4 Weight and tension

3.5 Force of friction

3.6 Questions with solution

3.7 Prablems

(m
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3.1 The law of motion

bl (53 Alae 5 Ao puy dal ) e AS el Caay ale e LS Gl o (B
Dl e e all 13a A (Kinematics Kilal) oo e alad) 138 5 Leibuna )
s —d s Force s sl oxdads 480 58 4aS 58 5 AS al) e (a0 s
ST e L) el Ay il cllaadl e adiad dpuld ) 8 ED gn alall
e 8 Adle B yisall 36l 5 aual) AS a G ABAY Gy ) plally L5 8 COG (e
L Swaliy oy oy =5 il s Classical  mechanics 4SSl Sl o 5le
O S 0 e o e Jaid Jalas Wl e Jo L LIS A4S (Dynamics
SN e i ST alual g ¢ uall de

3.2 The concept of force
Al e g ksl ol g ) sl e anedl ae Aa sl Ll 3 elas
e 5 55 L Rue ady (add Jie Lo ju (e il AS Al
Al sl e ddlaall gl f Alglall e QS Jie dSl Lgdal 2L plaal!
A Sars Gt gy 5 &) cas Jie Contact force il s il il <0
oubline b Qs 5l il Jie Action-at-a-distance 2 ce s @l il S

It is not always force needed to move object from one place to another
but force are also exist when object do not move, for example when
you read a book you exert force holding the book against the force of
gravitation.

5 Al s (55 S5 Laxie equilibrium o 3 Al b 4l (Sl el Capay
a5l 4o 5 izl

It is very important to know that when a body is at rest or when
moving at constant speed we say that the net force on the body is zero
i.e. the body in equilibrium.
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il AlSie sS85 o W s Andall (853 5m sl 54 o1l e daell aa s
oY g s LSl e el 138 (b ety LA ss o Asbline f A S

EGR

Types of
force

Mechanicall Gravitationall Electrical I Magnetic I Nuclear

AS Al g 0l 8 Al oy T SAS (5 580 ),

3.3 Newton’s laws of motion

Newton's first law, the law of equilibrium states that an object at rest
will remain at rest and an object in motion will remain in motion with a
constant velocity unless acted on by a net external force.

Newton's second law, the law of acceleration, states that the
acceleration of an object is directly proportional to the net force acting
on it and inversely proportional to its mass.

Newton's third law, the law of action-reaction, states that when two
bodies interact, the force which body "A" exerts on body "B" (the
action force ) is equal in magnitude and opposite in direction to the
force which body "B" exerts on body "A" (the reaction force). A
conseguence of the third law is that forces occur in pairs. Remember
that the action force and the reaction force act on different objects.

82 www.hazemsakeek.com



http://www.hazemsakeek.com

Lecturesin General Physics

3.3.1 Newton'sfirst and second law

6 s Leilana (s 8 e pana Lo 555 0 Alan¥l Alls Gl O30 0 & L

Ll L35 e 1S ate iy @ paiall el s LSl SLA) aeal i G o] jiea

LeSond ) a3 An 8 558 e 5 () plalls et A (g 53

O Y D las LA et slual) culS 1Y Lo pu (e i () Sl @ s
A= 01 jia s sbd Asal o ok S o) 5 siny B () 0

dF=m (3.2)
where misthe mass of the body and a isthe acceleration of the body

Then the unit of the force is (Kg.m/s?) which is called Newton (N)

(i plladl Loy S5 (5351 5 58 Baa g Cuans

é_ F=0 Newton'sfirst law
é_ F=ma Newton's second law

e
=
i

*

a=1/2m/s?

o b n

ey J6 AUaal)l 8 2R 58 < gd o aziall jlatay AIKY ) 1Y) el J<a) ‘é.s
il

el aiay oo 3 Alaadl ol a8 5 8 cidelian 1Y) BMlel JSa b
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; Example 3.1

Two forces, F; and F,, act on a 5-kg mass. If F; =20 N and F, =15 N,
find the acceleration in (a) and (b) of the Figure 3.1

A FZ FZ
. 4 ¢::=r‘60/ ‘
4 ! Id\::::-’:' g
(@) (b)
Figure 3.1

; Solution

(@&F = F1 + F, = (20i + 15)) N
aF=ma \ 20i +15=5a
a=(di+3)msor a=5m¢<

(b)Fx=15cos60=75N
Fy=15sn60=13N
F,= (7.5 + 13j) N
aF=F +F,=(275 +13j)) = ma=5a
a=(55i +26)ms or  a=6.08ms

3.3.2 Newton'sthird law

Gl oty 1Y Al s el c Alalaa 5 8 e sl AN () ldl sy

oy e 3l ok Gay i dladl QS (el 428 5 QS (S L aua
cosSlaal) ol i

F12 =- le (32)
A el A ) pnd e Bl 580 s Frp 30
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F you ® rope
-——
—

F rope® you

oad ) Al Eua oJadll 25 Jadll GO i 58 sehe oDl JSA e oy
Jad 3 S adal) ady daall s JEall s Jual) ddacd o laal)
§ Example 3.2

A ball is held in a person's hand. (a) Identify all the external forces
acting on the ball and the reaction to each of these forces. (b) If the ball
is dropped, what force is exerted on it while it is in "flight"? Identify
the reaction force in this case.

§ Solution

(& Theexterna forces acting on the ball are

(1)Fy, the force which the hand exerts on the ball.
(2)W, the force of gravity exerted on the ball by the earth.

Thereaction forcesare

(@D To Fy: The force which the ball exerts on the hand.
2 To W: The gravitational force which the ball exerts on
the earth.

(b)  When the ball is in free fal, the only force exerted on it is its
weight, W, which is exerted by the earth. The reaction force is the
gravitational force which the ball exerts on the earth.

Dr. Hazem Falah Sakeek 85



Chapter 3: Mechanics: Dynamics

3.4 Weight and tension
3.4.1 Weight
e Ay a5 (N) 5580 5am 5 1) il 5 2eS n Weight o350 o Leses alas
e G e ol Guling (M auad) S o g daa ¥ Adla)) dlae i
a WA ilal s 8 Gl s ) e e cu B e e Ssnse pen
0350 ol Ly i S Apilal Alse b anal) AES la e

(3.3)

&~

W =

S (6 S b il (05 ol Alnal) i IS i dlel IS
Sraal g g dgaa Al B padd) )5 sy
METOON gl ¢35 (8 (A de ju) Aae G50 deadl & a3 Levie (1)
MELO00N ey sl ()55 8 eV ) sad @ sy e (2)
MEAOON ey padill 055 ol Jaul) ) amadll & a5y Laie (3)
(0550 paxd Aa) | s iy (5 0l s Un s dxacaal) Ly Loic (4)

Gl sl sa Gl sl S 1 i o sbud Alsall 585 Laxie Y1 Ala)
(s AL 0o cea i AY) CO VWY Glidl o)) Ly padll
s OB axdiuin (Al 050 ) dally g allall 05 (8 il mua il

Zgilfd\
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sad) et e s s sl Jilaty
ad 8 (s b () il dllia o ass
sead Jad 3,58 o s AY 35, Wemg
S e 8 Gulay Py el e
J 2

o

aF=F-mg=ma

where a is the acceleration of the
elevator and the person.

p SRgrm

Apparent  True
weight Weight

dad @ baie W dage @ daall 680 Y ) sead) @ et Laie
Al osSia g Jaudd

F, =mg+ma when the elevator moves upward

Fy =mg- ma when the elevator moves downward

3.4.2 Tension

T 5yl 558l 8 Jis ddaid 5 e

i 55 e dall DA G pad (o
— M.&;ﬁ:f!ﬁ:ﬁﬁ

- m rlfwﬁ N 4t T el Ll e s Tension
TR bR H Y

E':T i,r J_AA]:.\B‘,JO_AMLM“'“. )}‘4“5&\(;5 )@-‘L‘-‘..J

2 1 a8 LKA e st A
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§ Example 3.3

An eectron of mass 9.1° 10°* kg has an initial speed of 3.0° 10° nvs.
It travels in a straight line, and its speed increases to 7.0° 10° m/sin a
distance of 5.0cm. Assuming its acceleration is constant, (a) determine
the force on the electron and (b) compare this force with the weight of
the electron, which we neglected.

2 2

§ Solution
(v -v,

F=ma and V2=V, +2ax or a:2—°
X

2 2
F=MV V) o 36 10%N
2X

(b) The weight of the electron is
W=mg=(9.1" 10*kg) (9.8r/s’) = 89" 10¥N

The accelerating force is approximately 10™ times the weight of the
electron.

§ Example 3.4

Two blocks having masses of 2 kg and 3 kg are in contact on a fixed
smooth inclined plane asin Figure 3.2.

(a) Treating the two blocks as a composite system, calculate the force
F that will accelerate the blocks up the incline with acceleration of
2m/s’,
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I

; Solution

We can replace the two blocks by an equivalent 5 kg block as shown in
Figure 3.3. Letting the x axis be aong the incline, the resultant force
on the system (the two blocks) in the x direction gives

\

I

Figure 3.2

N
o . o F
aFc=F-Wsgn(37) =may
F-5(0.6) = 5(2)
_ mg sin37
F=394N 7 \_mg cos37
mg
Figure 3.3

; Example 3.5

The parachute on a race car of
weight 8820N opens at the end
of a quarter-mile run when the
car is travelling a 55 ms.
What is the tota retarding
force required to stop the car in
a distance of 1000 m in the
event of a brake failure?
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; Solution

W=8820N, g=9.8m/s", v,=55ns, v = 0, X; - X, = 1000 m
m= %: 900 kg
Vi 2 = V2 + 2a(X - Xo),
0=55%+2a(1000),  giving a=-151m¢s
&F =ma=(900kg) (-1.51m/s) = -1.36" 10°N
The minus sign means that the force is aretarding force.

; Example 3.6

Two masses of 3 kg and 5 kg are connected sz
by a light string that passes over a smooth

pulley as shown in the Figure. Determine (&) 0

the tension in the string, (b) the acceleration

of each mass, and (c) the distance each mass

moves in the first second of motion if they @

start from rest.

Figure 3.4

; Solution

(@ i
ma=T - mg Q) a T
ma=mg-T 2 a
Add (1) and (2)
(M +mp) a=(M-m) g My
a= MM _ 53 o5 o

S (m+m)g  (5+3)(98)
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(b)
T=m,(g-a) =5(9.80- 2.45) = 36.6 N

(c) Substitute ainto (1)

T=m (a+g)= 2med
m, +m,
at?
= — 0:01
s= % w=0)

Att:]_s1 s:(Z'L)(lZ)

§ Example 3.7

Two blocks connected by a light rope are being dragged by a
horizontal force F as shown in the Figure 3.5. Suppose that F = 50 N,
m, = 10 kg, m, = 20 kg,

=1.23m

(@) Draw afree-body diagram for each block.
(b) Determine thetension, T, and the acceleration of the system.

T

m

s

Figure 3.5
§ Solution
N2
Ny
I T T F
my —>
m;g myg
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(b)
aF(m)=T=ma aF(m)=50-T=ma
é.Fy(ml) = Nl- mlg: 0 5.Fy(mz) = NZ' ng= 0
T=10a, 50-T=20a

Adding the expression above gives

50=30a,
a= 1.66 ms
T=16.6N

; Example 3.8

Three blocks are in contact with each other on a frictionless, horizontal
surface as shown in Figure 3.6. A horizontal force F is applied to
my=2kg, my=3kg, ms=4kg, and F=18N, find (a) the acceleration of the
blocks, (b) the resultant force on each block, and (c) the magnitude of
the contact forces between the blocks.

F
—|m | m ms
7 .
Figure 3.6

; Solution

(@ F=ma; 18=(2+3+4) a; a=2ms’

(b) The force on each block can be found by knowing mass and
acceleration:

Fi=ma=2x2=4N
F,=ma=3x2=6N

Fs=mga=4x2=8N
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(c) The force on each block is the resultant of al contact forces.
Therefore,

Fi=4N=F-P,

where P is the contact force between m; and m,
P = 14N
F,=6N=P-Q,

where Q isthe contact force between m, and mg
Q=8N

; Example 3.9

What horizontal force must be applied to the cart shown in Figure 3.7
in order that the blocks remain
stationary relative to the cart?
Assume al surfaces, wheels, and F
pulley is frictionless. (Hint: Note that

::e) tension in the string accelerates Y~
18

my

Figure 3.7
; Solution
Note that m, should be in contact with the cart. T
aF=ma T
my
For my: T N,
—> — m;
T=ma ‘ |
2 |
a= mz_ N Il
m, ' mg mxg
For my: T-mg=0 Figure 3.8
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For al 3 blocks. F = (M + my + mp)a

F:(M+m1+mz)@
m,

; Example 3.10

Two blocks of mass 2kg and 7kg are connected by a light string that
passes over a frictionless pulley as shown in Figure 3.9. The inclines
are smooth. Find (&) the acceleration of each block and (b) the tension
in the string.

2kg 7kg

35 35
e

; Solution

Since it has a larger mass, we expect the 7-kg block to move down the
plane. The acceleration for both blocks should have the same
magnitude since they are joined together by a nonstretching string.

Figure 3.9

aFi=ma -mgsn35°+T=ma

aF,=ma, -mgsn35°+T=-ma
and
-(2)(9.80) sin 35° + T = 2a

-(7)(9.80) sn35°+ T=-7a

T=175N a=3.12m/s
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; Example 3.11

Find the acceleration of the 20kg block shown in Figure 3.10

Ty T2 Y Y,
...........
5kg ) (S 10kg T T T,
i nid
i : / i l > < l
E T Tz
B B Wl WZ
T1T TTz
20kg
i 20°9.8

Figure 3.10

; Solution

) A ali LgiS ja alad) yiiei s 5KQ V) AESY e s J)sadl 128 Jal
MW 050 58 Al Yy 8l ol Ml T alad) 4 A8 al o Cumy L Ain e

F=ma T,=5a (¢D)]
10Kg (s AY) Au<l Jially
F=ma T,=10a 2
Alsal) Gl QS AT Cogan GEES NS o Can g
196N - T;-T, =20 a (3)
J 23 (3) 5(2) 5 (1) Vabaal Jay
a=5.6ms
T,=28N
T,=56N
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FORCE OF FRICTION
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3.5 Forceof friction

s Areclrrmnan

L
ooveloadie

e Al 5 g3 Gyl ileal i)
PR RRETAPRE LA
iacliph ol oo, ax
— <lly s smooth surfaces
Al )l aYaleal) 22e Y
ASlSaa) Blse Jal daliad)
- Ua gt Lnkd (f 2y (1,
Calida 5 58l Clgaie pe Jalail
Tl s W) i leel o
a il sy all g N Jadll a5
Jadie F A< ,al e 5 jiga
e 3 i 35l e Al g s
force SKia¥is @ ag4S all
f 3eb W % s 0f friction
oladl e Ladla 5 5ill oda oladl
Lsdd oo Aailh a5 AS Al

AS i) mlanl
558 0 Lo ) Adenl) a0
BEE P EARCGTRE LY

zliny G Alaad) Lila 3 abaadl ¢ 3 1385 L AS il alua S GllSia) 5 8 (e
A s o8y G ) e is Gaaiia dladl e By B3 S5 ) padidl
ol aall (Y 138 5 8 (53 e D Camanal A DU 5 g8 (f U ) @l

g AN 5 8L S paia

datic friction 5sSul) S<a¥) Lo e o5 ) K] i oSy ) 13
Kkinetic friction S ol cll<iali
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Force of friction I
[ I |
Static of friction I Kinetic of friction I
fs=mN fk=mN

Sy NSAYT (i T3] Jail) 35388 ga Lol coulin AlSia) 558 of Llae aay il
f S s o

f=mN (3.5
Coefficient of o A< AV Dl 85 «AMaY) Jalan (candi Mua
Coefficient of kinetic e S al ellia¥) dla & Wi m tatic friction

friction, m
Gl JSaN e Loy NSaY1 8 5 ann o 5 _figall 3580 G 3D Jias e
N N motion
F F
fs fr >
femN
w w
szn](N
F
< Suticregion ——=| <—— Kineticregion —— >

Figure 3.11
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AN Jalaas 58l SV Jabra o SH Ll 58y (S a) AlSiaY) Jalas

.3.};} ‘d UA:\S
3.5.1 Evaluation of the force of friction
Case (1) when a body dlides on a horizontal surface T
F
—>
fu =mN fs o |
snce N=mg (ki Jsal b sa L)
fy =mymg mg
Figure 3.12

Case (2) when a body dides on an inclined surface

fk: mN
since N =mg COSO (Jdiall Jsidl b sa Ls)

fk = mc mg cosq

Figure 3.13

§ Example 3.12

Two blocks are connected by a light string over a frictionless pulley as
shown in Figure 3.14. The coefficient of diding friction between m,
and the surface is m Find the acceleration of the two blocks and the
tension in the string.
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; Solution N

|—

m, —

] ®

m.g

Figure 3.14

Consider the motion of my. Since its motion to the right, then T>f. If
T were less than f, the blocks would remain stationary.

aFc(onm) =T-f=ma

aF, (onm)=N-mg=0
sincef =N =myg, then

T = my(atny)

For m,, the motion is downward, therefore m,g>T. Note that T is
uniform through the rope. That is the force which acts on the right is
also the force which keeps m, from free falling. The equation of motion
formyis:

aF, (onmp) =T -mg=- ma P T=m(g-a)

Solving the above equation

Mp(a+ny) - my(g-a) =0

_am,- mm 0
a=g———1g
Em+m, 5
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ThetensonTis

T= ngi
; Example 3.13

A 3kg block starts from rest at the top of 30° incline and dlides a
distance of 2m down the incline in 1.5s. Find (a) the acceleration of the
block, (b) the coefficient of kinetic friction between the block and the
plane, (c) the friction force acting on the block, and (d) the speed of the
block after it has dlid 2m.

; Solution

Given m = 3kg, q=30°, X =2m, t=1.5s
X = %atz p =-a (157 b a=178ms

_mm,(1+mg
m +m,

QHO

mg sin30 - f = mab f=m(g sin30-a) f = 9.37N
N-mgcos30=0Pp N = mg cos30
f=9.37N y

f
= — =0.368
m N

V= V2 + 2a (X% )

V=0+2(1.78)(2) = 7.11

then
v=267m/s

Figure 3.15
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; Example 3.14

A 2kg block is placed on top of a 5kg block as shown in figure 3.16.
The coefficient of kinetic friction between the 5kg block and the
surface is 0.2. A horizontal force F is applied to the 5kg block? (b)
Calculate the force necessary to pull both blocks to the right with an
acceleration of 3m/s”. (c) Find the minimum coefficient of static friction
between the blocks such that the 2kg block does not dip under an
acceleration of 3m/s’.

; Solution

N
} Nl NZ
2kg 2kg f f lx
F s ',
5kg | | . 5kg | _,F
2
S m.g < l
mzg
Figure 3.16

(a) The force of static friction between the blocks accelerates the 2kg
block.

(b)F-fzzmalD F-m\,=ma
F-(0.2) [(5+2) " 9.8] = (5+2) " 3 b F=a47N
() f=mNy;=ma

m(2°9.8)=2"3
m=0.3
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§ Example 3.15

A 5kg block is placed on top of a 10kg block. A horizonta force of
45N is applied to the 10kg block, while the 5kg block tied to the wall.
The coefficient of kinetic friction between the moving surfaces is 0.2.
(@) Draw a free-body diagram for each block. (b) Determine the
tension in the string and the acceleration of the 10kg block.

YR . N
§ Solution .
N2
N,

7
7 5kg —5kg | f )
? ' F — 10kg
? kg |— » l ‘ —
T I, e ) l
1
mzg
Figure 3.17
Consider the 5kg block first
fi-T=0b T=f;=mmg=02" 5" 9.8=9.8N
Consider the 10kg block
aF,=ma 45-f, - f,=10a Q)
ar,=0 N>-N;-10g=0 (2

f2:n1\|2

but N, = N;+10g from equation (2)
then f, = m(N;+10g) = 29.4N
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from equation (1)
45-98-294=10a

a=0.58m/s’

§ Example 3.16

A coin is placed 30cm from the centre of a rotating, horizontal
turntable. The coin is observed to dip when its speed is 50cm/s. What
is the coefficient of static friction between the coin and the turntable?

§ Solution

N =mg (1)
2
f=mY )
r
Since f=mN=mmg
N
substitute in equation (2) f
V2
mmg = mT mg
m= ﬁ =0.085 Figure 3.18
rg

§ Example 3.17

A cart is loaded with bricks has a total mass of 18kg and is pulled at
constant speed by a rope. The rope is inclined a 20° above the
horizontal and the cart moves on a horizontal plane. The coefficient of
kinetic friction between the ground and the cart is 0.5. (@) What is the
tension in the rope? When the cart is moved 20m, (b) How much work

is done on the cart by the rope? (¢) How much work is done by the
friction force?
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mg
Figure 3.19

v Solution
Tcosg-f=0 D
N+ Tsing-mg=0 2
f=mN=n(mg - Tsinq) 3

Substitute (3) in (1)
Tcosg - m(mg - Tsing) =0

\T=—"9 794N
cosq + msing

(b) Wr =Tcosq ™ s=1.49kJ

s 58 Alana of () (53 135 Jha (s g Alsall My B3l dejud) Y
i (s sbos KU ) 1Y ¢ haa
Whee =Wr + W =0
then
W = - Wr = -1.49kJ
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3.6 Questions with solution

1. If an object is at rest, can we
conclude that there are no
external forcesacting on it?

Answer: No. The body may be at rest if the
resultant force on it is zero. For example, the force of
gravity and the normal force act on a body at rest on
atable.

2. A space explorer isin a spaceship moving through
space far from any planet or star. She notices a large rock, taken as a
specimen from an alien planet, floating around the cabin of the spaceship.
Should she push it gently toward a storage compartment or kick it toward the
compartment? Why?

Answer: Regardless of the location of the rock, it still has mass, and a large force
is necessary to move it. Newton's third law says that if he kicks it hard enough to
provide the large force, the force back on hisleg will be very unpleasant.

3. How much does an astronaut weigh out in space, far from any planets?

Answer: Zero. Sncew = mg, and g = 0in space, thenw= 0.

4. Identify the action-reaction pairsin the following situations: (a) a man takes
a step; (b) a snowball hits a girl in the back; (c) a baseball player catches a
ball; (d) a gust of wind strikes a window.

Answer: (a) As a man takes a step, the action is the force his foot exerts on the
earth; the reaction is the force of the earth on his foot. (b) The action is the force
exerted on the girl's back by the snowball; the reaction is the force exerted on the
snowball by the girl's back. (c) The action is the force of the glove on the ball; the
reaction is the force of the ball on the glove. (d) The action is the force exened on
the window by the air molecules; the reaction is the force on the air molecules
exerted by the window.

5. While a football is in flight, what forces act on it? What are the action-
reaction pairswhile the football isbeing kicked, and whileit isin flight?
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Answer: When a football is in flight, the only force acting on it is its weight,
assuming that we neglect air resistance. While it is being kicked, the forces acting
on it are itsweight and the force exerted on it by the kicker's foot. The reaction to
the weight is the gravitational force exerted on the earth by the football. The
reaction to the force exerted by the kicker's foot is the force exerted on the foot by
the football.

6. A ball isheld in a person's hand. (a) Identify all the exter nal forces acting on
the ball and the reaction to each. (b) If the ball is dropped, what force is
exerted on it while it is falling? Identify the reaction force in this case.
(Neglect air resistance.)

Answer: (a) The external forceson a ball held in a person's hand are its weight and
the force of the hand upward on the ball. The reaction to the weight is the upward
pull of the ball on the earth because of gravitational attraction. The reaction to
the force on the ball by the hand is the downward force on the hand exerted by the
ball. (b) When the ball is falling, the only force on it is its weight. The reaction
force is the upward force on the earth exerted by the ball because of gravitational
attraction.

7. If a car is travelling westward with a constant speed of 20 m/s, what is the
resultant force acting on it?

Answer: If an object moves with constant velocity, the net force on it is zero.

8. A rubber ball is dropped onto the floor. What force causes the ball to
bounce back into the air?

Answer: When the ball hits the earth, it is compressed. As the ball returnsto its
original shape, it exerts a force on the earth, and the reaction to this thrustsit back
into the air.

9. What is wrong with the statement, " Since the car is at rest, there are no
forcesacting on it." ? How would you correct this sentence?

Answer: Just because an object is at rest does not mean that no forces act on it.

For example, itsweight always actson it. The correct sentence would read, "Snce
the car isat rest, there is no net force acting on it."

- -
NN
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3.7 Problems

1. A force, F, applied to an
object of mass m1 produces an
acceleration of 3m/s”. The same
force applied to a second object
of mass m, produces an
acceleration of 1M/s”. (a) What
is the value of the ratio my/m,?
(b) If my and m, are combined,
find their acceleration under the
action of theforce F.

2. A 6-kg object undergoes an
acceleration of 2 nvs’. (a) What
is the magnitude of the
resultant force acting on it? (b)
If this same force is applied to a
4-kg object, what acceleration
will it produce?

3. A force of 10N acts on a
body of mass 2 kg. What is (a)
the acceleration of the body, (b)
its weight in N. and (c) its
acceleration if the force is
doubled?

4. A 3-kg particle starts from
rest and moves a distance of
4m in 2s under the action of a
single, constant force. Find the
magnitude of the force.

5.A 5.0-g bullet leaves the
muzzle of arifle with a speed of
320 m/s. What average force is
exerted on the bullet while it is

108

travelling down the 0.82m-long
barrel of the rifle?

6. Two forces F; and F, act on
a5-kgmass. If F; =20 N and
F, = 15 N, find the acceleration
in (@) and (b) of the Figure
3.20.

F

Fu
F
60 F.
——
Figure 3.20

7. An électron of mass 9.1x10
¥kg has an initiad speed of
3.0x105m/s. It travels in a
straight line, and its speed
increases to 7.0x10° m/s in a

distance of 5.0 cm. Assuming
its acceleration is constant, (@)
determine the force on the
electron and (b) compare this
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force with the weight of the
electron, which we neglected.

8. A 25kg block is initidly at
ress on a rough, horizonta
surface. A horizontal force of
75N isrequired to set the block
in motion. After it isin motion,
a horizontal force of 60N is
required to keep the block
moving with constant speed.
Find the coefficient of satic
and Kkinetic friction from this
information.

9. The coefficient of satic
friction between a 5kg block
and horizontal surface is 0.4.
What is the maximum
horizontal force that can be
applied to the block before it
dips?

10.A racing car accelerates
uniformly from 0 to 80 knvh in
8s. The external force that
accelerates the car is the
friction force between the tires
and theroad. If thetiresdo not
spin, determine the minimum
coefficient of friction between
the tires and the road.

11.Two blocks connected by a
light rope are being dragged by
a horizontal force F as shown
in the Figure 3.5. Suppose that
F=50N, m=10kg, m, =20
kg, and the coefficient of
kinetic friction between each
block and the surfaceis 0.1.

Dr. Hazem Falah Sakeek

(@ Draw a  free-body
diagram for each block.

(b) Determine the tension, T,
and the acceleration of the
System.

12.The parachute on a race car
of weight 8820N opens at the
end of a quarter mile run when
the car travelling a 55m/s.
What is the total retarding force
required to stop the car in a
distance 1000m in the event of
abrake failure?

13.Find the tension in each cord
for the systems described in the
Figure 3.21.

14.A 72-kg man stands on a
spring scale in an elevator
starting from rest, the elevator
ascends, attaining it maximum
velocity of 1.2 m/s in 0.8 s. It
travels wit this constant
velocity for the next 5.0 s. The
elevator then wundergoes a
uniform negative acceleration
for 1.5 and comes to rest.
What does the spring scale
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SRR

R

B

Figure3.21

register (a) before the elevator
starts to move (b) during the
first 0.8s? (c¢) while the
elevator is travelling at
constant velocity? (d) during
the negative acceleration
period?

15.A toy car completes one lap
around a circular track (a
distance of 200m) in 25s. (a)
What is the average speed? (b)
If the mass of the car is 1.5kg,
what is the magnitude of the
centripetal force that keep it in
acircle?

16.What centripetal force is
required to keep 1.5kg mass
moving in a circle of radius
0.4m at speed of 4m/s?

17.A 3kg mass attached to a
light string rotates in circular
motion on a horizontal,
frictionless table. The radius of
the circle is 0.8m, and the string
can support a mass of 25kg
before breaking. What range of
speeds can the mass have
before the string breaks?

=
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4.5 Work and kinetic energy
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4.1 Work and Energy

b Al 3 D s G el ple s pe Al 5 i) g sede
dnhling 5 ¢Sl 43kl 5 cMechanical energy 4yl i)l Jie ddbiie ) sua
438l ; «Chemical energy LSl 48l , cElectromagnetic energy
sl ) .Nuclear energy iyl i sl s «Thermal energy i j .l
Di b A5 KN A8 e B oSty AT ) JSE e Jpath Al s g
Al ) W) Jsatil Ay peS Al ) Ja 4y oy (8 4 i) Al A8

ostal gaad lan pga 28N Y a3 Al 5 S 5a

Energy

M echanical

Nuclear

Chemical

Electromagnetic

iy 4y @b, .Mechanical energy e S 5 Cagu el e s all 138 g
Jaal of La S0 0 Jaays EDEN ol ) B (s Lemams 0 5580 e e
st ol 8 il e el 05 Lema dalall gl L 5 Al S 28U
Al Cuay Aeatie ae a5l aa il IS5 Jelat LS WY el S Al
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4.2 Work done by a constant force
a3l Gogw by (Fagd Ll cian sl i da) 3 @l ana 25a iic
Al by ) i aa (g sl Al ) Aia g 5 8l e (B30 (5SS Ladie Ay
O () Joa all a5 5 8l ania g Aal JY) Axdie (gl ) s (5S Laxie 450
Jaall olal)

As Al olad) b Aalitie 5 b -

Figure4.1

The work in this case is given by the equation
W=Fs (4.1)

A Al olad) e Wk dyg) 3 Jaxs Laliita § -

F F
| |
S | L"“..--' 1
Q= s Feost @y F cosd
| $ | H
' i ®) >

Figure4.2
The work in this case is done by the horizontal component of the force
W=F cosg s (4.2

The above equation can be written in the directional form as dot

product
® ®

W=F.s (4.3
The unit of the work is N.m which is called Joule (J).
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§ Example 4.1

Find the work done by a 45N force in pulling the luggage carrier
shown in Figure 4.2 at an angle g = 50° for a distance s= 75m.

§ Solution

According to equation 4.2, the work done on the luggage carrier is
W = (Fcosq ) s= 45 cos 50° x 75 = 2170J

Work can be positive or negative

Important Notes

" The object must undergo a displacement s.

" F must have a non-zero component in the
direction of s.

" Work is zero when there is no displacement.

“ Work is zero when the force is perpendicular
to the displacement.

" Work is positive when F is indirection of
displacement or when 0£g<90 as in Figure
4.3(a).

" Work is negative when F is in opposite
direction of displacement or when 90<q£180 as
in Figure4.3(b).

Dr. Hazem Falah Sakeek

Figure4.3
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§ Example 4.2

The weight lifter shown in Figure 4.3 is bench-pressing a barbell
whose weight is 710N. He raises the barbell a distance 0.65m
above his chest and then lowers the barbell the same distance.
Determine the work done on the barbell by the weight lifter
during (a) thelifting phase and (b) the lowering phase.

§ Solution

(8) Thework done by the force F during the lifting phase is

W = (Fcosq ) s= 710 cos 0° x0.65 = 460J [Positive work]
(a) Thework done by the force F during the lowering phase is

W = (Fcosq ) s= 710 cos 180° x0.65 = -460J [ Negative work]

§ Example 4.3

A force F = (6i - 2J) N acts on a particle that undergoes a displacement
s=(3i +j) m. Find (a) the work done by the force on the particle and
(b) the angle between F and s.

§ Solution

(@ W= F.s= (60 - 2)).3i +]) = (6)(3) + (-2)(1) = 18 - 2 = 16]

()  F=FZ+F} =6 +(-2) =632\

s= \/sf +s) = V¥ +1> =3.16m

W=F scosg
Fs 6.32° 3.16

q = cos'(0.8012) = 36.8°
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4.3 Work done by a varying force
055 Ladie 48 al) ae dalaill 8 Lae by Coges Jadll o seie aladind of Ll U S3
e 55 TON Lo )08 dakiiie 558 of (o it Lo Glld oy gil 5 Aaliiie ye 5 58l
20M s jlade 4 sl Y s 6l X%=25mM I X=5M e dilise o jail s
B (55 il s (SN 5 LS Al Y1 sy 551y sma i Ly D il
X Jsaa 5 ) 5 pise A A

Work = F s=10x(25-5) = 200J

10N R Aaial) cad daluadl oo 3 ke g
" 20m 4lshs 10N 4da 5i Jebicaal) Aakeus

Figure4.4

rdal O e o LS dal 3Y) DA s e s gl o< Al 8 L

W = oF,dx

Ly Aadal) cad dabual) oo 5 s 1aag

AN
L

5 dx 10 X

Figure4.5
i a3y el gls sl 5 sl s<E Jin DX la a5 s dal ) 23l Allal oda B

DW = F, Dx (4.4)
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¢ IS DA Jsdaall Jaill Laws 55y o) 3ol 15 68l s andty Liad 13
A Al ADaIL Gl e el Koy 4l canlinas g

W=gq F.Dx (4.5)

prd e deans S jaal ) Jo5 Ll 6 oSa e il DX Aal3Y) Jas ie
&) Jsat Al Aaladd s 3

W = ¢F,dx (4.6)
(Fx=F cosq o LaY) Jaill dalall 5 ) suall 2 03 5

W = ¢F .dx (4.7)

§ Example 4.4

If an applied force varies with position according to F, = 3x® - 5,
wherex isin m, how much work is done by this force on an object
that moves from x=4m to x=7m?

§ Solution

F=3-5
x2 7 é3 l:17
W= ¢fFdx  f8x*- Hdx & x* - 5x
x1 4 84 H4
W= 1.59kJ
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4.4 Work done by a spring
omiessd e dlae Anlai Spring <os i ey
b @3l A 8558 G Cum A ) as
Hooke' slaw < s 58 sa 5 Ul (L
Fsz' kX
e Jan bl 3 LEYT 5 ey 3l i ea k Cas
X Aa) Y o) (e b el a3l k5 8
Work done by a spring:
Ws = Wme 0 + Woe xm =Z€M0

858 Aol 53 pmsall el Jsdaall Jadl) oY elldg
Jadll (5 s %=0 () X=Xy 0 =33
O o 35 58 Aol gy assad) el jail J sl

AL S X=X S Xi=0

Work done by an external agent:
el @l pat) s A e Aol 5 Jsdaall Jal)
Xi=Xm i) X=0 O sdan & s 5 Juaiall
WFapp:% KX

Figure 4.6

sl 5l e JeS @y agi pe aws Aa) ) dal e g 4.5 il (<20
Jsdmall Jadll Cluals LA 3Y) ok ge Lt 0 Aol ) 558 o
Fapp s Jadl 5580 o yiins %20 (A X=X 0 &y 3 eday 2y i Aad 5y

&l Fs &n il s 48 s sl

Fapp = - (-kX) = kx (4.8)
The work done by the external agent is
Xm Xm 1
WFapp = d:app dx = dO(dX = E kXm2 (49)
0 0

558 ddand g Jsial) il il (55l Gum & 58 Adand o Jsduadl il f sy

RE PN KW
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4.5 Work and kinetic energy
O L Lisa 3 13 _a_,,;)asg@;aﬁ\;‘\&)m”@\ O A o) 3al 8 L
OB Gulling X s oladl (A F Lo e dakilie 58 () G paiy M 4GES aua

o ans S G

F,=ma (4.10)
Al od s 8 Jsduall Jadll (8 S o auall LS jan Al 4K s YY) S 13
Aleally ary

W=F,s=(ma)s (4.11)

LT EUEVt CERCJE PR TR I D Y

Vi -V
t

o Joant Jal) Alilae i imppeill s

s:%(vﬁvf)t & a=

@ -V O
W=m g;:i (vi +V, )t (4.12)
t 52
w= 1 mvi - 1 mv;? (4.13)

The product of one half the mass and the square of the speed is defined
asthe kinetic energy of the particle and has a unit of J

K= % mv’ (4.14)

W=K; - K; (4.15)

This means that the work is the change of the kinetic energy of a
particle.

W= DK (4.15)

058 o oSy DK A8 jal) e & sl (K15 das ge Lalls KA jal) Zila o JaaY
Jjia o lase o Wl
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§ Example 4.5

A fighter-jet of mass 5x10%kg is travelling at a speed of
vi=1.1x10'm/s as showing in Figure 4.7. The engine exerts a
constant force of 4x10°N for a displacement of 2.5x10°m.
Determinethefinal speed of the jet.

[ LN

o . -

: . S

.
>

Imitial kinetic | Final kinefic
gnergy = ;m vpt | energy = 5m urz

§ Solution

According to equation 4.7, the work done on the engine is
W = (Fcosq ) s = 4x10° cos 0° x 2.5x10° = 1x10")

Figure4.7

The work is positive, because the force and displacement are in the
same direction as shown in Figure 4.7. Since W = K - K| the fina
kinetic energy of the fighter jet is

Kf =W+ Ki
= (1x10™)) + % (5x10°%kg) (1x10°mVs)® = 4.031x10%)

The final kinetic energy is K; = ¥% mv¢, so the final speed is

2K 102
v, :\/ i :\/2(4'0,3 140 ) —1.27" 10°M/s
m 5710

AN de o e Sl A8 el cul€ 13 L ge Sas Jiy & jaadl o Gua
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4.6 Power

The power is defined as the time rate of energy transfer. If an
external force is applied to an object, and if the work done by this force
is DW it thetimeinterval Dt, then the average power is:

DW
Pave = o (4.16)
The instantaneous power is given by
p = Jim DWW - AW (4.17)
oeo Dt dt
p=dW_p ds (4.18)
dt dt
\ P=Fv (4.19)

The unit of the power is Jswhich is called watt (W).

§ Example 4.6

A 65-kg athlete runs a distance of 600 m up a mountain inclined
at 20° to the horizontal. He performs this feat in 80s. Assuming
that air resistance is negligible, (a) how much work does he
perform and (b) what is his power output during therun?

/‘

20
s
Figure 4.8
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§ Solution

Assuming the athlete runs at constant speed, we have

where W, is the work done by the athlete and W is the work done by
gravity. Inthis case,

W, = -mgs(sinq)
So

W =-W; =+ mgs(sing)
= (65k()(9.80nVs?)(600m) sin20°
(b) His power output is given by

p,= Wa _131710°J _ 4 gapw
Dt 80s

§ Example 4.7

A 4-kg particle moves along the x-axis. Its position varies with
time according to x = t + 2t°>, wherex isin m and tisin s. Find (a)
thekinetic energy at any timet, (b) the acceleration of the particle
and the force acting on it at time t, (c) the power being delivered
to the particle at time t, and (d) the work done on the particle in
theintervalt=0tot=2s.

§ Solution

Givenm=4kgand x =t + 2>, we find

v—%——(t+2t) 1+ 6t2
dt

K=%mv2=E (A)(I +6t)% = (2+ 24t + 72t J
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(b) az - E(1+6t) 12t m's’
dt  dt
F=ma=4(12t) =48t N
© P:%:Z—T——(2+24t+72t) (48t + 2885)W

[or use P = Fv = 48t (1 + 6t)]
(d) W=K:-K| wheret =0 and t=2s
Att=0,

Ki=2J
Atti=2s,

=[2 + 24(2)* + 72(2)"] = 1250 J

Therefore,

W= 125" 103J
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4.7 Questions with solution
1 Can the kinetic energy of an object have a '
negative value?

Answer: No. Kinetic energy = 1mZ Since
2

V2 is always positive, K is always positive.

2 What can be said about the speed of an
wor k done on that object is zero?

object if the net

Answer: Its speed remains unchanged. This can be seen from the work-energy
theorem. SnceW= DK = 0, it followsthat v = v;.

3 Using the work-energy theorem, explain why the force of kinetic friction
always hasthe effect of reducing the kinetic energy of a particle,

Answer: The work done by the force of diding friction is always negative. Snce
the work done is equal to the change in kinetic energy, it follows that the final
kinetic energy islessthan the initial kinetic energy.

4 One bullet has twice the mass of a second bullet. If both are fired such that
they have the same velocity, which has mor e kinetic ener gy?

Answer:  The kinetic energy of the more massive bullet is twice that of the lower
mass bullet.

5 When a punter kicks a football, is he doing any work on the ball while his
toe isin contact with the ball? Is he doing any work on the ball after it loses
contact with histoe? Arethere any forces doing work on the ball whileit isin
flight?

Answer: As the punter kicks the football, he exerts a force on the ball and also
movesthe ball. Thus, he is doing work on the ball. After his toe loses contact with
the ball, the punter no longer exerts a force on it, and thus, he can no longer do
work on it. While in flight, the only force doing any work on the ball, in the
absence of air resistance, is the weight of the ball.
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6 Do frictional forces always reduce the kinetic energy of a body? If your
answer isno, give exampleswhich illustrate the effect.

Answer: No. For example, if you place a crate on the bed of a truck and the truck
accelerates, the friction force acting on the crate is what causes it to accelerate,
assuming it doesn't dip. Another example is a car which gets its acceleration
because of the friction force between the road and its tires. This force is in the
direction of motion of the car and produces an increase in the car's kinetic energy.
Of course, the source of the energy is the combustion of fuel in the car's engine.

- X .
NN

128 www.hazemsakeek.com



http://www.hazemsakeek.com

Lecturesin General Physics

4.8 Problems

(D If a man lifts a 20-kg
bucket from a well and does 6
kJ of work, how deep is the
well? Assume the speed o the
bucket remains constant as it is
lifted.

(2) A 65kg woman climbs a
flight of 20 stairs, each 23 cm
high. How much work was
done against the force of
gravity in the process?

(3) A horizontal force of 150 N
is used to push a 40-kg box on
a rough horizonta surface
through a distance of 6m. If the
box moves at constant speed,
find (a) the work done by the
150-N force, (h) the work done
by friction.

(4) When a 4-kg mass is hung
verticaly on a certain light
spring that obeys Hooke's law,
the spring stretches 2.5cm. If
the 4-kg mass is removed, (a)
how far will the spring stretch if
a 1.5-kg massis hung on it, and
(b) how much work must an
external agent do to stretch the
same spring 4.0 em from its
unstretched position?

(5) If an applied force varies
with position according to F.=
3%’ - 5, where x is in m, how

Dr. Hazem Falah Sakeek

much work is done by this force
on an object that moves from x
=4mtox=7m?

(6) A 0.6-kg particle has a
speed of 2 m/s at point A and
kinetic energy of 7.5J at point
B. What is (a) its kinetic energy
a point A? (b) its velocity at
point B? (c) the total work
done on the particle as it moves
fromA to B?

(7) A 0.3-kg ball has a speed of
15 m/s. (a) What is its kinetic
energy? (b) If its speed is
doubled, what is its kinetic
energy?

(8) Calculate the kinetic energy
of a 1000kg satellite orbiting
the earth at speed of 7x10°ms.

(9 A mechanic pushes a
2500kg car from rest to a speed
v doing 5000J of work in the
process. During this time, the
car moves 25m. Neglecting
friction between the car and the
road, (@) What is the fina
speed, v, of the car? (b) What is
the horizontal force exerted on
the car?

(10)A 3-kg mass has an initial

velocity v, = (61 - 2)) m/s. (a)
What isits kinetic energy at this
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time? (b) Find the change in its
kinetic energy if its velocity
changesto (8i + 4j) m/s.

(11)A 700-N marine in basic
training climbs a 10-m vertical
rope at uniform speed in 8 s.
What is his power output?

(12 A weightlifter lifts 250kg
through 2min 1.5s. What is his
power output?

(13)A 200kg cart is pulled
aong a level surface by an
engine.  The coefficient of
friction between the carte and
surface is 0.4. (a) How much
power must the enginge deliver
to move the carte at constant
speed of 5m/s? (b) How much
work is done by the engine in
3min?

(14)A 1500-kg car accelerates
uniformly from rest to a speed
of 10 m/s in 3s. Find (a) the
work done on the car in this
time, (b) the average power
delivered the engine in the first
3s, and (c) the instantaneous
power delivered by the engine
at=2s

(15 A woman raises a 10-kg
flag front the ground to the top
of a 10-m flagpole at constant
velocity, 0.25 m/s. (a)Find the
work done by the woman while
raising the flag. (b) Find the
work done by gravity. (c) What
is the power output of the
woman while raising the flag?

(16)A 4-kg particle moves
along the x-axis. Its position
varies with time according to x
=t + 2t} where x isin mand t
is in s. Find (a) the kinetic
energy at any time t, (b) the
acceleration of the particle and
the force acting on it at time t,
(c) the power being delivered to
the particle at timet, and (d) the
work done on the particle in the
interval t=0tot=2s.

(17)The resultant force acting
on a 2kg particle moving along
the x axis varies as F = 3%° - 4x
+ 5, wherex isinmand F, isin
N. (a) Find the net work done
on the particle as it moves from
X = 1mto x = 3m. (b) If the
speed of the particle is5 m/s at
x = 1m, what isits speed at x =
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POTENTIAL ENERGY AND
CONSERVATION ENERGY

5.1 Potential energy and conservation energy
5.2 Conservative forces

5.3 Potential energy

5.4 Conservation of mechanical energy

5.5 Total mechanical energy

5.6 Non-conservative forces and the work-energy theorem
5.7 Questions with solution

5.8 Problems

m
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5.1 Potential energy and conservation ener gy

o Las 55 ¢l i anal Kingtic energy 4 sl 4l » seie Gilaal) Jusdl) d Ly
AT Lo s il 138 8 ot L ausal) o Jad i Ladie i anall 4S5 4l
A8l <4, .Potential energy gzl dilh s 5 4SSl ikl o) o
gl o I La s eyl saans Ldrd J ) S AS m Al ) Jsas o gl
5534 () MSiaVl 5 50 (Fg) A V) duilall dlae 548 L) & lalin o 3 5 5l
58 ) cope 5 () anis (5 sl 03a o(Fopp) A A 5 isal 3580 5 (T) 2
oS 13é .non-conservative ikilaa e (558 5 conservative forces ililas
OS13 W cAdablae ()5 8 a3 i sl o aaing Y L3 s e il Jadd)

Alilaa pd ()5S0 oda G jlual) e adiny JRAd)

5.2 Conservative forces

A force is conservative when the work done by that force acting on a
particle moving between two points is independents of the path the
particle takes between the points.

Wheg(along 1) = Weo(along 2)

The total work done by a conservative force on a particle is zero when
the particle moves around any closed path and returns to its initia
position.

Wheg(along 1) = - Weg(along 2)
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Types of forces I

Conservative force Non Conservative for ce
) I ) I
Work independent of the path Work dependent of the path
For ce of Gravity Force of Friction

AT I e (e e Ji diad cilailaal A1 e Ylie dua ) ddlal 58 et
Y5 el Aad) ki o a3y ey Mg sl Gl sy st Jid) s
mh e gl Y1 e L Al A A S 36 Jladd e Jid) adiag

D a5 el (f G )

i JB5 de jluall o adiay Y S

Wy = - mg (¥ - i) A ) Aniad 38 (¥ AT pidaga ¢
LAdadlaa 5 68

) ks o ading Jadl) o i ddailae 38 @0 dels ) 348 o 5 LS
Jsdsa) Jail o Bl Jeadll 3 WlaaY 285 ¢ Jlsdl o ading Y g Jaid 4yl
AL g (5 Cum AL 5550 @y 0 AS a3 s (5 5k ) A 5y

Adad Al ) sa sl s Al
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5.3 Potential energy

When the work done by conservative force we found that the work
does not depend on the path taken by the particle. Therefore we can
define a new physical quantity called the change in potential energy
DU.

The Change potential energy is defined as

DU=(-W)=Uf-Ui=-éj:de (5.1)
X

Al cad aa @313 o8y A el Qi B ) g gl Jid) of lijlu Uale
s dalay Ub Jaddl ol Basaa dalj) dpd ) dpilal) dlas 368 Jia Aliblaa 558
Gl o s gl ¥ Uay el o ading ¥ Al Ao
o) i (e L ANIS by el gl 13 Shad ASal) Al B T s gl
O MG — Uysbuas Linsa S Jhsen padl) 138 ol h 058 Gpma gl Y
Ll S gy 4l puaa) 3 Agag n 081y ASAD oladl B Ll ) 558
S ) gl 13 da) Y1 sladl use B (4d)) 43s8 (¥ @lliy -mgh o
Bob il coan o Al LY Ak (e 4 a0 die acal) Lgaad) ) gl A8l

(Y Apilal) Uas 5 48) dhélaa

5.4 Conservation of mechanical energy
Jaall b Fy A dadlaas i il it X aad s ey 4 Sl aus dsa s i il
ol A8 A b Ll (o sl 5580 Adaud 5y Jshal

W=DK =- DU (5.2)
DK =- DU (5.3)
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DK +DU =D(K +U)=0  (5.4)

This is the law of conservation of mechanical energy, which can be
written as

K +U, =K, +K, (5.5) L aw of conservation
mechanical energy

5.5 Total mechanical energy

48l o e J—alsy Total mechanical energy 40 4SSl A8l o yeil

E=K+U

/ ¥ a5 Al
AN PRE R PEIA]

a8 jal) dals

t sl e AKuSal Gl e i) ()58 A (Sa ln e

L aw of conservation
E=E { W vati ]

mechanical energy

The law of conservation of mechanical energy states that the total
mechanical energy of a system remains constant for conservative

force only. Thismeansthat when the kinetic energy increased the
potential energy decrease.
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Examples

; Example 5.1

A 0.2 kg bead is forced to
dideo africtionlesswireasin
the Figure. The bead starts = \ = p__.=__
fromrest at A and endsup at 1.5m
B after colliding with a light
spring of force constant k. If
the spring compresses a
distance of 0.1 m, what isthe
force constant of the spring?

Figure5.1

; Solution

The gravitational potential energy of the bead at A -with respect to the
lowest point is

Ui = mgh; = (0.2 kg) (9.8 r/s’) (1.5m) =2.94J

The kinetic energy of the bead at A is zero since it starts from rest.
The gravitational potential energy of the bead at B is

Us = mghr = (0.2 kg) (9.8 m/s?) (0.5 m) = 0.98 J

Since the spring is part of the system, we must also take into account
the energy stored in the spring a B. Since the spring compresses a
distance x, = 0.1m, we have

Us= 1 kx.2= 1 k(0.1)?
2 2
Using the principle of energy conservation gives
U =U;+ Us
2.94J=0.98J+ % k (0.1)
k=392 N/m
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§ Example 5.2

A block of mass 0.2 kg is given an initial speed v, = 5 m/son a
horizontal, rough surface of length 2m as in Figure 5.2. The
coefficient of kinetic friction on the horizontal surface is 0.30. If
the curved part of the track isfrictionless, how high doesthe block
rise before comingtorest at B?

Figure5.2

§ Solution

Theinitia kinetic energy of the block is
Ko = % mv = % (0.2kg) (5mVs)?

=250J
The work done by friction along the horizontal track is
W = -fd = -nmgd = -(0.30) (0.2) (9.8) (2) =-1.18J
Using the work-energy theorem, we can find the kinetic energy at A
W =ka - Ko =Ka - 250

Ka=250+W=250-118=132J

Since the curved track is frictionless, we can equate the kinetic energy
of the block at A to its gravitational potential energy at B.

mgh = K, = 1.32 ]

132]

= =0.673m
0.2kg” 98m/ ¢’
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§ Example 5.3

A single conservative force Fx = (2x + 4) N acts on a 5-kg particle,
where x isin m. Asthe particle moves along the x axisfrom x = 1
m to x = 5 m, calculate (a) the work done by this force, (b) the
change in the potential energy of the particle, and (c) its kinetic
energy at x =5mifitsspeed at x =1 mis3 m/s.

§ Solution

Fx=(2x+4) N X=1m Xx=5m vi = 3m/s

xf xf

(3) W= OF, dx = (f2xc+ k=[x +4x], = 57 +4 (5) {1° + 4(1)] =400

(b) DU = -We = -40J
(0 DK+ DU=0 b DK=-DU=-40.0J

K - % mvi= 40J

Ki=40.0J+225J=62.5]

§ Example 5.4

A bead dides without friction 1

around a loop-the-loop. If the
bead is released from a h = h
3.5R, what is its speed at
point A? How large is the
normal force on it if its mass
is5.0?

Figure5.3
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; Solution

It is convenient to choose the reference point of potential energy to be
at the lowest point of the bead's motion. Sincev; = 0 at the start,

E =K +U= 0+ mh = m(35R)
The total energy of the bead at point A can be written as

Ea=Ka+ Up= % Mmva” + mg(2R)

Since mechanical energy is conserved, E; = Ea, and we get
%”“’AZ +mg(2R) = my(3.5R)

VaZ=3gR or vy = (BgR
To find the normal force at the top, it is use to construct a free-body

diagram as shown, where both N and mg are downward Newton's
second law gives

=3mg P N=3mg - mg = 2mg

amal) A A Laiill aie (Y @lly
A Jlae e dad

N = 2(5 x 10 kg (9.80m/s”) = 0.098N

; Example 5.5

A 25-kg child on a swing 2 m long is AN
released from rest when the swing
supports make an angle of 30° with the
vertical. (a) Neglecting friction, find the
child's speed at the lowest position. (b)
If the speed of the child at the lowest
position is 2 m/s, what is the energy loss
dueto friction?

Figure5.4
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; Solution

(@  First, note that the child falls through a vertical distance of
h=(2m) - (2m) cos30°=0.268 m

Taking U = 0 at the bottom, and using
conservation of energy gives

Ki + Ui = Kt + Us

O+mgh:% mvZ+ 0
v=Cogh =29 mis

(b) If v = 2 m/s, and friction is present, then
1
W= DK+ DU = (% mve® = mvi2)+ 0 - mgh
W =-15.6J

; Example 5.6

A block of mass 0.25kg is placed on a vertical spring of constant
k=5000N/m, and is pushed downward compressing the spring a
distance of 0.1 m. Asthe block isreleased, it leaves the spring and

continuesto travel upward. To what maximum he|ght abovethe
point of release doesthe block rise?

; Solution T

Taking Ug = 0 to be at the point of release, and
noting that = v; = 0, gives

E|:K|+U|:O+(Us+ Ug)|
1
E =5 kx2+ 0=25J

When the mass reaches its maximum height h,
v¢= 0, and the spring is unstretched, so Us = 0. Figure5.5

E: = K¢ + Us = 0 + mgh = (0.25 kg)(9.80 m/s’) h
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Since mechanical energy is conserved, we have E; = E;, or
(0.25 kg)(9.80 m/s)h = 25J

h=10.2m
YA Example 5.7 e ®
A ball whirlsaround in a vertical circle mg l T,

at theend of astring. If theball'stotal :
energy remains constant, show that the |
tension in the string at the bottom is
greater than the tension at the top by
six times the weight of the ball. }

§ Solution

mg

Applying Newton's second law at the
bottom (b) and top (t) of the circular path gives Figure 5.6

T,-mg= ™% (1)

R
7
= )

Tt+m:

Subtracting (1) and (2) gives
2

2
Tb:Tt+2mg+w @A)

Also, energy must be conserved; that is,

DK+ DU=0. So,
%mvb2 - %mvtz +(0-2mgR) =0
- )

R
Substituting (4) into (3) gives

Tp =T + 6mg.

= 4mg (4)
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§ Example 5.8

A 20kg block is connected
to a 30kg block by a light
string that passes over a
frictionless pulley. The
30kg block is connected to
a light spring of force
constant 250N/m, as in
shown in the Figure. The
spring is  unstretched

when the system is as _

shown in the figure, and Figureb.7
theinclineissmooth. The

20kg block is pulled a distance of 20cm down the incline (so that
the 30kg block is 40 cm above the floor) and isreleased from rest.
Find the speed of each block when the 30kg block is 20cm above
thefloor (that is, when the spring is unstretched).

§ Solution

AN Cnaad s 530 Ly JUatiad 0 ALl a X i ) saad) 138 ]
Ug=0 a—ash idlh of (i @l . X=0.2M ¢ Jully s s22a0 diliss 20Kg
aie bl Ae 5w A VoS e LS 5 8 20Kg ABSY Aed o) die aulie

o3l Al 08 o) Y e sy Lad s 5

DK +DUs+DUg =0
(Kt- Ki) + (Ug- Ug) + (Ugt- Ug) =0
él 2 AU 1 ., . _
gi(ml+m2)v - OH+(O- Ekx ) + (m,gxsing - mgx) =0
e ol Ao iluad Aslaadl Jaig pidly Aal) Asladdl b (g

v=1.24m/s
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5.6 Non-conser vative for ces and the wor k-ener gy theorem
Lold (Ao o 8 ) ALYl il 5 8 Jie diilae e 558 g Jaledll Ala
A Sl 4Bl a el o e ety 3 Gl (sl aadtis o adais Y
Qi) Al 535 ) ym US55 e gy B (o 5 5m lin (Y | s (5 shasy 24
gl s asan Joid ael 5 dadl 58 ) zlias Y NS 5 68 dagis sl
i

A jall ddla & sl (o gl Jadd Cjueuem
W= DK (5.6)

Y5 se Jal (35S Uil 5 W aliilae (5 8 Aand 50 Y 5a 5% 5 il (f Camg
Mhe 300l 4l 5o ddddlae 2 g 8 Aol o

Wi + W, = DK (5.7)
o) Al 8 sl s s b W Aailae 5 58 ddand 5 Jrdll of Cam g
W, +-DU = DK =} W, = DK+ DU
LS al dala il g sbon ddailaa ye 368 ddand o Jsduall Jadl o i 2a
oasl Al a el ) Ayl

Wnc = (Kf+Uf) - (K, + U.) (58)

Wnc = Ef - Ei (59)

Jedaall Jaddl of o paly oM g 4Bl 5 Jadl) G ABall alal) ) oSAY ey 13 g
ASal) ABUY (b S il o gbay Adblae 5 6B Aad oy
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§ Example 5.9

A 3kg block dlides down a rough incline Im in length as shown in
thefigure. The block starts from rest at the top and experience a
constant force of friction of 5N. the angle of inclination is 30°. (a)
Use energy methods to determine the speed of the block when it
reach the bottom of the incline.

§ Solution

y=0

Figure 5.8

Wie=E-E
Whe = (KetUp)-(Ki + Uj)
-fs= (12 mv* + 0) - (0 + mgh)

JIA:L\ uSA:I-La;\Y IS éS)JAS\ fu.u;“ @L@.\S\ r&ﬂ:)u“ J\;i\ USA:I Alalaall 038 8%y
LS i 58 aladinly 4 de jud)
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5.7 Questions with solution

1 A bowling ball is suspended from the ceiling of a lecture
hall by a strong cord. The bowling ball is drawn from its
equilibrium position and released from rest at the tip of
the demonstrator's nose. If the demonstrator remains
stationary, explain why he will not be struck by the ball
on its return swing. Would the demonstrator be safe if
the ball wer e given a push from this position?

Answer: The total energy of the system (bowling ball) must be
conserved. Since the ball initially has a potential energy mgh, and
no kinetic energy, it cannot have any kinetic energy when returning
toitsinitial position. Of course, air resistance will cause the ball to
return to a point dightly below itsinitial position. On the other
hand, if the ball is given a push, the demonstrator's nose will be
in big trouble.

2 Can the gravitational potential energy of an object ever have a negative
value? Explain.

Answer: The potential energy mgy of an object depends on the position of the
reference frame. If the  below the object, we call the potential energy positive
(positive y value). If the object is below the origin, the potential energy is negative
(negative y value). Thisisthe convention used in the text.

3 A ball is dropped by a person from the top of a building, while another
person at the bottom observes its motion. Will these two people agree on the
value of the ball's potential energy? On the change in potential energy of the
ball? On the kinetic energy of the ball?

Answer: The two will not necessarily agree on the potential energy, since this
depends on the origin--which may be chosen differently for the two observers.
However, the two must agree on the value of the change in potential energy, which
is independent of the choice of the reference frames. The two will also agree on
the kinetic energy of the ball, assuming both observers are at rest with respect to
each other, and hence measure the same v.

4 When nonconservative forces act on a system, does the total mechanical
energy remain constant?
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Answer: No. Nonconservative forces such as friction will either decrease or
increase the total mechanical energy of a system. The mechanical energy remains
constant when conservative forces only act on the system, or when nonconservative

forces do zero work.

5 If three different conservative for ces and one nonconser vative force act on a
system, how many potential energy terms will appear in the work-energy

theorem?

Answer: Three. Onefor each conservative force.

6 A block is connected to a spring that is suspended
from the ceiling. If the block is set in motion and air
resistance is neglected, will the total energy of the
system be conserved? How many forms of potential
energy aretherefor thissituation?

Answer: Yes, the total mechanical energy is served since
there are only conservative forces ting: gravity and the
spring force. Hence, there two forms of potential energy:
gravitational potential energy (mgy) and spring potential

energy (vky?) .

7 Consider a ball fixed to one end of a rigid rod with
the other end pivoted on a horizontal axis so that the
rod can rotate in a vertical plane. What are the
positions of stable and unstable equilibrium?

Answer: Only one position (A), the lowest point, stable.
All other positions are ones of unstable equilibrium.

A

frmm e

NN
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5.8 Problems

1) A single conservative force
acting on a particle varies as F
= (-Ax + BX9)i N, where A and
B are constants and x is in m.
(@ Cdculate the potential
energy associated with this
force, takingU = O at x= 0. (b)
Find the change in potential
energy and change in kinetic
energy as the particle moves
fromx=2mtox=3m.

2) A 4-kg particle moves aong
the x-axis under the influence of
a single conservative force. If
the work done on the particle is
80J as the particle moves from
x=2m to x=5m, find (a) the
change in the particle’s kinetic
energy, (b) the change in its
potential energy, and (c) its
speed at x=5m if it starts at rest
at x=2m.

3) A single conservative force
Fx = (2x + 4) N acts on a 5-kg
particle, where x isin m. As the
particle moves aong the x axis
fromx = 1 mto x =5 m,
calculate (a) the work done by
this force, (b) the change in the
potential energy of the particle,
and (c) its kinetic energy at x =
5mif itsspeed at x =1mis 3
nvs.

150

4) Use conservation of energy
to determine the final speed of a
mass of 5.0kg attached to a
light cord over a massess,
frictionless pulley and attached
to another mass of 3.5 kg when
the 5.0 kg mass has fallen
(starting from rest) a distance of
2.5 masshownin Figure 5.9

Figure5.9

5) A 5-kg mass is attached to a
light string of length 2m to form
a pendulum as shown in Figure
5.10. The mass is given an
initial speed of 4m/s a its
lowest position.  When the
string makes an angle of 37°
with the vertical, find (a) the
change in the potential energy
of the mass, (b) the speed of the
mass, and (c) the tension in the
sring. (d) What is the
maximum height reached by the
mass above its lowest position?
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Figure5.10

6) A 0.5-kg bal is thrown
vertically upward with an initial
speed of 16 m/s. Assuming its
initial potential energy is zero,
find its kinetic energy, potential
energy, and total mechanical
energy (@) at its initial position,
(b) when its height is 5m, and
(c) when it reaches the top of
its flight. (d) Find its maximum
height using the law of
conservation of energy.

7) Two masses are connected
by a light string passing over a
light frictionless pulley as
shown in Figure 5.11. The 5-kg
mass is released from rest.
Using the law of conservation
of energy, (a) determine the
velocity of the 3-kg mass just as
the 5-kg mass hits the ground.
(b) Find the maximum height to
which the 3kg mass will rise.

Dr. Hazem Falah Sakeek

Figure5.11

8)A 5-kg block is set into
motion up an inclined plane as
in Figure 5.12 with an initial
speed of 8 m/s. The block
comes to rest after travelling 3
m along the plane, as shown in
the diagram. The plane is
inclined at an angle of 30' to the
horizontal. (a) Determine the
change in kinetic energy. (b)
Determine the change in
potential energy. (c) Determine
the frictional force on the block
(assumed to be constant). (d)
What is the coefficient of
kinetic friction?

o S g G e = -

Figure5.12
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9) A block with a mass of 3 kg
starts at a height h = 60 em on
a plane with an inclination angle
of 30, as shown in Figure 5.13.
Upon reaching the bottom of
the ramp, the block dlides along
a horizontal surface. If the
coefficient of friction on both
surfaces is ,Ux = 0.20, how far
will the block dlide on the
horizontal  surface  before
coming to rest? [Hint: Divide
the path into two straight-line
parts].

Figure5.13

10)The coefficient of friction
between the 3.0-kg object and
the surface in Figure 5.14 is
0.40. What is the speed of the
5.0-kg mass when it has fallen a
vertical distance of 1.5 m?

G ki

Figure5.14
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11)A mass of 2.5 kg is attached
to a light spring with k = 65
N/m. The spring is stretched
and alowed to oscillate freely
on a frictionless horizontal
surface, When the spring is
stretched 1 O cm, the kinetic
energy of the attached mass and
the elastic potential energy are
equal. What is the maximum
speed of the mass?

12)A block of mass 0.25 kg is
placed on a vertical spring of
constant k = 5000 N/m and is
pushed downward, compressing
the spring a distance of 0.1 m.
As the block is released it
leaves the spring and continues
to travel upward. To what
maximum height above the
point of release does the block
rise?

13)A block of mass 2 kg is kept
a rest by compressng a
horizontal massess  spring
having a spring constant k =
100 N/m by 10 cm. As the
block is released it travels on a
rough horizonta surface a
distance of 0.25 m before it
stops. Calculate the coefficient
of kinetic friction between the
horizontal surface and the
block.
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14)A 6-kg mass, when attached
to a light vertical spring of
length 10 cm, stretches the
spring by 0.3 cm. The mass is
now pulled downward,

stretching the spring to a length
of 10.7 cm, and released. Find
the speed of the oscillating mass
when the spring's length is
10.4cm.

=
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THE LINEAR MOMENT AND COLLISIONS

6.1 The Linear M oment
6.2 Conservation of linear momentum
6.3 Collisons
6.3.1 Perfectly Inelastic collisions
6.3.2 Elastic collisons
6.3.3 Special cases
6.5 Problems
6.4 Questions with solutions

(:@
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Al e Llall o oli DA e caa s of (S Lagi€ a ol lanss aaliaiy Laic
4S5 A aall o sghe a2did (A€ (pnin Ol 3 8 LAS el A e Lilisd)
) G aaliaill Caia ol 38 )

6.1 The Linear M oment

The linear moment (p) of a particle is defined as the mass of the
particle multiplied by its vel ocity.

p=nmv (6.1)
The linear moment is a vector quantity and has a unit of kg.nvs.
bl a5al auly (L) Gans S (Linear moment) iuball 3S Al dueS e
Bl Cajad Cum (B (s 58 DA e anall o 5 i3l 380 o gedar Jasi
e (g 5bei 8 il 358 S 36 aveall Glat]) 3S a) A 8 Ll Jae Ly
ALl (588 dglasl) 4S el dpes
From Newton's second law of motion we have

r r dv
m_

F=ma= (6.2
r db
\ F=— 6.3
at (6.3)
or we can write the equation as
dp= Fdt 6.4)

s s al Ell Al s gl a5 gl sa Auadll AS el A 8 el o
Prdfle s At e die P A0S s e pnead dpladl) 3S al) A0S B )
di ) 2o
t
Db =B, - b = e (6.5)
5
s IMpulse deaall exisana 4l 5 1S e ey Aalaall 501 oyl

Bl dxia 53 i (PR yisall 58l b i
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Impulse ( II ) is a vector quantity defined as the force acting in short
time and its equal to the change in momentum of the particle. The
impulse has a unit of N.s.

= D{) == (\j:dt (66)

The impulse equation is equivalent to the Newton's second law of
motion.

; Example 6.1

A car travelling at speed of 300m/s strikes a stone of mass 0.5kg
and 20cm in size. Estimate the force exerted by the stone on the
car.

; Solution

il ey bl aladaial J8 Gl S A jiia g gld aall A<l A
u)\.d\UA;\S);“:\:\AS‘;QJ:\J\uh;u&q‘gmhjﬁ)w\asw);ﬂ\ﬂ)ia

R W (i
rr 'ir
| =Dp= gyt
&
therefore,
t
ok r r
O~ dt = Dp = D(mv)
]
=0.5x300 -0 = 150N.s
To find the force we should estimate the time
Gy pabiadll 40
:E:%:?' 10 %s / ‘;BM\UAJ'“UA
v 300 48 t_las.\ 3Ll
= s
The force F is equal to 2x10°N 20
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; Example 6.2

A ball of mass 0.4kg is thrown against a brick wall. When it
strikesthe wall it ismoving horizontally to theleft at 30m/s, and it
rebounds horizontally to the right at 20m/s. Find the impulse of
the force exerted on the wall.

YA Solution

The impulse of the force exerted on the wall is equal to the change in
momentum,

o r o
| =Dp=p; - P

therefore, the initial momentum p; of the ball
p, =mv=0.4" (- 30) =- 12kg.m/s

therefore, the final momentum p; of the ball
p; =mv=0.4" (20) =8kg.m/s

the change in momentum is
Dpb=p, - p, =8- (- 12) =20 kg.m/s

Hence, the impulse of the force exerted on the ball is 20 N.s. Since the
impulse is positive, the force must be toward the right.

; Example 6.3 Q

A ball of mass 0.1kg is dropped - |

from height h=2m above the h(=1.5m :
floor as shown in Figure 6.1. It

rebound vertically to height Y IV
h(=1.5m after colliding with the !
floor. (a) Find the momentum of

the ball before and after the ball Figure6.1
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colliding with the floor. (b) Determine the average force exerted
by the floor on theball. Assumethe collision timeis107s.

YA Solution

(&) From the energy conservation, we can find the velocity of the ball
before and after the collision,

1 >
—mv.,” =mgh
5 mg
1m\/fzzmgh(]:
2

hence,

v, =,/2gh =42 9.8" 2 =6.26m/s

Vv, =4/2gh¢=+/2" 9.8" 1.5 =5.42m/s
The initial and final momentum is,
|'oi = m\'/, =-0.626 jkgm/s
|'of = m\'/f =0.542jkgm/s
(b) The force exerted by the floor on the ball is,
Db=p; - b = FIX
L [0.542] - (-0.626))]
10°?
5 g say s cdna ¥) Audlal) Aac 38 e IS Sl aoliail) 348 o Laadls
5 —SI o aslaail) (g Al 5 ) jall Aais 83 gidall AB ) o gy gl V) (i )

o

=1.17" 10%jN
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6.2 Conservation of linear momentum

AY aal) 38 m LS i pua S (8 anll Lagiany pe Jlass aalay Laxie
Ol b W e o B8 kg LAY aead) e B8 fisae ana JS oY
SV 8 uSleie s Jlatall ol sl

Y Impulse axall 553 o I a1 g
. :
12 Sl b e asladll 5 @ Pla

G sl b Jall s elay) 8 huSlei

\Fél 1a s Bl L Cpamall SISU AS Al e

m, LS al il o Bl g gils Gy L

Figure 6.2 . .
.Conservation of linear momentum

Suppose that at time t, two particles collide with each other, the
momentum of particle 1 is p; and the momentum of particle 2 isp,. In
collision the particle exerts aforce on each other asfollow,

r_dp, r _dp,
F. =- F,. =—"<
Yt & 2t

where F,, is the force on particle 1 due to particle 2, and Ié21 is the

force on particle 2 due to particle 1. From Newton's third law of
motion, then,

F,=-F, (6.7)
hence,

F,+F, =0 (6.8)
therefore,

dp, dp, _d,r r
S Tl + =0 ]
i dt& P,) (6.9)

Since the time derivative of the momentum is zero, therefore the total
momentum ( P) remains constant, i.e.

p= [r)l + |52 =const.  [Conservation of momentum]  (6.10)
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If the initial velocity of the particles 1 and 2 is vy and v, and the final
velocity of the particles 1 and 2 is vis and v we get,

rnl\llli + mz\I/Zi = ml\lllf + mz\I/Zf (6.11)
or
bli + bzi = blf + be (6.12)

This equation represents the law of conservation of momentum.

; Example 6.4

A cannon of mass 5000kg rest on
frictionless surface as shown in
figure 6.3. The cannon fired
horizontally a 50kg cannonball. If
the cannon recoil to the right with
velocity 2m/s, what is the velocity
of the cannonball just after it leaves Figure 6.3
the cannon?

YA Solution

Using the conservation law of momentum
1 1 1 1
Py + P = Puis * Py

since the total momentum before firing is zero, therefore the tota
momentum after firing is zero as well.

rnl\llli +mz\I/2i =0 & rnl\lllf + mz\I/Zf =0
the velocity of the cannonball just after it leaves the cannon is
- \V/ _
=2 M _-9000. 5 ooomis
m, 50

Al o)) e el ) @ e 23380 Al Ao jud) o I s AL 5 LEY)

V2f
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6.3 Collisions

L e Blaall 5l e dalgll cilipdadll (o ey COIISIONS Gpans (a2l
2893 ol dieys il iMPUlse paa s sy AV e s S fi% Cus A8 )
e @l ailal Jia and) Laginas e (pansadl (o (e Ll pilaill )5S
e axy e alaill 5 S Gl g a5 58 adlal sl @l €
e sl pe 0585 aabaiS A adiall luall asbias

Al e Blal fase o cpadine gl 2305 ) lual) o claslaill aps (S
6.4 UK b daum e oo el gl o 5 38 al) A

Types of Collison I
I
Perfectly I nelastic
collision

Figure6.4

l Inelastic collision

l Elastic collision

Inelastic collision: is one in which the momentum is conserved, but
the kinetic energy is not conserved.

Perfectly Inelastic collision: when the two objects stick together after
collision and they move with the same vel ocity.

Elastic collison: is one in which the momentum and the kinetic
energy are conserved.

When two particles collide as shown in Figure m M,

6.5 the impulse force Ié12 will change the <_OC>_>
momentum of particle 1 and the impulse force Fiy Fa
lé21 will change the momentum of particle Figure 6.5
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2, therefore,

t
r 0
Dp,= (0t the change momentum of m,
t.

t
r . r
Dp, = (,dt  the change momentum of m;
f;

By applying Newton's third law of motion we get,

F12 =- F21
hence
Dp,+Dp,=0 (6.13)

Therefore, the total momentum P is constant

Jrloal 1aa e Aadls Sasleaill bey anad 48l dejudl ge 13l V) Jsad
L 5 & Lasine &Sl 43S L 5S5 A) cladbaill g5 o cpe 53 (g pains
A el el UK 5yl e clastal

6.3.1 Perfectly Inelastic collisions

Ayt aal Al 2 ayg 49N de pu e JS 05S Glaalall e g gl e
) A a ghne A all A€ 5K Ala sda By L LegalSl Ban) 5 At Aoy lanal
o A el Al (K1 aaliail) aey Al A€ g sl aalaill Jd S al) 3

s oda b dai A jall AaS e Laliad) ()il Bk 13g] Ads géas

Before collision After collision
Vi Vo, : :
m Vi
1
m m+ m,
Figure 6.6
1 1 1
Py + Py = Pas2y s
Before collision After collision
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By applying the law of conservation of momentum, therefore,

My, +my, = (m +m,)v, (6.14)
Hence, the final velocity of the two colliding particlesis,
Joo MY my, (6.15)

m +m,

; Example 6.5

A car of mass 1000kg moving with velocity of 20cm/s hit another
car of mass 2000kg at rest. The two cars moves with the same
velocity due to collison. (a) What is the velocity of the two cars

after the collison? (b) How much kinetic energy is lost in the
collison?

YA Solution

(&) Since the two cars moves as one object therefore, the collision is
inelastic.

Before collision the momentum is
p, =myv, =1000" 20=2" 10"kg.n/s
p; =(m, +m,)v, = (1000 +2000)v, =3000v,
The momentum before collision = the momentum after collision
therefore the final velocity is,
_ b _2°10°
m+m, 3000

v, = 6.66Ms.

(b) The kinetic energy before collision (K;) = the kinetic energy after
collision (Ky)

Ki:Kf

Dr. Hazem Falah Sakeek 165



Chapter 6: The Linear Moment and Collisions

K, :%mlvf %mzvzf =%' 1000° (20)° +0=2"10°J

K, :%(ml +m,)v, > :%' (1000+2000)" (6.66)2 +0=0.66" 10°J

Hence, the kinetic energy islost in the collision is
K, - K; =1.34" 10°J

; Example 6.6

A bullet of mass m is fired to a large wood block suspended by
string. The bullet is stopped by the block of mass M, and the
entire system swing through a height h. Find theinitial velocity of
the bullet before collison. Assume m=10g, M=2kg, and h=12cm ?

Before collision After collision

V. h=12cm

Figure6.7

YA Solution

de s Jie Alle ey A8 jatiall alual) e ju alady 45008 Jha 1aa aadiy
O (e Al Ao ) paay (J5Y) 3 shaall 8 ol Cigus LAualiay (@l
A de 5l Clay o i Al 5 ghall 8 Sl AB) e Ll

B e Balial) 5l Hasily aobadl) J8 dalia )l

166 www.hazemsakeek.com



http://www.hazemsakeek.com

Lecturesin General Physics

Since the collision is inelastic and the total momentum is conserved,
then, from equation (6.15).

-+ ’
Vf = \/]-'—r% Whe’e V2i = Oa m1:m and m2:M
m+m,
Vf - rnvli
m+M

The kinetic energy after the collision is given by
K :%(m'*' M)v,®

Substitute for v we get

2 2
=Y \herev, istheinitial velocity of the bullet
2(m+M)
This kinetic energy is transformed to potential energy i.e.
Ki=(m+M) gh
or
m?v,?
2(m+M)

w:?ﬂ?/Zgh
e m g

h‘t“—}A;AS\ &133)\ w\ﬂéw%&h&)ﬂ@\i\d\)}\ 4.‘:)...43\ .51;3‘\ uSA:a‘U.ﬂa.A]\ FRYY B8]
.eJLAA..m Az

=(m+M)gh

for m=10g, M=2kg, and h=12cm the velocity of the bullet is
vi = 301.5 nv/s

6.3.2 Elastic collisons

S amy bl ey 5 4800 Aoy aa IS (6 Gladliall) (e g 53l 1
AL ging A8 ) dill 5 A8 ) A0S o JS (0sSE Ala odn L Aglgl de e aua
A< jal) Adla Gl 5 sl amy A8 jall A€ (g st anliaill Jd A8 el 4pS (o

Dr. Hazem Falah Sakeek 167



Chapter 6: The Linear Moment and Collisions

Gillae Y gl GLED ey L aaliaill aey A el Al (g glud pabadll J

For two particles my and m, moving with initial velocities vy and Vs,
undergo elastic collision. Find the final velocities vi; and v, of the two
particles after collision.

Before collision After collision
Vi Vi
2 V. : V.
m, m, ¥ oom m, 2
Figure 6.8
Before collision After collision

1 1 1 1

Py t Py = Pir T Pos

Ky + Ky = Kip + Ky

To find the final velocities vi; and v we need two equations, since the
collision is elastic then, the first equation is found using the law of
conservation of momentum and the second equation is found the law
of conservation of kinetic energy.

By applying the law of conservation of momentum, therefore,
1 1 1 1
MVy; + MV, = MV + MLV (6.16)

By applying the law of conservation of kinetic energy, therefore,
1 r 1 r 1 r 1 r
Errllvn2+§rr12V2i2zimvlf2+§rrlzvzf2 (6.17)

o 18 e sl IS 13 Lo e ) ol it Ll gia £0aS eyl (f
S 1S e sl S 13 Al Al (555 (e
rearranging equation (6.17) we get,
ro r r r
rq(vliz - Vlfz) = rnZ(VZfZ - V2i2) (6.18)
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If we take the terms of m; on one side and the terms of m, on the other
side we get,

MV - Vi )V +Vg ) =my (Vo - Vy )(Vy V) (6.19)
rearranging equation (6.16) we get,
m (Vg - Vi) =my (Vo - V) (6.20)
by dividing the equations (6.16) & (6.19) to eliminate m; & M, we get
Vy HV =V, +V, (6.21)
or
V- Vo = - (Vg - Vy) (6.22)
Ao pul) (3% il (g b anall A5 Ao ) G J () i (6.22) Aalaal
oAl il Alla 8 Gpanall Al
Gle 7l sl sl 48 jal A e Lliall Alilas ge 5 5aY) Al dasind oKa
T LS Lo (filalaall s At 5855 U je Ledbiali pasbiaiall (panall 43063

m 9, + & 2T -v (6.23)
gmﬁ m, g ;a g ?
v, =22 9, M- MY (6.24)

ml+mz;a gmﬁng

Cum Ao ) ol 5l Glasall 8 380 o Cany ) (pilalaal) 8 (o el 2ie
p—saall LS 1) Al Ao ) (5S35 Gaad) () S e penll S 1Y s 5o 580
el Y S e
6.3.3 Special cases
Case 1: When my = mp, then vis = vy and Vor = vy
aolaill A (el Laguiany g e juall (Yol Cpadbiaiall Gravsad) o Jiny 138
sl ) S aalial A& sy LS (g al)
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Before collision After collision
Vi Vai Vit = Vi Var = Vi
m, m, m_m,
m=m,
Figure 6.9

Case 2: when mass my isinitially at rest i.e. v = 0, the final velocity is
given by,

_am-m0
= gi N\ 2
Vlf rnl + rnz _BVlI (6 5)
v, = 2m 9, (6.26)
m+m, g
Before collision After collision
vy, Va=0 Vie v,
o> O < —
m, m, m, m,
vy =0
Figure6.10

Case 3: when my is very large compare with my, then v, » v, and
Vor » 2V
QD aadl (8 e Lol Sha Cait poiad Ui s pem lla b ad ey 1
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Before collision After collision
vV, V=0 : Ve = Vi
O
:ml m, m m, Vo= 2V;,
m;>>m,
Figure6.11

; Example 6.7

A block of mass m;=2kg moving
to the right with a speed of 5m/s
on frictionless horizontal track

- e e e a6 Bl

collides with a spring attached to
a second block of mass m,=3kg
moving to the left with speed of
4m/s, as shown in figure 6.12.
The spring has a spring constant
of 500N/m. at the instant when
the speed of 3m/s, determine the : F——
velocity of m, and (b) the distance LT

x that the spring is compressed. L

; Solution

(&) Since the collision is elastic, the momentum and kinetic energy is
conserved, we have

MVy + MV = MV + MLV,
V,; isnegative because the direction of the velocity isto the left

bt

Figure6.12

2" 5+3 (-4)=2" 3+(Jv,,
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\ v, =-2.66m/s

The negative sign indicates that the final velocity of my, still moving
towards the left.

(b) the distance x that the spring is compressed could be found using
the law of conservation of kinetic energy.

1 1 1 1 1
Eleuz +§szzi2 =§le1f2 +§szzf2 +§kX2
The term % k¢ is the energy of the spring after collision, if we

substitute for the values we can get the value of x
x=0.34m

; Example 6.8

A 12 g bullet isfired into 100g wooden block initially at rest on a
horizontal surface. After impact, the block dides 7.5m before
coming to rest. |If the coefficient of friction between the block and
the surface is 0.65, what was the speed of the bullet immediately
before impact?

m

[ [
:4— 7.5m —»I

Figure6.13
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X\A Solution

sl aay de sanall de s Vo (b dalia )l Lgy chilladl 3 de yul) o o gl
Lana 85l eV V=0 foa b de sanall Al Aoyl 5V & 5 il
LISy

Since the collision is totally inelastic, and the momentum is conserved,

my, =(m +m,)v,
hence,
v=812 9 _ 1oy, (R)
el2+100 g

The initial kinetic energy is lost due to the work done by the force of
friction. Since,

W, =DK == —(m +m,)y’
and
W, =- fs=-mmgs
hence,
%(ml +m,)v;” = m(m, +m,)gs
or
v.> = 2ngs
substitute for v; from equation (3) we get,
(0.107)>v,>=2" 0.65" 9.8" 7.5
Vo = 91.2nVs
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; Example 6.9

Consder a frictionless track ABC as shown in Figure 6.14. A
block of mass m;=5kg is released from A. It takes a head-on
elastic collison with a block of mass m,=10kg at b, initially at rest.
Calculate the maximum height to which m1 will rise after the
collision.

T m,

5m

i m,

__________ B C
Figure 6.14

XSA Solution

O aas s il aleaill J B ikl sie . AESY deju lals Y Tl
rle Joani oa= 0 ol Lo A0l 480l e Lalial)

Ka+Ua =Kg + Ug

O+mlgh:%mlv52 +0

Vs =4/2gh =427 9.8 5=9.9m/s
A1l (6.26) (6.25) ol xal) padi s 1A adbadll Jd A3l mp ALY o Gue
(2 sl

aam - m,0 a®-100.
= N, = < 99=-33m/s
Vur gm +m, u 85+1og
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v, =2 9 =22 50 g9-66ms
gmﬁmzia e5+10g

iy Sl Y e g ABSY o sy AESD A8l el AL 5 LY
2y My ABSY ) Jess o oS p i) ol S5 el ) atia My AES)
(A B e LIS dalha) e Laliad) () gl andi aalal)

1
mmtimwz

2 2
V. -
h¢:i :ﬂ =0.556m

; Example 6.10

A block of mass m dides down a smooth, curved track and collides
head-on with identical block at the bottom of the track as shown
in Figure 6.15. (a) If the collison is assumed to be perfectly
elastic, find the speed of the each block after the collision, and the
gpeed of block B when it reaches point C. (b) If the collison is
perfectly inelastic (the two blocks stick together), find the speed
of the blocks right after the collison and the maximum distance
they move above point B.

; Solution

(@) thecollision is perfectly elastic

B
Figure6.15
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Bl (5l lasinly 5 pdle acleail) 08 A i) vie AES) de u alals Y fad
Lie S pa il ) Jpan A Al e pa gl Ay Ll (LSS 8D e
_B .-I.n.“

Ka+Ua=Kg + Ug

1
0+ mgh:Eva+0
v=,/2gh
G dal s LS e ) Gl i aliaill die 43é ol sluiie GAESD (o s
1 Aalal) A

When my = my, then vy; = v and v, = 0, therefore, the velocity of block
B after collisonis ,/2gh , while block A comesto rest.

Lale (iSalSuall 8 o Bliad) )58 aadins C ikl i B ALSY de ju say
.C ikl s qum g Al g A4S ja Al Y Jam B Akl die A8 al) ik ol

1 2 1 2 h
“mve+0=="nmv.” + —
> 5MVe mg

3
Qv=,/2gh

1 1 h
—=m(2gh)==nmv_.” +mg—
> m(@gh) =-mv, mg -

2 4
v?=2gh- £gh="gh
. g 39 39
chzg_h

3

176 www.hazemsakeek.com


http://www.hazemsakeek.com

Lecturesin General Physics

(b) Thecaollison isperfectly inelastic

m
PA
e ; V= O // \\:I
'_\\\\7_// C
h Ve
—» -
B he

Figure6.16

S pall BpeS oSl gpall e adbianll Ao Ak géna ye A8UaD (55 Alal) 020 &
OB Sl aoliail) day 35 géaa

mv = (m+ m)w(

ve= %v :%1/29h

i il aey i aN) GRESY 4y Joai o Sy DO gl el sl
B i Ll aie A jad alll b Lde Lo 5al 5 e A0S il e Llial) o 58

0+(m+ m)gh¢:%(m+ m)v€ +0

1 1 o 1
he=——vE =~ & 0n? =2h
2g" 2962V T2
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6.4 Questions with solutions

1. If the kinetic energy of a particle is
zero, what is its linear momentum? |f
the total energy of a particle is zero, is
itslinear momentum necessarily zero? Explain.

Answer: If Ke = % mv® = 0, then v = 0. Therefore, it follows that the
linear momentum = mv = 0. Although the total energy of a particle may
be zero, itslinear momentum is not necessarily zero. A reference frame
can be chosen such as the total energy = Kg + Pg = 0. That is, the
particle has kinetic energy, and hence a velocity which satisfies the
condition that ¥2 mv* + Pz = 0. (In this case, the Pz must be
negative.)

2. If the velocity of a particle is doubled, by what factor is its momentum
changed? What happensto itskinetic energy?

Answer: Since p = mv, doubling v will double the momentum. On the other hand,
since KE = % mv?, doubling v would quadruple the kinetic energy.

3. Does a lar ge for ce always produce a larger impulse on a body than a smaller
force? Explain.

Answer: No, not necessarily. The impulse of a force depends on the (average)
force and the time over which the force acts. The statement is only true if the times
over which the forces, act are equal.

4. In a perfectly elastic callision between two particles, does the kinetic ener gy
of each particle change asaresult of the collision?

Answer: No, not necessary. The kinetic energies after the collision depend on the
masses of the particles and their initial velocities. If the particles have equal mass,
they exchange velocities.

5. Isit possible to have a collision in which all of the kinetic energy islost? If
so, cite an example.

Yes. If two equal masses moving in opposite directionswith equal speeds collide in
elagtically (they stick together), they are at rest after the collision. For example,
two carts on a frictionless surface can be made to stick together with sticky paper.
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6.5 Problems

1. A 3kg paticle has a
velocity of (3i-4j) m/s. Find its
x and y component of
momentum and the magnitude
of its total momentum.

2. The momentum of a
1250kg car is equa to the
momentum of 5000kg truck
traveling at a speed of 10nvs.
What is the speed of the car?

3. A 1500kg automobile
travels eastward at speed of
8m/s. It makes a 90° turn to
the north in a time of 3s and
continues with the same speed.
Find (a) the impulse delivered
to the car as aresult of the turn
and (b) the average force
exerted on the car during the
turn.

4. A 0.3kg ball moving along
a straight line has a velocity of
5im/s. It collides with the wall
and rebounds with a velocity of
-4im/s. Find (a) the change in
its momentum and (b) the
average force exerted on the
wall if the ball isin contact with
the wall for 5x107%s.

5. If the momentum of an
object is doubled in magnitude,
what happens to its kinetic
energy? (b) If the Kkinetic
energy of an object is tripled,

Dr. Hazem Falah Sakeek

what happens  to its
momentum?

6. A 0.5kg football is thrown
with a speed of 15m/s. A
stationary receiver catches the
ball and brings it to rest in
0.02s. (a) What is the impulse
delivered to the ball? (b) What
is the average force exerted on
the receiver?

7. A single constant force of
60N accelerates a 5kg object
from a speed of 2m/s to a speed
of 8m/s. Find (a) the impulse
acting on the object in this
interval and (b) the time
interval over which this impulse
is delivered.

8. A 3kg steel ball strikes a
massive wall with speed of
10nVs at an angle of 60° with
the surface. It bounces off with
the same speed and angle (see
Figure 6.17). If the ball is in
contact with the wall for 0.2s,
what is the average force
exerted on the ball by the wall?

Figure 6.17
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9. A 40kg child standing on
frozen pond throws a 2kg stone
to the east with a speed of
8m/s. Neglecting friction
between the child and ice, find
the recoil velocity of the child.

10. A 60kg boy and 40kg girl,
both wearing skates, face each
other at rest. The boy pushes
the girl, sending her eastward
with a speed of 4nvs. Describe
the subsequent motion of the
boy. (Neglect friction.)

11. A 25kg mass moving
initially with a speed of 10nvs
makes a perfectly inelastic
head-on collison with a 5kg
mass initialy at rest. (a) Find
the final velocity of the
composite particle. (b) How
much energy is lost in the
collison?

12. A 10g bullet is fired into a
2.5kg ballistic pendulum and
becomes embedded in it. If the
pendulum raises a vertica
distance of 8cm, calculate the
initial speed of the bullet.

13. A 1200kg car traveling
initially with a speed of 25nv/s

in an easterly direction crashes
into the rear end of a 9000kg
truck moving in the same
direction a 20m/s (Figure
6.18). The velocity of the car
right after the collision is 18m/s
to the rest. (@) What is the
velocity of the truck right after
the collison? (b) How much
mechanical energy is lost in the
collison? How do you account
for thislost in energy?

PN LTS
B et

e s
’».5'5-.'»,4:.;-5-'

After

Figure6.18
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ROTATIONAL MOTION

7.1 Angular displacement

7.2 Angular velocity

7.3 Angular acceleration

7.4 Rotational motion with constant angular acceleration
7.5 Relationship between angular and linear quantities
7.5.1 Angular velocity and linear velocity

7.5.2 Angular acceleration and linear acceleration

7.6 Rotational kinetic energy

7.7 Torque

7.8 Work and energy of rotational motion

7.9 Angular momentum

7.10 Relation between Thetorque and the angular momentum
7.11 Questions with solutions

7.12 Problems

m

—_—
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Rotational Kinematics

)Y s e Al AS ) 1SS RSl Jgeadll L Ly
s by a8l s Jedll s AS Al o 5 figel (5 sl s Alaall s de
e s g o had) AS el L) aaliadl udai g Juadll
Laic ¢ .Rotational motion il sall 8 jall auly i ey 48 5al)
(A 3V Aal3Y1) Aal3Y) Clus (S a8 Gl Hme Jon pmn 0
LS cdilall 5 Jaidl 5 (A 30 Alaall) Alaall 5 (Al 3 Ao yudl) 4oyl

250 ade Jie s AL 58 aalie e o et
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7.1 Angular displacement

An arbitrary shape rigid body
rotating about a fixed axis through
point O as shown in Figure 7.1.
Line OP is aline fixed with respect
to the body and rotating with it.
The position of the entire body is
specified by the point O and the
angle q which the line OP makes
with x-axis. It is convenient to use
the polar coordinate (r, q) (see
Chapter 1) in describing the
position of point P, where the only
coordinate changing with time is Figure7.1

the angle g ,while remains

constant. In rectangular coordinate both x and y are changing with
time.

Due to the rotationa motion the point P moves through an arc of
length Ds where the Dsisrelated to the angular displacement Dq

Ds=rDq (7.0
Dy = % (7.2)

The unit of displacement Ds isin meter and the radius r is in meter as
well, hence the angular displacement Dg has no unit, but it commonly
the angle is measured by degrees or in radian (rad).

Definition of radian: the ratio of arc length to the radius of the
circle.

For one cycle the point P move and angle Dg =360° and Ds is the
circumference of the circle2pr , substitute in equation 7.2 we get

360 « 2p rad
therefore,
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lrad = 360_ 57.3 (7.3
2p

hence

q =P _q(deg) (7.4)

180° y
For example, 60° equals p/3 rad Q(r.t) \W
and 45° equals p/4rad ~2
r P(r,t)
The point P moves in time Dt to
poitt Q then the angular o "
displacement Dq is given by X
O

g =0q,-q, (7.5)
In time

Dt=t,- 1 (7.6) Figure 7.2

7.2 Angular velocity

We found in time Dt =t, - t, the angular displacement of the point P
changed by Dgq =q, - q,, the average angular velocity of the point P
(w) is defined as the ratio the angular displacement to the time

interval.

d,-4q, — D_q (77)

t,-t, Dt

The instantaneous angular velocity (W) is defined as the limit of the
average angular velocity W asthe time Dt approaches zero

W =

w =1l 1 =" (78)
lim5=4
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The angular velocity has a unit of rad/s. The angular velocity is
positive when Q increases (4ebull o jlie «s 4S )all) and negative when q
decreases (deludl @ jlie (pSe 4S jall),

7.3 Angular acceleration
If the angular velocity of a body changes, then the body will have an

angular acceleration. If W2 and Wi are the instantaneous angular

velocities at time t; and t,, the average angular acceleration (2 ) is
defined as

== (7.9)

The instantaneous angular acceleration (2 ) is defined as the limit of
the average angular acceleration & asthetime Dt approaches zero

. Dw dw
a= — = (7.10)
lim—7 =

The angular acceleration has a unit of rad/s”.

P B0 A a5 () Rl 30 Aa) Y 50 OIS f aadls
() AnlDY) psede Ll (8) 4yl 30 dlaall (W)
Akl 3 b (@) el s (V) e e

(8) G50 Aaall s (W) du 5 Ao ol 3 L8 o]
e aa AS jall il 1Y A ge 5 L) 2l Lgls
Aol jlie e b culS 1Y Al Aol

o f-v.—(" z
A%;é{ 335l A3 el oladl uass (S WOl
A c
Ry NUR N I U OSSR, . U VW W I VN
T ‘
g 3l Al oladl Y aleY) sl sy o))
Figure7.3 1Y dadal e Jaly) Jlad) apa gl i) LS
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ol ol Ayl Asal) o Gumy L (Relad) Gjlie (e A8 jall culS 1Y
Loaie 4y 0 Ao puall oladl (8 (5585 45 1 Alaal) (8 (e 30 dilly 4551 50 Ao yud)
QS 1Y Al ) Ao jul) ol uSe (8 Ayl 50 Alaall (5855 80 Fie Ao ) 5SS

Lol Ay gl 30 de )

Comparison of kinematics symbol of linear and rotational motion

_I Linear motion Rotational motion
Displacement X q
Velocity v W
Acceleration a a

7.4 Rotational motion with constant angular acceler ation

Similar to the equation derived for the linear motion under constant
acceleration we can get the same equation for the rotationa motion
under the constant acceleration. Let's w=w, and q =q, at =0, we

get,

w=w, +at (7.11)
1 .2

q =q, +w,t +Eat (7.12)

w? =w,” +2a(q - d,) (7.13)
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Table 7.1 gives a comparison of kinematics equationsfor the
rotational and linear motion.

Rotational motion at constant Linear motion at constant
angular acceleration acceleration
w=w, +at v=y, +at
1 1
q :qo+w0t+§at2 x:xo+v0t+§at2
2 _ .2 2 _ ., 2
w _Wo +2a(q'qo) \Y _Vo +2a(X' Xo)

; Example 7.1

A whesel rotates with angular velocity of 4rad/s at time t=0, and
the angular acceleration is constant and equal to 2rad/s”. A line
OP in the whed is horizontal at time t=0.

(@) What angle doesthisline make with horizontal at time t=3s?
(b) What isthe angular velocity at thistime?

; Solution

(@ q=q, +W0t+%at2

= 0+4x3+1/2x2x3?
=21rad=21/2prev=3.34rev

The wheel turns through three complete revolutions plus 0.34
revolution = 0.34 rev x 2p rad/rev = 2.15 rad = 123°. Therefore the

line OP turns through 123° and makes an angle of 57° with the
horizontal.

(b) W:WO +at

=4+2x3=10 rad/s
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; Example 7.2

A grinding whedl, initially at rest, isrotated with constant angular
acceleration @ =5 rad/s’ for 8s. The whedl is then brought to rest
with uniform negative acceleration in 10 revolutions. Determine

the negative acceleration required and the time needed bring the
wheel to rest.

; Solution

w =w, +at=0+5x8=40rad/s

Since the whedl is brought to rest after 10 revolutions, its angular
displacement during thisinterval is

g =10rev x 2p rad/rev = 20p rad
In this second interval, W = 0, and Wo = 40rad/s, therefore

WZ:W02+2a(q_ qo):O

a=- W, =- (40)° =-12.7rad/s
2q 2(20p)

Sincew =w, +at, and W = 0 then,

=-C ==3.14s

t:_% e 40 o
a e-12.7g
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7.5 Relationship between angular and linear quantities
7.5.1 Angular velocity and linear velocity

When a rigid body rotates about a
fixed axis, every particle of the body
moves in a circle. The centre of the
circle is the axis of rotation. In the
Figure 7.4 the point P moves in a
circle, the linear velocity vector is
always tangent to the circular path,
the velocity is known as tangential
velocity and we can define it as,

y=Us (7.14)
dt Figure7.4

hence,
V=rw (7.15)

Therefore the tangential velocity of a point P rotating in a circle is
equal to the distance from the axis of rotation multiply by the angular
velocity. We can conclude that every point in the rigid body have the
same angular velocity but have different tangential velocity, and the
velocity increases as the point moves outward from the centre of
rotation.

; Example 7.3

Two wheels connected with string as shown in Figure 7.5. The
small wheel rotates with angular velocity of 6 rad/s, what is the
angular velocity of the other wheel. Assume that the string does
not stretch.
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o _*w:ﬂq\
®__ &

Figure 7.5

; Solution

Since the string does not stretch then we use the equation (7.15) for
both wheels and the linear velocity is the same for them.

v, = Rw, v, = Rw,

But vi = v,

Rw, = Rw, ® w, = R,W, ®

7.5.2 Angular acceleration and linear acceleration

If the angular velocity about a given axis
change in magnitude only by Dw, the
linear velocity in the direction tangent to
the circle of radius r will change by Dv,
where

Dv =rDw

Divide both sides of the equation by Dt

Dv_ . Dw (7.16)

Dt Dt Figure 7.6

Thelimit as Dt approach to zero, then,

dv dw
=_ _ =r— 7.17
P (7.17)
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a =ra (7.18)

where g is the tangential component of the linear acceleration of a
point on arotating rigid body equals the distance of the point from the
axis of rotation multiplied by the angular acceleration.

The radial components of acceleration of a point P in a rotating body
as shown in Figure 7.6.

2

=Y w2 (7.19)
"

Their vector sum is the acceleration a is the total linear acceleration of
the body,

a:,/at2+aT2 (7.20)

a=+yraaZ+rw? =rya?+w? (7.21)

; Example 7.4

A whed 2m in diameter rotates with a constant angular
acceleration of 4 rad/s”. The wheedl starts at rest at t=0, and the
radius vector at point P on the rim makes an angle of 57.3° with
the horizontal at thistime. At t=2s, find (a) the angular speed of
the whesdl, (b) the linear velocity and acceleration of the point P,
and (c) the position of the point P.

XSA Solution

@ w=w, +at=0+at at t=2s
w=4" 2=_8radls
(b) v = rw =1x8=8 rad/s
a = rw?2=1x8?=64m/s’ a =ra =1x4=4m/S

(© q=q, +w,t +%at2=1+[(1/2)x4><22]=9 rad

Dr. Hazem Falah Sakeek 193



Chapter 7: The Rotational motion

; Example 7.5

A disk 8cm in radius rotates at a constant rate of 1200rev/min
about itsaxis. Determine (a) the angular speed of the disk, (b) the
linear speed at a point 3cm from its centre, (c) the radial
acceleration of a point on the rim, and (d) the total distance a
point on therim movesin 2s.

; Solution
1200

(a) W:2pf = ZpE:4q) :126I’ad/8

(b) v=rw =40p~ 0.03=3.77m/s
(© & =rw’—=(40p)*" 0.08=1.26)yg
(d) s=qr=wtr=40p " 2" 0.08=20.1m

; Example 7.6

A 6kg block isreleased from A on a frictionless track as shown in

Figure 7.7. Determine the radial and tangential components of
acceleration for the block at P.

Figure 7.7
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X\A Solution

At the point P the block has two types of acceleration one is the
gravitational acceleration (tangential) and the other is the centripetal
acceleration (radial).

The gravitational acceleration is a, = 9.8 m/s’
The centripetal acceleration a; is given by
Vv 2

=_P
& R

To find the velocity v, we use the law of conservation of energy
EA = Ep

mgh+0:ng+%mv,,2

Vo’ =2g(h- R)
v,2 = 20(5- 2) =60(m's)’
therefore
2
=P = 6_20 =30Mm/s

The resultant acceleration is

a:,/at2 +ar2 =315m/<
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7.6 Rotational kinetic energy

For arigid body consist of small particles
rotating with angular velocity W. The
kinetic energy of a of a particle of mass
m in arotating body is given by

K= 2my’ (7.22)

The tota kinetic energy for all particles
of the rotating body is the sum of the
kinetic energies of the individua

particles, Figure 7.8
_ 0 o1 2 1o 2

K=aK=a;my =2amiw (7.239)

K :%(é mriz)wz (7.24)

The quantity (é mriz) called the moment of inertia, 1, and has a unit of
kg.nm’

| = é mri2 (7.25)

Therefore, the total energy of rotating body
K = % | w? (7.26)

where | is analogous to the massmand W analogous to the v.
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; Example 7.7 y

The four particles in Figure 7.9 are 3kd 29
connected by light rigid rods. If the _A%
systt_am ro_tat&s in the xy plane abqut the 6m
z-axis with an angular velocity of 5 X
6rad/s.. (a) Calculate the moment of < 4m -
inertia of the system abut the z-axis (b) VV
Calculate the kinetic energy of the K '%
g 4kg

system.

Figure7.9

; Solution

(8 The distance between the four particles and the z-axisisr.
r’=3+2°=13n"
Therefore,
| = & mr.? =(3x13)+(2x13)+(4x13)+(2x13)
= 11x13 = 143 kg.n"’

(b) K :%|w2:%' 143" 6%=2.57kJ

; Example 7.8

Three particles are connected by rigid
rod of negligible mass lying along y

axis as shown in Figure 7.10. If the )
system rotates about the x axis with an o % & )
angular speed of 2rad/s, find (a) the A

2 kg @ n= —Zmm

kinetic energy of the particles and (b)
the linear speed for each particle.

Figure7.10
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YA Solution

(8) Thetota kinetic energy is given by

:EIWZ where W = 2 rad/s

The moment of inertial is given by
| = § mr? = 4(3)% +2(- 2) +3(- 4)? =92kg.n?

K :1|w2:1' 92" 22 =184J
2 2

(b) Thelinear velocity for each particle is given by
V=rw

Then
v,=r,w=2"3=6ms
V,=r,w=2"4=8ms
V,=r,w=2"2=4ms

198 www.hazemsakeek.com



http://www.hazemsakeek.com

Lecturesin General Physics

Moment of inertia of rigid bodieswith different shapes

Hoop or
cylindrical shell
I, = MR?

Solid cvlinder

or disk
I. = l MR?
c 3"

Long thin rod

R P
i, = 2 ML

Solid sphere
_ 2
I, = 5 MR

Dr. Hazem Falah Sakeek

Hollow eylinder

Ir. = é _'ll‘f(:le + Rgz;'

3,
>

Ry

Rectangular plate

1 .
= —— M{a? 3
I, 3 fia® + b?)

Long thin rod £ |ﬁ

I = i-Mif'}

Thin spherical
shell

2
= = MRZ2
I. SJH

Figure7.11

199



Chapter 7: The Rotational motion

Rotational Dynamics

Cas s A S all o ol g5 58 aggie UKD 1aa (e (JV) Jacdl) 8 Ly
215V ade a gy Al AS el 85l 5 ylalie Al b AaeS Jusdl) 138 & Ly
A Sall Al e osli gl V) ade Al e Laf S (U) Torque

gyl

200 www.hazemsakeek.com



http://www.hazemsakeek.com

Lecturesin General Physics

7.7 Torque

The torgue in the rotational motion is equivaent to the force in the
linear motion, the torque is defined as the force exerted on arigid body
pivoted about some axis to rotate it about that axis.

t =rF sinf (7.27)

we can write the equation as - | Gy

[ |
tr:|r' F (7.28) rmrxF

The torque has a unit of N.m. T e

The quantity rsinf cdled the | . \\ »
moment arm of the force. it represent ™. “BEEh \
the perpendicular distance from the \f |
line of action of the force to the axis VR
of the rotation. . NGle

The torque is a vector quantity and its b

direction is determine by the right

hand rule, if the rotation of the rigid Figure 7.12

body in the xy plane then the torque

will be in the direction of the postive z axis if the rotation is
counterclockwise and the torque in the negative z axis if the rotation is
clockwise.

C=AxH
* Advaaree

oy "'-;
—D\ g
-.’_,f ,l,ll \."h_
r S i
e

o

Eight-hand rule

Figure7.13
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; Example 7.9

A wheel 1m in diameter rotates on a fixed frictionless horizontal
axle. 1ts moment of inertia about this axis is 5kg.m? A constant
tension of 20N is maintained on a rope wrapped around therim of
the wheel, so as to cause the wheel to accelerate. If the wheel
starts from rest at t=0, find (a) the angular acceleration of the
whedl, (b) the wheel’s angular speed at t=3s, (c) the kinetic energy
of the wheel at t=3s, and (d) the length of rope unwound in the
first 3s.

; Solution

(@ t =rF=20x0.5=10N.m

(b) w=w, +at=0+at=0+2x3=6rads

() K :%IW2=%' 5 62=90kJ

(d) q=q, +w,t +%at2=0+0+[(1/2)x2x32]:9 red

s=rq=05"9=45m
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7.8 Work and energy of rotational motion

If aforce F is applied at a distance r from
the axis of rotation as shown in Figure
7.14. The work done by the force to
rotate the body through small distance ds
in time dt is given by,

dW = F.dS= (Fsinf )rdq  (7.29)

The quantity F SN is the component of
the force witch does work, and called the
tangential component of the force. By

definition the torque T =rFSINf then we Figure7.14
can write the equation as,
dwW =t dq (7.30)
Divide both sides of the equation by dt we get,
dt dt

The left side of the equation is known as the power P delivered by the
force, hence

P= aw =tw (7.32)
dt

7.9 Angular momentum

The angular momentum L of the particle
relative to the origin O is defined by the
cross product of its position vector and

the linear momentumpi.e.
L=t"p (7.33)

The angular momentum has unit kg.m?/s.
The direction of L is determined by the
right-hand rule.

Figure 7.15

The magnitude of L is given by,
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L =mvr sinf (7.34)

where T isthe angle between r and p. The maximum value of L when
f = 90° and equal to mvr, in this case the particle rotates about the
origin.

From equation (7.10)

V=rw

therefore
Ly = MVF = 0 AW (7.35)
L =lw (7.36)

Thisis equivalent to p = mv in the linear motion.

7.10 Relation between The torque and the angular
momentum

In previous chapter we found that the force on a particle equal to the
time rate of change of its linear momentum.
r 1
F = %
dt
Thetorqueis given by,

rr. !
t=r F

therefore,
= dp
dt
By differentiate equation (7.33) we get
r .r
i__( b dp dr.
dt dat dt

The result of the product of the last term in the right hand side is zero,
since v=dr/dt is parallel to p, hence,

(7.37)
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' r

da _r. dp (7.38)

dt dt

r dI'_

t =— 739
& (7.39)

This shows that the torgque acting on a particle is equal to the time rate
of change of the particle’s angular momentum.

Comparison between the equations of rotational

and linear motion

_I Linear motion Rotational motion
Displacement X q
Velocity v W
Acceleration a a
Mass m |
Force F t
Work W = ¢Fdx W = ¢t dg
Kinetic energy K.E =1/2mv? K.E=12Iw?
Power p=Fv p=tw
Momentum L=mv L=1Iw
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7.11 Questions with solutions ®
1. A wheel rotates counterclockwise in the xy plane.
What is the direction of W ? What isthe direction of ‘
a theangular velocity is decreasing in time?

Answer: From the right-hand rule (Figure 7.13), we see ‘
that W isin the +z direction or out of the paper. Since W
isdecreasing intime, @ isinto the paper (opposite W).

2. Are the kinematic expressions for 4, W, and @ valid

when the angular displacement is measured in degree instead
of in radians?

Answer: Yes. However, it is conventional to use radians.

3. A turntable rotates at a constant rate of 45 rev/min.
What isthe magnitude of itsangular velocity in rad/s? What
isitsangular acceleration?

Answer: The frequency of rotation is 45 rotations/min = 45/60 rotations/s. Since 1
rotation corresponds to an angular displacement of 2p rads, the angular frequency
isW = 2pf = 2p (45/60) = 4.71 rad/s. Snce W is constant, the angular
acceleration is zero.

4. When a wheel of radius R rotates about a fixed axis, do all points on the
wheel have the same angular velocity? Do they all have the same linear
velocity? If the angular velocity is constant and equal to W, describe the
linear velocities and linear accelerations of the pointsatr =0, r =R/2and r =
R.

Answer: Yes. All points have the same angular velocity. This, in fact, is what
makes angular quantities so useful in describing rotational motion. Not all points
have the same linear velocities. point at r = 0 has zero linear velocity a
acceleration; the point at r=R/2 has a linear velocity v=(R/2) W, and a linear
acceleration equal to the centripetal acceleration V?/R2 = R(W ,%2. (The
tangential acceleration is zero since W , is constant.) The point at r=R has a linear
velocity v= RW , and a linear acceleration equal to RW 2
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7.12 Problems

1. A whed darts from rest
and rotates with constant angular
acceleration to an angular velocity
of 12 rad/s in a time of 3s. Find
(a) the angular acceleration of the
wheel and (b) the angle in radians
through which it rotates in this
time.

2. The turntable of a record
player rotates at the rate of 33
rev/min and takes 60s to come to
rest when switched off. Calculate
(a) its angular acceleration and
(b) the number of revolutions it
makes before coming to rest.

3. What isthe angular speed in
rad/s of (a) the earth in its orbit
about the sun and (b) the moon in
its orbit about the earth?

4. A whed rotates in such
away that its angular
displacement in a time t is given
by q = at’ + bt*>, where a and b
are constants. Determine
equations for (a) the angular
speed and (b) the angular
acceleration, both as functions of
time.

5. Anélectric motor rotating a
workshop grinding wheel at arate
of 100 rev/min is switched oOff.
Assuming constant  negative
acceleration of magnitude 2 rad/s’
(a8 how long will it take for the
grinding whedl to stop? (b)
through how many radians has the

Dr. Hazem Falah Sakeek

wheel turned during the time
foundin (a)?

6. The angular postion of a
point on a wheel can be described
by q = 5+10t+2t* rad. Determine
the angular position, speed, and
acceleration of the point at t = O
andt=3s.

7. A whed, starting from rest,
rotates with an  angular
acceleration a =(10+6t) rad/s’,
where t isin seconds. Determine
the angle in radians through
which the wheel has turned in the
first four seconds.

8. A racing car travels on a
circular track of radius 250m. If
the car moves with a constant
speed of 45m/s, find (a) the
angular speed of the car and (b)
magnitude and direction of the
car's acceleration

9. The racing car described in
Problem 8 starts from rest and
accelerates uniformly to a speed
of 45m/s in 15s Find (a) the
average angular speed of the car
in this interval, (b) the angular
acceleration of the car, (c)
magnitude of the car's linear
acceleration at t =10s and (d) the
total distance travelled in the first
30s.

10. A whee 2m in diameter
rotates with a constant angular
acceleration of 4rad/s’.  The
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wheel starts at rest at t = 0, and
the radius vector at point P on the
rim makes an angle of 57.3° with
the horizontal at thistime. Att=
2s, find (a) the angular speed of
the wheel, (b) the linear velocity
and acceleration of the point P,
and (c) the position of the point
P.

11. A cylinder of radius 0.1m
starts from rest and rotates about
its axis with a constant angular
acceleration 5 rad/s”. Att = 3s,
what is () its angular velocity (b)
the linear speed of a point on its
rim, and (c) the radiad and
tangential components of
acceleration of apoint on itsrim?

12. A ca is travelling a 36
km/h on a straight road. The
radius of the tires is 25cm. Find
the angular speed of one of the
tires with its axle taken as the axis
of rotation.

13. The system of particles
described in Figure 7.9 rotates
about they axis. Calculate () the
moment of inertia about the y axis
and (b) the work required to take
the system from rest to an angular
speed of 6 rad/s.

14. A light rigid rod 1m in
length rotates in the xy plane

about a pivot through the rod’'s
center. Two particles of mass
4kg and 3kg are connected to its
ends (Figure 7.16). Determine
the angular momentum of the
system about the origin at the
instant the speed of each particle

is5m/s.
. | -.._
»" et piac

Figure7.16

15. The postion vector of a
particle of mass 2kg is given as a
function of time by r=(6i+5tj) m.
Determine the angular momentum
of the particle as a function of
time.

16. (a) Cdculate the angular
momentum of the earth due to its
spinning motion about its axis. (b)
Calculate the angular momentum
of the earth due to its orbita
motion about the sun and
compare this with (a). (Take the
earth-sun  distance to be

1.49x10" m.
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THE LAW OF UNIVERSAL GRAVITATION

8.1 Thelaw of universal gravitation

8.2 Newton’suniversal law of gravity

8.3 Weight and gravitational force

8.4 Gravitational potential energy

8.5 Total Energy for circular orbital motion
8.6 Escape velocity

8.7 Problems

(:@
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8.1 Thelaw of universal gravitation

e Aalil L g ade 5 seiall Byl any olall Alad o6 (g o) gims
Ll i alal e il sl o L) doa g ad s Ll S Laiw 4
Cial ol of Laf s a1 I Sl st A 5 G g ) e

el an o Bl Laa1 s SIS G Alaliad 58 e Bakaiy (gl Al

8.2 Newton’s universal law of gravity

Newton's law of gravitational state that every particle in the universe
attract every another particle with a force proportional to the product
of their masses and inversely proportional to the square of the
distance between them.

therefore,

m
F=G mrlz 2 (8.1)

where G is the gravitational constant, M

and it isequal, Figure 8.1

N.m?
k 2

G=6.67"10" (8.2

To write the force of gravitation equation
in the vector form we make use of the unit
vector f,, which has the magnitude of unity -~
and directed from the mass my to m,, the F&V m,
force on m, dueto my is given by

1

r
Fp=-G 27, (83)
I Figure 8.2
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F,=-F, (8.4)
5 SUs M S v G Alalial) 5580 Ay (il aladl Cadall (56 Lladi) Say
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M_m
F=G— (8.5)
R,

where M. isthe mass of the earth and R. is the radius of the earth.

; Example 8.1 y

Three uniform spheres of mass é}
2kg, 4kg, and 6kg are placed at ©3) 2kg
the corners of aright triangle as
shown in Figure 8.3. Calculate
the resultant gravitational force (-4, /t':
42

on the 4kg mass.
@®—O
F
W
?Olu“,on Figure 8.3

F,=Fp+Fg

The force on the 4kg mass due to the 2kg massis

r m,m, .
F42:G 4221

42
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42
3
F, =593 10%j N

r
F, =(667"10")

The force on the 4kg mass due to the 6kg massis
r m .
Fo =G5 ()
46
4" 6.
47 I

r
Fe=-(667"10")

Fe=-10"10% N
hence,
F, = (- 10 +5.93})" 10° N
F, =116 100 N &  q=149°

§ Example 8.2

Two stars of masses M and 4M are separated by distance d.
Determine the location of a point measured from M at which the
net force on athird masswould be zero.

4M

£2
L 4

O =

- d

Figure 8.4

§ Solution

A LK) e i fsd) ool ol m Al ) e s el gl o8 Sa
05— Ladie Biay 1385 LoladV) b opiSleiey il 8 o sbuie UsSE o camy
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il LS eV AES e il s AM 5 M i€ gy ZE) ABSY i se
.85

M 4M
le I:m2
[ m
:4— X —»>4a—— d-X —»
> d >
Figure 8.5
II:mz =- ll:ml
G m4M =G ml\/i
(d-x) ()
4 1
d-x* (®
Solving for x then,
_d
X = —
3

8.3 Weight and gravitational force

From Newton's second law we define the weight as a kind of force
equal to mg where m is the mass of the particle and g the acceleration
due to gravity, we can define the weight using the Newton’s universal

law of gravity as follow

M_.m
W=mg=G R (8.6)
Therefore the acceleration due to gravity can be found as
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g=G 2; 87)

Substitute for the mass of earth M. = 5.98x10**kg and the radius of the
earth R, = 6.38x10°m

s 24
\ g=GMe g7 10228 10 _g gy (8.8)
R 638" 10

O B 3 A e A M s My GEES cp Adlall 548 o SN o iy L
L e dom ) Adlal dlae aas of (e Ul action-at-a-distance
5580 Ll A ) Al Jlae iy yad oSy s gravitational field il Jss

Apdad Jlae 3 en sall pusall 2B le 5 55l

Q=
I
3| M-

® §=-My (8.9)

Lals a1 S b im0 dailall dlase of e J alad) 5 Lay)

For abody of mass m a distance h above the earth then the distancer in
the equation of the law of gravity isr=Reth

M _m M _m
F=G—£—= = 8.10
ORI -

and the acceleration due to gravity at atitude (¢ &) h, is given by

M M
=G—==G £ 8.11
U TRy e

216
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oY) s e g i Y 5aly ) ae JE A Y Apdlal) Aae o Gl (e i
A (ST osS8 Lexie ) jhia (5583

; Example 8.3

Determine the magnitude of the acceleration of gravity at an
altitude of 500km.

; Solution

g(]:: GLZ
(R.+h)
gt=6.67" 10" 5.98" 10*
(6.38" 10° +0.5” 10°)?
=8.43m/ <2

8.4 Gravitational potential energy

oo hew) Jo d ga ¥ zhe o awal g Gl o Ly Gl Jeadll 3
S oY) s e Ay clilas e D sS5 Laxie 1385 MGh s ks (Y1 s
oY) Sk Caal (e 8K il h (sS0 Laaie

O aall g iy Ladie dpn V1 Adladl Jlase 8 paasl) &8s V) G jains
LAl KAl 8 LS G )5S pal Al AT ) gl

dr

m m

$ o
e i |
| I
r >

Figure 8.6
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To move the particle of mass m from r; to r¢ in the gravitational field g
a negative work W is done by an external agent since the external force
Fe is in opposite direction of the displacement. Therefore the change
in gravitational potential energy associated with a given displacement
dr is defined as the negative work done by the gravitational force
during the displacement,

DU =U, -Ui:-éj:(r)dr (8.12

fi

When the particle move from r; to r;, it will be subjected to
gravitational force given by

r
F=- 2y (8.13)

Substitute in equation 8.12 we get

u,-u, :-GMem(‘)?—ZzGMemg- %‘9 (8.14)
Hence
@& 10
U, -U, :-GMemé—-—z (8.15)
S A

Take U;=0 at ri=¥ we obtain the potential energy as a function of r
from the centre of the earth

GM _m
r

U(r):_

(8.16)
The potentia energy between any two particles my and my is given by

u :-G@ (8.17)
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e baSe i e o Al el Al (o 5 ,aY) Alied) (e it
Lo Ailsall g po g Lo Candlii Auiladl 558 o Cpon 3 Lagis Alalil) dilisd)

Ry chailad (s 8 Ll Lagiy Alaliiall 5580 0 Rl Cpann (o gl Al (558
.Binding energy L sl dilhy Guea on goa sl Al e Gl o

my
o
. . M2, \\ M3
For more than two particles the potential
energy can be evaluated by the algebraic
sum of the potential energy between any m. ; \
two particles. 1 13 m,
Figure 8.7
Utotal :U12+U13+U23 (818)

U = gfmmz mm,mmo g
f hs I Q

Example 8.4

A system consists of three particles, each
of mass 5g, located at the corner of an 30em
equilateral triangle with sides of 30cm.
(a) Calculate the potential energy of the

system. 6
59 Figure 8.8 59
; Solution
Utotal :U12 +U13 +U23
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an’ m mo_ 3GM?

U, =-Gc—+ —+ :
total g r r r B r
, , -11 - 2
U, =3 667 1% - (0.005)° _ | oo 1514

8.5 Total Energy for circular orbital motion

When a body of mass m moving with speed v in circular orbit around
another body of mass M where M>>m as the earth around the sun or
satellite around the earth, the body of mass M is at rest with respect to
the frame of reference. The total energy of the two body system is the
sum of the kinetic energy and the potential energy.

E=K+U (8.20)
Hence
E =%m\/2 _ GMm (8.22)
r

As the mass m moves from initial point i to
a final point f, the total energy remains
constant, therefore the total energy equation
become, Figure 8.9

1 2 GMm_l > GMm
mv,” - ==nmv,” -
2 I 2 I

(8.22)

From Newton's second law F =ma where a is the is the radid
acceleration therefore,

GMm_ mv?
r’ r

(8.23)

Multiply both sides by r/2
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2 2r

L2 = GMm (8.24)

Substitute from equation 8.24 into equation 8.22, we get

E= GMm_ GMm

8.25
2r r ( )
The total energy for circular orbit

E=- GW (8.26)

2r

Note that the total energy is negative in a circular orbit. And the
kinetic energy is positive and equal to one half the magnitude of the
potential energy. The total energy called the binding energy for the
System.

vi=0
®
8.6 Escape velocity
Aoy ol i A I ALY 4 e pladinly
g V) A0l o« escape  velocity ey hoor

Ll G ] Al ey 8 8 DY) e
g ) sl Jlae e DY) cpn a1 Y A

Suppose an object of mass m is projected
vertically upward from the earth with initia
speed vi =v and r; = R.. When the object is at
maximum altitude, vi = 0 and r = rya.

In this case the total energy of the system Figure 8.10
(Earth & object) is conserved, we can use the
equation 8.21

2 ' R F

1mvz_ GM.m_ GM.m (8.27)
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solving for v we get,

I-I-O:

V2= 2G|V|e§eé- (8.28)

1
rmax .

Q

ol i (S Vi ameal U AN e o) e iale 13 Alladd 038 (e
N =rracRe o Gim D asad) ) doay o (S gl )

SLh) die Jall g L Jie dum Y dpilall Jlae e awall cDEY) de o lual
Gl de ju (b sl bt ) () e (e IS Slad 55 s
G Y5 DY) de s e JB Y o can IS Loy Gl o ey S A5
DY) de o alad s L Awdlal) 58 il dadm ada ) Jeay () Gise S

For the escape velocity the object will reach afinal speed of vi = 0 when
I'max= ¥, therefore we substitute for vi=vee and we get

/ZGM
< = = 8.29
\Y} R ( )

Note that the escape velocity does not depends on the mass of the
object projected from the earth.

This equation can be used to evaluate the escape velocity from any
planet in the universe if the mass and the radius of the planet are
known.
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Escape velocitiesfor the planets
Planet Vese (km/s)
Mercury 4.3
Venus 10.3
Earth 11.2
Moon 2.3
Mars 5.0
Jupiter 60
Saturn 36
Uranus 22
Neptune 24
Pluto 1.1
Sun 618

Table 8.1: Escape velocitiesfor the planets

§ Example 8.5

(@) Calculate the minimum energy required to send a 3000kg
spacecraft from the earth to a distance point in space where
earth’s gravity is negligible. (b) If the journey is to take three
weeks, what average power would the engine have to supply?

§ Solution

(@) Vo = ,/ZGR':"E = 1.12x10*m/s

K =1rw; =1 3000 (1.12° 10%)?
2 2
=1.88" 10"J

1.88" 10"

®) P,z

K _
7Dt~ 2ldays” 8.64° 10*s/day

=103kw
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§ Example 8.6

A spaceship isfired from the Earth’s surface with an initial speed
of 2x10* m/s. What will its speed when it is very far from the
Earth? (Neglect friction.)

§ Solution

Energy is conserved between the surface and the distant point
(K+Ug)i + Whe = (K+Ug)s

lrnviz_ GMEm+0:+1m\/f2- GMEm
2 R. 2 ¥
v oy? . M

R

2 _ 2 2
Vi =Vi - Ve

_ 2(6.67° 10 *)*(5.98" 10*)

V' =(27 10%)° 6.37" 10°

Thus,
v, =1.66" 10" m/s

§ Example 8.7

Two planets of masses m; and m, and radii r; and r,, respectively,
are nearly at rest when they are an infinite distance apart.
Because of their gravitational attraction, they head toward each
other on a collison course. (a) When their center-to-center
separation is d, find expressions for the speed of each planet and
their relative velocity. (b) Find the kinetic energy of each planet
just before they collide, if my;=2x10** kg, m,=8x10*kg, r;=3x10° m,
and r,=2x10°m
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§ Solution

@ At infinite separation, U=0; and at rest, K=0. Since energy is
conserved, we have

0——mlv += mzv Gqumz «y

Theinitial momentum is zero and momentum is conserved. Therefore
0=my,- my, (2)
Combine equations (1) and (2) to find v, and v,
2G 2G
———— and v,=m |[———
d(m +m,) d(m +m,)
Therelative velocity is

Vv (= |28 )
T T dm v my)

(b) Substitute for the given value for v; and v, we find that

vi=m,

v, = 1.03x10* m/s and v,= 2.58x10° nvs.

Therefore,
K —_ 1 2 _ 4 32
1—§le1 =1.07" 10*~J
and

K, =%mzv22 =267 10*J
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8.7 Problems

1. Two identical, isolated
particles, each of mass 2 kg, are
separated by a distance of 30
cm. What is the magnitude of
the gravitational force of one
particle on the other?

2. A 200-kg mass and a 500-
kg mass are separated by a
distance of 0.40 m. (a) Find the
net gravitational force due to
these masses acting on a 50-kg
mass placed midway between
them. (b) At what postion
(other than infinitely remote
ones) would the 50-kg mass
experience a net force of zero?

3. Three 5-kg masses are
located at the corners of an
equilateral triangle having sides
0.25 m in length. Determine
the magnitude and direction of
the resultant gravitationa force
on one of the masses due to the
other two masses.

4. Two stars of masses M and
4AM are separated by a distance
d. Determine the location of a
point measured from M at
which the net force on a third
mass would he zero.

5. Four particles are located
at the corners of arectangle as
in Figure 8.11. Determine the x
and y components of the
resultant force acting on the
particle of mass m.

226

2m 3m
b g X
m 2m
Figure8.11

6. Calculate the acceleration of
gravity at a point that is a
distance Re above the surface of
the earth, where R is the radius
of the earth.

7. Two objects attract each
other with gravitational force of
1x10°N when separated by
20cm. If the total mass of the
two objects is 5kg, what is the
mass of each?

8. Compute the magnitude
and direction of the
gravitational field at a point P
on the perpendicular bisect of
two equal masses separated by
2aas shown in Figure 8.12.

«o»=

<

Figure 8.12
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9. A satellite of the earth has
amass of 100 kg and is dtitude
of 2 x 10° m. (a) What is the
potential energy of the satellite-
earth system? (b) What is the
magnitude of the force on the
satellite?

10. A system consists of
three particles, each of mass 5g,
located at the corners of an
equilateral triangle sides of 30
cm. (a) Calculate the potential
energy of the system. (b) If the
particles are released
smultaneously, where will they
collide?

11. How much energy is
required to move a 1000-kg
form the earth's surface to an
atitude equal to twice the
earth's radius?

12. Cadlculate the escape
velocity from the moon, where
M,=7.36x107°kg,
Rn=1.74x10°m

13. A spaceship is fired from
the earth's surface with an
initial speed of 2.0x10’m/s.
What will its speed when it is
very far from the earth?

14. A 500-kg spacesnip is in
a circular orbit of radius 2R.

about the earth. (a) How much
energy is required to transfer
the spaceship to a circular orbit
of radius 4R.? (b) Discuss the
change in the potential energy,
kinetic energy, and totd
energy.

15. (@ Cdculate  the
minimum energy required to
send a 3000-kg spacecraft from
the earth to a distant point in
space where earth's gravity is
negligible. (b) If the journey is
to take three weeks, what
average power would the
engines have to supply?

16. A rocket is fired
vertically from the earth's
surface and reaches a maximum
atitude equa to three earth
radii. What was the initid
speed of the rocket? (Neglect
the friction, the earth's rotation,
and the earth's orbital motion.)

17. A satellite moves in a
circular orbit around a planet
just above its surface. Show
that the orbital velocity v and
escape velocity of the satellite
arerelated by the expression

Ve = +/2v.

=
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PERIODIC MOTION

9.1 The periodic motion

9.2 Simple Harmonic M otion (SHM)
9.2.1 The periodic time
9.2.2 The frequency of the motion
9.2.3 The angular frequency
9.2.4 The velocity and acceleration of the periodic motion

9.2.5 The maximum velocity and the maximum acceler ation
9.3 The amplitude of motion from the initial condition
9.4 Mass attached to a spring
9.5 Total energy of the smple harmonic motion
9.6 The smple pendulum
9.7 Thetorsional pendulum

9.8 Representing the ssmple harmonic motion with the
circular motion

9.9 Question with solution
9.10 Problems

m
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9.1 The periodic motion

aal g a3 AS Al Jie A8 jall e gl Bae QESI 138 e (I Jpeaadll 3 Ly
g1 ol Lo i Gyt Cages Jomill 1an iy ey il S all g (pamy b3S al
Vibration i3 yaY) i< a) § Periodic motion sl 4S all g g 48 sl
425 4S5l e g s sa s .Oscillatory motion 4l 48 sl motion
053 el oy Ci a8 ae die 58 PR Lo 4nmge ) pual
s Al A afie ) i ul anse Jom pun 38 8 AT e 4 Periodic time
Jfie 43 aY) A8 el e ABY) (e 2 s Restoring force dels o
L Spa g lay) (il s SIS o 50y 6 Blae aun S a f el Joan 3 a
23l Ll gy sl ) 2 sl 1) ALY 13a ddial) o gl & el 3
s Aals Als pe Jalaiin A8 al) (e g il 138 Jial Al ) Aadleadl Jaseiil
A<l Lgd Jaga A5 Simple Harmonic Motion adaull 458 gl 4< -l
B i5al da Al s 8l

9.2 Simple Harmonic M otion (SHM)
Al culae 138 ooy 3 dalaa s 9.1 JSED 8 LS Al gy Chfia ALK 2 gay (ya jl
ey 485 S a5 1Y 5 o) i padase dsa 2T g adld G 5ol 8 pea
A e sedan Al A o oy ) cudiall Al Al 2305 de

£

ins 'F' |"|'|'.‘l;"i'\‘"i S
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This motion is described as simple harmonic motion where the
displacement x is described by the periodic function as follow,

x = Acos(wt +d) (9.1

where A, w, and d are the constant of the motion.

A is the amplitude of the motion and defined as the maximum
displacement either in the positive x axis of in the negative x axis.

w isthe angular frequency.

d is the phase constant or the phase angle which determine the initial
displacement and velocity

wt +d is caled the phase of the motion and used to compare the
motions of two simple harmonic motion.

9.2.1 The periodic time

The periodic time is defined as the time required for the particle to go
through one cycle 2p of its motion.

X

e

A<

Figure 9.2

The value of x at time t is equals to the value of x at time t+T,
therefore we can write

wt+d+2p =w(t+T)+d
\ 2p=wT (9.2
Hence the periodic time T is

T=2 9.3)
w
The unit of periodic time is sec.
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9.2.2 Thefrequency of the motion

Another important physical quantity to describe the periodic motion is
the frequency. The frequency f is the inverse of the periodic time.

1 w
=—=— 94
T 2p (04

The unit of frequency is cycles/sec which is known as hertz (Hz).

9.2.3 The angular frequency
We can relate the angular w with the frequency and periodic time.

2
=2nf =" 9.5
w=2p T (9.5

The unit of w israd/sec.

9.2.4 The velocity and acceleration of the periodic motion

By differentiating the displacement equation with respect to time we
get the equation of velocity,

v:%:-wAsin(wt+d) (9.6)

By differentiating the velocity equation with respect to time we get the
equation of acceleration,

as = w?Acos(wt +d) (9.7)
Qx= Acos(wt +d)
\ a=-w?x (9.8)

s AaljYl aa L sl (ol Ay 480 55 38 5 ol jay s Alne (f im0
G b i o Cany Aay 38 6 AS ja o ety sl o il die 5 (Sl ola3)
.9.8 il
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From the Figure 9.3 where curves
representing the displacement, velocity
and acceleration as a function of time
are plotted. These curves show the
phase different between them. The =
velocity curve show phase differs by
90° with displacement. That when the ™
velocity is a maximum or a minimum ~ “
the displacement is zero. The !
acceleration curve show phase differs . |
by 180° with displacement. That mean Lo

when the acceleration is a maximum - V/:\\ //\
the displacement is a minimum. P \/ \._/

L . |

|

0

;

I
1
I
I

:

Figure 9.3

9.2.5 The maximum velocity and the maximum acceleration
From equation (9.6) and equation (9.7) the maximum is given by
V. =WA (9.9

a. =W°A (9.10)

Since the maximum value for the cosine or the sine functions is
between +1

; Example 9.1

The displacement of a body is given by the expression
X =(8cm)cos(2t +p/3)
where x isin cm and t in second. Calculate (a) the velocity and

acceleration at t=p/2s, (b) the maximum speed and the earliest

time (t>0) at which the particle has this speed, and (c) the
maximum acceleration and the earliest time (t>0) at which the
particle hasthis acceleration.
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X\A Solution

(@ v=-(16cm/s)sin(2t+p/3) att=p/2, v=13.9cm/s
a=-(32cm/s?)cos(2t +p/3) at t=p/2, a= 16 cm/s’

(b) V.. =wA=16cmVs, This occurswhen t =%[sin'l(1)- p/3]=0.262s

() =w?A=32cnVs’, This occurs when t =1 cos'(-1)- p/3|=1.05s
A >

9.3 The amplitude of motion from the initial condition

The initial condition of the smple harmonic motion is determine by the
displacement x, and the velocity v, at timet = O, therefore the equations
of motions x= Acos(wt+d) and v=-wAsn(wt +d) give

X, = Acosd v, =-wAsind

Dividing these two equations we get

Yo = _wtand (9.11)

X,

tand = - _Yo (9.12)
W X,

If we square both equation (9.11) and (9.12) and take the sum we get

.2
x,2+802 = A2cos?d + A*sin®d

A= [x? +8%92 (9.13)
ewWg

O 0 shall s AGS jal) Zan day (£4)(9.13) 5(9.12) pialeall (la (e
W Xo, Vo, (525 4S all 45l da g 5
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9.4 M ass attached to a spring

When a mass mis attached to a spring, the mass is free to move on a
horizontal frictionless surface with simple harmonic motion. To prove
that we need to know a bout the restoring force of the spring.
Suppose the mass is stretched by small displacement x from the
equilibrium position at x=0. The spring will exert a force on the mass
to bring it back to x=0, this called restoring force and can be found
from Hook’ s law,

F = - kx (9.14)
where k is the spring constant
and has unit (N/m), the negative . 7 |
sine indicates that the restoring ! :
force is aways in opposte Gl
direction to the displacement x. 4 L
i AW
Applying Newton’'s second law S L
of motion A '
F=-kx=ma (e} 7 —Fai
y e |
Hmce, Z A s G,
Figure 9.4
a=-Kx 9.15) ¢
m

O i1 ey Slaal s s Aal Y e Ll canli aw Alae of B
Alagun 498 534S a8 ) (B Bl aun AS ja
Compare equation (9.15) with Equation (9.8) we conclude that,

w? = K (9.16)
m
Therefore,
w k
T 2p\Vm
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; Example 9.2

A 5kg mass attached to a spring of force constant 8N/m vibrates
with smple harmonic motion with amplitude of 10 cm. Calculate
() the maximum value of its speed and acceleration, (b) the speed
and acceleration when the mass is at x=6cm from the equilibrium
position, and (c) the time it takes the mass to move from x=0 to
x=8cm.

; Solution
(a) w :\/E = i =45t
m V 0.5

Therefore the position is given by x = (10cm) sin (4t). From thiswe
find that

v = (40cnVs) cos (4t) Vmax = 40cm/s
a=- (160cm/s’) sin (4t) Amax = 160cVS

1. ,&eX0d
b t=—gn'c==
(b) 20" &0y

k
: Ay T B ‘p
where x=6¢cm, t=0.161s and we find ﬂmﬁﬁﬂﬂﬁﬁfﬁﬁﬁ%

v = (40cnVs) cos (4%0.161) = 32cm/s
a = - (160cm/s’) sin (4x0.161) = -96cm/s®

. 1. X0
C Usngt==sin "¢c—=
(© 91725 o5
when x=0, t=0 and when x=8, t=0.232s. Therefore,

Dt =0.232s
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9.5 Total energy of the simple har monic motion

The total mechanical energy of the mass-spring system is the sum of
the kinetic energy and the potentia energy

E=K+U (9.19)

Since we consider the motion is frictionless therefore the total
mechanical energy is conserved.

The kinetic energy is

K :%m\/2 :%mszzsin2 (wt+d) (9.20)
The potentia energy is

U :%kxz :%kAZ cog (wt+d) (9.21)
The total mechanical energy is

E=K+U :%kAZ[sinz (Wt+d)+cod (wt+d)]

Hence

E = kA2 (9.23)

K 4SSl dslbl) o Laadl

2\ Laiy a3 g Lk Y (gl A3lS

LT sl Ay 4 ) ddla)

',/ ~‘\ \ U —1kX2 ‘j}l SIS ‘_)A)_j‘ & u\)&aﬁg

\ G e adied 4K A3

\ LaadS 5 48 al) drass & 030

-A A —
Figure 9.5
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E=K+U =2mv? + 1k = Lia? (9.24)

2 2 2
V= ,/E(AZ - xz) = wy/(A% - x?) (9.25)
m
; Example 9.3

A mass of 0.5 kg connected to a light spring of force constant
20N/m oscillate on a horizontal, frictionless surface as shown in
Figure 9.6. (a) Calculate the total energy of the system and the
maximum speed of the mass if the amplitude of the motion is 3cm.
(b) What is the velocity of the

mass when the displacement is k=20N/m

equal to 2cm? (c) Compute the
kinetic and potential energies of
the system the displacement is
equal to 2 cm.

; Solution

@ E :%kAZ :%' 20" (3" 10°2)2=9"10%J

Figure 9.6

The maximum speed Vina iswhen x =0, E = % mv2_ therefore
E :%mvjw =9710°J

. -3
\ Vi :1/18 10 =0.19m/s
05
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(b) The velocity of the mass when the displacement is 2cm is given

by
V= %(A2 - xz)
v=0.141 m/s

(c) Thekinetic energy K :%m\/2 :%’ 0.5 0.141=5"10"°J

The potential energy U :%kxz :%’ 207 (2°10°%)?=4"10"3J

; Example 9.4

A 2kg block reset on horizontal
frictionless surface as shown in - F=—px
Figure 9.7, attached to the right # -

H
Bl

end of a spring whose left end is 2 (
fixed. The block is displaced 5cm T

to the right from its equilibrium : = *
position and held fix at this Figure 9.7

position by external force of 10N.

(@) What is the spring’s force constant? (b) The block is then
released. What is the period of the block’s oscillation? (c) What
are the kinetic energy of the block and the potential energy of the
spring at time t=p/15s?

; Solution

@ the spring’ s force constant k is
F_ -10 _

(b) period of the block’s oscillation is
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m / 2 _p
T = —=2p.|— =5
2p\/; P 200 5

(©) the kinetic energy is
K :%mvz :%mszzsinz (wt+d) =%kAzsin2 (wi+d)
since the motion started from rest at A=0.05m, then d =0, therefore

the kinetic energy at time t=p/15s
K =%200' (0_05)Zgn2§3£' po

p/5 154
=0.25sin°120°
=0.19J
the potential energy of the spring at time t=p/15sis
U=tk
2

= % 200" (0.05)*- 0.19=0.06J

; Example 9.5

A particle execute smple harmonic motion with amplitude of 3cm.
At what displacement from the midpoint of its motion will its
speed equal one half of its maximum speed?

; Solution

From equation (9.13)

A= [x) +8e‘/—°92 ® Vv +w’x? =w?A?
ew g

Vix =WA and v=

Dr. Hazem Falah Sakeek 241



Chapter 9: Periodic motion

%WZAZ +W2X2 - AZXZ
From this we find

, _3A A3 _ 33

9.6 The simple pendulum

The simple pendulum consists of apoint = R

mass m suspended by a light string of |H"'~.
length I.  We should prove that the =4
smple pendulum exhibit a simple K

harmonic motion. i,

If the mass is displaced by small angle q _
as shown in Figure 9.8 and left to e
oscillate vertically under the effect of e S
gravity.

i s 9

{4

The force acting on the mass is the

weight mg and the tension in the string Figure 9.8

T. The force mg has two component

mg cosg which is equal to the tension force T, and the tangential
component mg sing which isthe restoring force F..

T = mgcosq (9.26)
F. =-mgsing (9.27)

The minus sine indicates that the restoring force F, acts towered the
equilibrium position.

If g is small angle the mass displacement along the circular arc can be
approximated by the horizontal displacement s from the equilibrium
position, therefore,

s=q | (9.28)
Thus for small g
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;—5» sing »q (9.29)
Applying Newton's second law of motion
F, =-mgsing =ma
- mgI—S:ma ® a:-lgs (9.30)
o a3 5 (Sl a1 35 S Aal Y ae Lol anli e Alae (f Jaadls
Al 48 5 A< e o dlluy (Bles aun 48 a

Compare equation (9.30) with Equation (9.8) we conclude that,

w2 :IE (9.31)
Therefore,
=2 2p ! (9.32)
w g
=119 (9.33)
T 2p VI

Yool s UA)S\UA)SU\LJ\_’
e Qg (815 auall AIS o ading
Goca V) Al dae ey | Gl Jsh
Js—a 8350 Moy sl el of LS

JEM

e 3 iy (55 e o Laf TaaY
6 BN ol s S 1Ym0 Gl e

@f 'III \ ; ﬁ:| ) Jsal) Ji Al iy ) s
et i s g ol Sl
el Adla Aae Y da G J sl

Er !

- ;

x\ T “'"i-vy
S -

| i

oa ¥ e
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; Example 9.6

Determine the length of a smple pendulum that will swing back
and forth in smple harmonic motion with a period of 1.00s.

; Solution

From the period of the pendulum we can
obtain the length of the pendulum

I
T:2p\/:
g

Solving for |

_gT? _98 (?
I = 4p2 - 2

=0.248m

el Jsand Cogllaall Jlall oa 13a

; Example 9.7

Find the height of a building using a long pendulum suspended
from the top of the building to the bottom and its period of
oscillation is 12s. What is the period of oscillation of the
pendulum if it was taken to the moon? where the acceleration of
gravity is 1.67m/s’.

; Solution

From the period of the pendulum we can obtain the height the building

I
T:2p\/:
g

Solving for |
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_gT? 9.8 (122
The period of oscillation of the pendulum on the moon is

/I /35.7
T=2p |[—=2p,|—— =29.1s
P g P 1.67

a3 s e Ly 20,18 6 s el mhans e il gy sal (g3l o Laa
Apdal dae e Jsaull L..g)j.ﬂ\ el aldiey $llag (125 LE}LM{-J

; Example 9.8

A simple pendulum has a mass of 0.25kg and a length of Im. It is
displaced through an angle of 15° and then released. What are (a)
the maximum speed, (b) the maximum angular acceleration, and
(c) the maximum restoring force?

YA Solution

Since g=15° is small enough that we can treat this motion as simple
harmonic motion. The angular frequency characterizing this motion is

w :\/IE: ‘/9—18 =3.13rad/s

The amplitude of the motion is
A=Lg=1x0.262=0.262m

@ The maximum speed is
V., =WA =3.13x0.262 = 0.82 m

I =35.7m

(b) a. =w?A =(3.13)*x 0.262 = 2.57 m/s’

The maximum angular acceleration is

(©) F=ma=0.25%257=0.641N
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9.7 The torsional pendulum

Figure 9.9 shows a typical torsional pendulum.
It obeys Hooke's law when the body is twisted
through some angle g, the twisted wire exerts a
restoring torque on the body proportional to the
angular displacement. Therefore we write the
restoring torque,

t =-kq (9.34)

where k is the torsion constant of the system
(How could you measure k?). From the moment
of inertia | of the system we can write the torque
ast = la Figure 9.9

\'t =-kg=1la (9.35)
The acceleration is given by
a=- l—q (9.36)
128 5 uSlaall ola¥) 85 Q A 3) uj‘g\@iﬁ;}g‘mﬁﬁ;ug o Laad
Adas A 5 A a o A Jaan 3 a oy

Compare equation (9.36) with Equation (9.8) we conclude that,

w? =|E (9.37)
Therefore,
=2 _o |1 (9.38)
w k
f = 1 = i E (9.39)
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9.8 Representing the simple har monic motion with the

circular motion

[

S g Lptia gl 280 5 S ) (i (S
Sl JSa 3 LS 0 e o ki b
vl G pa e aua il & ¢ua 9,10
Ly 3 1 s 33l sl (i G i) 50 20
oA e ulie gl ) o g e alus 513
o LS il il Jila e ¢ gual) Jliad a5
Aagy 488 55 AS et anal) J 8 Ja)

% sl e el S e dsa
Aa) DU sl e JS8 peny 910 JS8) 3
¥ F | Sereen . . " w“ ek
[ 4 4dddyy’ Cm e e Jial e aal) Lo 4@
| [ O I 5
i AT 5 d oilad e aly s il JS8 o Badls
Shadow i
of hall _“I " “ :K:ISB\J.\“ Z\S);“
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i.l..’ .'_..-I-:_: - i -‘
Sl s e
;f{ M! - -ﬁ Amplit e /\
i Al S ! i
! 7 Jis P 0 -
N
-~ T
 RRrEal T h:
L e
Figure 9.10

The conclusion is the simple harmonic motion along a straight line can
be represented by the projection of uniform circular motion along the

diameter.

Dr. Hazem Falah Sakeek
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; Example 9.9

A particle rotates counterclockwise in a circle of radius 3m with a
constant angular speed of 8rad/s. At t=0, the particle has an x
coordinate of 2m. (a) Determine the x coordinate as a function of
time. (b) Find the velocity and acceleration as a function of time.
(c) Find the maximum velocity and acceleration.

; Solution

@ The radius of the circular motion is equal to the amplitude of
the periodic motion i.e. A = 3m, and w =8rad/s, therefore the equation
of the motion is

x = Acos(wt +d)=3cos@8t +d)

From the initial conditions (x = 2 a t = 0) we can evauate d ,
2=3cos(0 +d)

\ d = cos & 2= 48° = 0.841rad
e3g
The x coordinate as a function of timeis
x = 3cos(8t +0.841)
(b) v=-24sn(8t+ 0.841)
a=-192 cos (8t + 0.841)
(©)  Vmx=240m/s
nax = 192 MVS°
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9.8 Question with solution

1. What is the total distance travelled by a body executing
simple harmonic motion in a time equal to its period if its
amplitudeisA?

Answer: It travels a distance of 2A.

2. If the coordinate of a particle varies as x = -A
coswt , what is the phase constant d ? At what
position does the particle begin its motion?

Answer: d =+ p /2; Att=0,x=-A
3. Does the displacement of an oscillating particle between
t = 0 and a later time t necessarily equal the position of
the particle at time t? Explain.

Answer: The two will be equal if the origin of coordinates coincides with the

position of the particleat t = 0.

4. Can the amplitude A and phase constant d be determined for an oscillator
if only the position is specified at t = 0? Explain.

Answer: No. Itisnecessary to know both the position and velocity at t = 0.

5. If a mass-spring system is hung vertically and set into oscillation, why does
the motion eventually stop?

Answer: There will always be some friction present, such asair resistance.

6. Explain why the kinetic and potential energies of a mass-spring system can
never be negative.

Answer: The kinetic energy is proportional to the square of the speed, while the

potential energy is proportional to the square of the displacement. Therefore, both
must be positive quantities.
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7. A mass-spring system under goes simple har monic motion with an amplitude
A. Does thetotal energy change if the massis doubled but the amplitude is not
changed? Do the kinetic and potential energies depend on the mass? Explain.

Answer: No. Snce E =1/2kA?, changing the mass has no effect on the total
energy. However, the kinetic energy depends on the mass.

8. What happens to the period of a simple pendulum if its length is doubled?
What happenstothe period if the massthat issuspended is doubled?

Answer: Snce T:2p\/z doubling L will increase T by a factor of ~/2 .
g

Doubling the masswill not change the period.

9. A simple pendulum is suspended from the ceiling of a stationary elevator,
and the period is determined. Describe the changes, if any, in the period if the
elevator (a) accelerates upward, (b) accelerates downward, and (c) moves with
constant velocity.

Answer: If it accelerates upwards, the effective "g" is greater than the acceleration
of gravity, so the period decreases. If it accelerates downward, the effective "g" is
less than the acceleration of gravity, so the period increases. If it moves with
constant velocity, the period does not change. (If the pendulum is in free fall, it
does not oscillate.)

10. A simple pendulum undergoes ssmple harmonic motion when ¢ is small.
Will the motion be periodic if q islarge? How does the period of motion
change as q increases?

Answer: Yes. The period will increase as the amplitude of motion increases.

Y - ¥~ - ¥~ N
NN N N
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9.9 Problems

1. The displacement of a
particle is given by the expression

X = (4 m) cos(3pt + p),
where x is in m and int in s
Determine (a) the frequency and
period of motion, (b) the amplitude
of the motion, (c) phase constant,
and (d) the position of the partial
t=0.
2. For the particle described in
Problem 1, determine (a) the
velocity at any time t, (b) the
acceleration at any time, (c) the
maximum velocity and maximum
acceleration, and (d) the velocity
and accelerationt = 0.

3. A particle oscillates with
smple harmonic motion such that
its displacement varies according to
the expression as x = (5 cm) cos
(2t + p/6), where xiscmand tisin
s At t = 0, find (& the
displacement the particle, (b) its
velocity, and (c) its acceleration.
(d) Find the period and amplitude
of the motion.

4. A particle moving with
smple harmonic motion travels a
total distance of 20 cm in each
cycle of its motion, and its
maximum acceleration is 50 m/s’
Find (a) the angular frequency of
the motion, and (b) the maximum
speed of the particle.

5. A weight of 0.2 N is hung from
a spring with aforce constant k = 6

Dr. Hazem Falah Sakeek

N/m. How much is the spring
displacement?

6. The frequency of vibration of a
mass-spring system is 5 Hz when a
4g mass is attached to the spring.
What is the force constant of the
spring?

7. A 1-kg mass attached to a
spring of force constant 25N/m
osillates on a horizontal,
frictionless surface. At t = 0, the
mass is released fromrest at x = -3
cm. (That is, the spring is
compressed by 3 cm.) Find (a) the
period of its motion, (b) the
maximum values of its speed and
acceleration, and (c) the
displacement, velocity, and
acceleration as functions of time.

8. A simple harmonic oscillator
takes 12 s to undergo 5 complete
vibrations. Find (a) the period of
its motion, (b) the frequency in Hz,
and (c) the angular frequency in
rad/s.

9. A mass-spring system
oscillates such that the
displacement is given by x = (0.25
m) cos (2pt). (@) Find the speed
and acceleration of the mass when
x = 010 m. (b) Determine the
maximum speed and maximum
acceleration.

10. A 0.5-kg mass attached to a
spring of force constant 8 N/m
vibrates with simple harmonic
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motion with an amplitude of 10 cm.
Calculate (a) the maximum value of
its speed and acceleration, (b) the
speed and acceleration when the
mass is a& x = 6 cm from the
equilibrium position, and (c) the
time it takes the mass to move
fromx=0tox=8cm.

11. A 200-g mass is attached to a
soring and executes simple
harmonic motion with a period of
0.25 s. If the total energy of the
system is 2 J, find (a) the force
constant of the spring and (b) the
amplitude of the motion.

12. A mass-spring system
oscillates with an amplitude of 3.5
cm. If the spring constant is 250
N/m and the mass is 0.5 Kg,
determine (a) the mechanical
energy of the system, (b) the
maximum speed of the mass, and
the maximum acceleration.

13. A particle executes smple
harmonic motion with an amplitude
of 3.0 cm. At what displacement
from the midpoint of its motion will
its speed equal one haf of its
maximum speed?

14. A smple pendulum has a
period of 250 s. (&) what is its

length? (b) What would its period
be on the moon where g, = 1.67
m/'s*?

15. Calculate the frequency and
period of a smple pendulum of
length 10 m.

16. If the length of a smple
pendulum is quadrupled, what
happens to (a) its frequency and (b)
its period?

17. A simple pendulum 2.00 min
length oscillates in a location where
g = 980 m/." How many
complete oscillations will it make in
5 min?

18. A smple pendulum has a
mass of 0. 25 kg and a length of 1
m. It is displaced through an angle
of 15° and then released. What is
(8) the maximum velocity? (b) the
maximum angular acceleration? (c)
the maximum restoring force?

19. A smple pendulum has a
length of 3m. Determine the
change in its period if it is taken
from a point where g = 9.8m/s” to a
higher  elevation, where the
acceleration of gravity decrease to

252
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FLUD MECHANICS

10.1 Fluid M echanics

10.2 Density and Pressure

10.3 Variation of pressurewith depth

10.4 Pascal’s Law

10.5 Buoyant forces and Archimedes principle
10.6 The Equation of continuity

10.7 Bernoulli’ s equation

10.8 Question with solution

10.9 Problems

(:@
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10.1 Fluid M echanics
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10.2 Density and Pressure

The density of a substance is defined as its mass per unit volume.
m
v
where r is the density, m is the mass of the substance and V is the
volume

r= (10.1)

The unit of density in SI unit system is kg/n’.
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Density of some substances

Substance r (kg/m®) Substance r (kg/m®)
Ice 0.917x10° Water 1x10°
Aluminum 2.7x10° Glycerine 1.26x10°
Iron 7.86x10° Ethyl alcohol | 0.8x10°
Copper 8.92x10° Benzene 0.88x10°
Silver 10.5x10° Mercury 13.6x10°
Lead 11.3x10° Air 1.29
Gold 19.3x10° Oxygen 1.43
Platinum 21.4x10° Hydrogen 910°

Helium 1.8x10°
Table: 10.1

The pressure at some point in the fluid is defined as the ratio of the
normal forceto the area.

P:E
A

(10.2)

The pressure has a unit of N/m? in the Sl unit system, which is
commonly known as Pascal (pa).

1 Pa=1N/n?

10.3 Variation of pressure with depth

Figure 10.1
Dr. Hazem Falah Sakeek
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Cad Al AW Asg il (5538 ) Adlayl
Ao ¥ Apila dlae 8 day il AES (g

The upward force = PA

The downward force = (P+dP)A

Theweight = r dV g=r gAdy

From the equilibrium the net forces is
zero, therefore,

é. F,=0 Figure 10.2
a F, =PA- (P+dP)A- r gAdy =0

\ dy rg
ilee ¢l aly Ldaral glai ) gas dy gla V) sy of e Al s LY
w3 Yy gl die Py 5y gl ) xie Py gl n vl (& sl alagy dalsil
5|
Py Y2
P =-ro
Y1

R

\ Pz - Pl =-r Q(YZ - Y1) (10-3)

«(Yoryr)=h g2y, 1ie a &y Bl mhaw S 1Y
bt Bl mlas (g0 B Gee o 3k &) die Jail

2Dl
P-P =rgh (10.9)
\ B=P,+rgh (10.5)

Atmospheric pressure P, = 1.01x10° Pascal

Figure 10.3
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\ P=P,+rgh (10.6)

.Gauge pressure ¢ pWall el P-Py o

G sbiie Lol o 8 L) Ul A el
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Figure 10.4

10.4 Pascal’s Law

o 3l en ) JiE dilie Al b ) peane o mhan ie Tl (35305
Blaise Pascal (1623- JSul allal 5 allall o3a Caii€l sy dawmdl asdly Jilud
Jac 3 S8 a5 Pascal’s law JISuly ¢ 5 jalall sda e claall (311 5 <1662)

LS5 oued) pasal

Pascal’s law :Any change in
pressure applied to an enclosed
fluid is transmitted to every point
of the liquid and the walls of the
containing vessel.

The most known application of
Pascal’s law is the hydraulic press
as shown in Figure 10.5. Where
force F, is applied to a smal
piston of area A1. The pressure is Figure 10.5
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transmitted through a fluid to a larger piston area A,. The pressure on
both sides of the piston is the same therefore,

SLEPY (10.7)

A A
The force F,is larger the force F; by afactor of AJ/A;.

_c A
\ F,=F, -2 10.8
! (10.8)

Adl ) Jie ALED Slual) wdy 8 DSl Tase o ey 3 (S5 el @8l ) pasiy
Q\)\T}J\ CT.\SAA.\ '3y ‘55 Q\)\T}J\

; Example 10.1

In a hydrochloric piston of radius 5cm and 50cm for the small and
large pistons respectively. Find the weight of a car that can be
elevated if the force exerted by the compressed air is (F; = 100N).

YA Solution

As shown in Figure 10.5

P

>

>|m

\

T

2 = Fl
. 2

\ F,=1000 P09 150008
b~ (0.005)

Jsdall Jalll (5 gl Fy 3 580 ddau) o Jsdaal Jedll old ddl e Ll i.).mua
o3 gl ddald g
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; Example 10.2

Calculate the pressure at an ocean depth of 500m. Assume the
density of water is 10°kg/m® and the atmospheric pressure is
1.01x10°Pa..

XSA Solution

QP=P,+rgh

\ P=1.01" 10° + (10° " 9.8” 500)
=5" 10°Pa

; Example 10.3

A smple U-tube that is open at both ends
is partially filled with water. Kerosene
(r = 0.82x10%g/m°) is then poured into
on arm of the tube, forming a column 6cm
height, as shown in Figure 10.6. What is
the difference h in the heights of the two
liquid surfaces?

XSA Figure 10.6
Solution

The pressure at the doted line isthe samei.e.

Wnler-%

Pa = Pg
Therefore
Pa=r1 wohy & Ps =1 « ghk
rwohw =T « ghy
10°x 10 x h,, = 0.82x10° x 10 x 0.6
hence

h, =0.498 m=4.98cm
h=6-4.98 =1.02cm
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; Example 10.4

Water isfilled to height H behind a dam
of width w as shown in Figure 10.7.
Determine the resultant force on the
dam.

YA Figure 10.7
F'" Solution

I8 i,V e die 5 sbuty Jaiall o LS ¢(Bandl 0l 3b ooy Jaall (o ales
—aie A e Jar il L8 o) Al e D Gee e dyXW dalie paie L gl
DAl AL aes dald)
P=rgh=rg(H-y)
il e o il g slaal 5 pal) Tl il Jlea)
The force on the small shaded area dyxw is
dF =PdA=r g(H - y)wdy

Thetotal forceonthedamis

M
F=0gF =PdA= g g(H - y)wdy
0

H

<

2 N

é U é H?U
=rgweHy- g = rgwgH? -

e Uo e u
\ F:%rgwi-l2

35 0 sl e die (8 13]Gl Bl 5 Ja 5 2 e 8 el 85l o i
Band) 3L 3 claall 300 ) Claal)
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10.5 Buoyant forces and Archimedes’ principle
o8 Lo o LS el aal (fa Aleall 5,80 (85
25 cpmnll L) 5 A Al 4035 0 be ey Bl
lesle slalall Ul 285 (uned S allall 5 )8l 38 (ol

RETIVE R KOV

Archimedes principle state that any body
completely or partially submerged in a fluid is
buoyed up by a force equal to the weight of the Figure 10.8
fluid displaced by the body.

According to Archimedes' principle the magnitude of the buoyant force
always equals the weight of the fluid displaced by the object.

A saradl anad (8 ele 4ol B elall (e xS 2 ga g Lyl 13 10.8 Sl
25 B skl 55 85 W (55l (o 8 (o sbuil dagis o 5 Al Ui g Jaws o) A8ES s
LopeSlaia Cpalad

B=WwW (10.9)
JLd G sarall auall S5 g 68 o 2 ¥ B skl 58 o LaaY
A ) el i) GueS Clia (e B silall 5 58 Fad dlad (S ol ened S Tase (0
oa o LS sl el
In Figure 10.8 above the pressure at the bottom of the cube is grater
than the pressure at the top by amount r , gh, where h is the height of

the cube and r ; isthe density of the fluid. The pressure different DP
is equal to the buoyant force per unit area,
pp=8 (10.10)
A
therefore,
B=ADP=r, ghA=r, gV (10.11)
where V is the volume of the cube

Dr. Hazem Falah Sakeek 263



Chapter 10: Fluid Mechanics

The mass of water inthecubeis M =1,V

Then,
B=W=r, gVv=Mg (10.12)

where W is the weight of the displaced fluid.

Al Alay i) B LS ek a5 Latie 1 gplla oY) G ptins
) e ik aal 58 Lesie

(1) Totally submerged object

For the case of totally submerged object the upward buoyant force is
given by

W=r, gV, (10.13)

Where V, is the volume of the object. If the density of the object is r
then its weight is given by

W=Mg=r, gV, (10.14)
The net force
B-w=(r,-r,)V.,g (10.15)
s Adaada
S yaia auall b JLD GBS o sl ) gerall auall DS 5 <5 Laxie
addaay LN

Syaty sl 8 B AHS (e ST ) geral) auall DS 5 <5 Laxie

Figure 10.9
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(2) Floating obj ect

Consder an object is floating on a surface of fluid i.e. partialy
submerged, therefore the upward force is balanced by the downward
weight of the object. If the V is the displaced fluid by the floating
object, then the buoyant force B=r Vg, since the object is in

equilibrium with the fluidi.e. W= B

W=Mg=r, gV, (10.16)
therefore,
rvg=r,Vv,g (10.17)
or
:fO = vl (10.18)

diaai gkt i m el Gleel ot elland) adiad Gl 1as e
o) 8 Aahi Gleel o il LS saly ) (e oSl Lgana

; Example 10.5

A block of brass has a mass of 0.5kg and density of 8x10°kg/cm®.
It is suspended from a string. Find the tension in the string if the
block in air, and if it iscompletely immersed in water.

YA Solution

the tension in the string in air is equal to the weight of the brass block
Tair = Whrass
hence,
Tar=mg=05%x98=49N
2l e g el G5 e Jliis gilall 58 b elad) 8 auall et vie
2l el all i€ ala s o) el el A€ (sl galall 58 o Camy el
VST I IPWEN JPCEQEEN:
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el el (3 g st A5 il g8 V1 G
Wiaer = Mg = r Vg =10’ x 6.25x10° x 9.8 = 0.612N

58— olsed 2l 58 g sbd sl 8 1) paie anall ()5S Laic Jiall & 28 5 48
Twater = Tair — Wivater
Twaer =4.9-0.612 = 4.29N

; Example 10.6

A solid object has a weight of 5SN. When it is suspended from a
spring scale and submerged in water, the scale reads 3.5N as
shown in Figure 10.10. What isthe density of the object?

YA Solution

Ayl Lo s AU (et 3 Jl 5 S8 dasid oSy
2 Ds—are 525 ()50 A e o) sell (8 )5 ol
aall e 5 s Wl B osahall 5 ()5S Cua el
sl b hs ol el el s st sl 8 ) sanal
a—all s O G s ) 5l elal ()55 (sSy A)

el 8 di)ss el sl b

The buoyant force (B) = the weight of the
water displaced (Wiyater)

B=5-35=15N

Wiae =mMg=r1 V(g
hence,

rvg=15s

Figure 10.10
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15

== =15x10"m’
10°° 9.8
The density of the object isits mass over its volume
35

15°10"" 9.8

; Example 10.7

A cube of wood 20cm on a side and having a
density of 0.65x10°kg/m® floats on water. (a)

What is the distance from the top of the cube $h
to the water level? (b) How much lead weight
hasto be placed on top of the cube so that its
top isjust level with the water?

Water

X*A Figure 10.11
Solution

(&) According to Archimedes principle
B=r,Vg= (1g/cm’)x[20x20x(20-h)]g

but

B = weight of thewood =mg = 1, Viod g = (0.65g/cm’)(20)°
hence,

(1g/cm®)x[20x20%(20-h)]g = (0.65g/cm®)(20)*

20 - h=20x0.65

h = 20(1-0.65) = 7cm
(b) B=W+ Mg where M is the mass of lead

1(20)° g = (0.65)(20)° g + Mg

M = 20°(1- 0.65) = 2800 g = 2.8kg
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10.6 The Equation of continuity

In time Dt, the fluid moves a
distance Dx, =v,Dt , where v, is the
velocity of the fluid in the bottom
end of the pipe of cross-sectional
area of A;. Hence the mass in the
portion Dx, of the pipe is
Dm, =r,ADx=. Ontheother end ——

of the pipe the mass of the fluid A ,W

moves in  time Dt is P

Dm, =1 ,A,Dt. :

The massis conserved i.e. Dm, = Dm, Figure 10.12
rAv, =r,Av, (10.19)

This called the equation of continuity
In this case density of the fluid is constanti.e. r, =r,
Av, = Av, = constant (10.20)

This mean that the product of the area and the fluid speed at all points
in the pipe is constant.

Av = constant (10.22)

; Example 10.8

A water pipe of radius 3cm is used to fill a 40liter bucket. If it
takes 5min to fill the bucket, what is the speed v at which the
water leave the pipe? (liter = 10°cm®.

YA Solution

The cross sectional area of the pipe Ais
A=pri=p  F=9pcm’
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liter _ 40" 10°cm®

Av = 40— =666.6cm® /s
min 60s
therefore,
V= M =23.5cm/ s
9

10.7 Bernoulli’ s equation

A Swiss physicist called Daniel
Bernoulli (1700-1782) derived an
expression for the relation between
the pressure, speed and levitation
of the fluid flow in a pipe

For a nonviscous fluid and M
incompressible flow in a pipe of i J
nonuniform cross-section in time ¥l )

Dt as shown in Figure 10.13. The Y

force of the lower part of the fluid
is P/A;. The work done by this
force is given by,

W, = F,Dx, = BADx, = RDV (10.22)

where DV isthe volume of the lower part of the fluid.

Figure 10.13

Similarly the force of the upper part of the fluid is P,A,. The work
done by this force is negative since the fluid force is opposite to the
displacement and is given by,

W, =- F,Dx, =- P,A\Dx, =- P,DV (10.23)
The volume DV inthe lower and upper part of the fluid is the same.
Therefore the net work doneintime Dt is,

W= (P - P)DV (10.24)

Note that thiswork is used to change the kinetic energy of the fluid and
to change the potentia energy in time Dt
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The change in kinetic energy is given by
DK :%(Dm)vzz - %(Dm)vlz (10.25)
The change in potential energy is given by

DU = Dmgyz - myl (10-26)
From the total energy theorem, W = DK + DU

(Pl - Pz)DV :%(Dm)vzz - %(Dm)vlz + Dmgyz - D‘ngyl

Divide both sidesby DV , and substitute for Dm/DV =r

Pl-PZ:%rvzz-%rv12+rgy2-rgyl (10.27)
By arranging the equation we get,

P, +%r v+ rgy, =P, +%r v,” +1 gy, (10.28)
or

P+ %r v+ 1 gy =constant (10.29)

Therefore Bernoulli’s equation says that the sum of the pressure (P),

kinetic energy per unit volume (%r v?), and potential energy per unit

volume (r gy) hasthe same value at all points along a streamline.

When the fluid is static i.e. v; =v, =0 the Bernoulli’s equation becomes

as,
R-P=rg(y,- )= rgh (10.30)
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; Example 10.9

A large storage tank filled with water
develops a small hole in its side at a point
16m below the water level. If therate of flow
from theleak is 2.5%x10°m*/min, determine (a)
the speed at which the water leaves the hole
and (b) the diameter of the hole.

X\A Solution

(8) Thetop of the tank is open then

P1=P,
The water flow rate is 2.5x10°m*/min = 4.167x10°m’/s
Assuming the speed v; = 0, and P,=P,=P,

R

2,
2,
2,
2,
2,
2,
2,
2,
2,
2,
M

Figure 10.14

Pl+%rvlz+ rgy, =F, +%rvzz +ray,

Vv, =,/2gy, = /2" 9.8" 16 =17.7m/s

2
(b) Theflow rate= Ay, = pj ©17.7=4167" 10°m*/s

then,
d=1.73x10°m=1.73 mm
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10.8 Question with solution

1. When you drink a liquid through a straw, you reduce the
pressure in your mouth and let the atmosphere move the
liquid. Explain how this works. Could you use a straw to
sip adrink on the moon?

Answer: When you reduce the pressure in your mouth, the push
of the atmosphere on the surface of the liquid forces the liquid up the
straw and into the mouth. Because there is no atmospheric pressure on
the moon, you could not sip a drink there.

2. A fish rests on the bottom of a bucket of water while the bucket
is being weighed. When the fish begins to swim around, does the
weight change?

Answer: In either case the scale is supporting the container, the
water, and the fish. Therefore, the weight reading of the scale
remains the same.

3. Will aship ride higher in the water of an idand lake or in the ocean? Why?

Answer: The buoyant force on an object such as a ship isequal to the weight of the
water displaced by the ship. Because of the greater density of salty ocean water,
less water needs to be displaced by the boat to enable it to float. Thus, the boat
floats higher in the ocean than in a freshwater inland lake.

4. Lead hasa greater density than iron, and both are denser than water. Isthe
buoyant force on a lead object greater than, lessthan, or equal to the buoyant
force on an iron object of the same volume?

Answer: The buoyant forces are the same, since the buoyant force equals the
weight of the displaced water.

5. An ice cubeis placed in a glass of water. What happens to the level of the
water astheice melts?

Answer: It staysthe same.
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6. Why do many trailer trucks use wind deflectors on the top of their cabs?
How do such devicesreduce fuel consumption?

Answer: The wind deflectors produce a more streamline flow of air over the top of
the truck, thereby decreasing air resistance, and reducing fuel consumption.

7. When a fast-moving train passes a train at rest, the two tend to be drawn
together. How doesthe Bernoulli effect explain this phenomenon?

Answer: As air is displaced by the moving train, that portion passing between the
trains has a higher relative velocity than the air on the outside, which is free to
expand. Thus, the air pressure islower between the trains than on the sides of the
trains away from the constriction.

8. A baseball heading for home plate is seen from above to be spinning
counter clockwise. In which direction doesthe ball deflect?

Answer: From the viewpoint of a right-handed batter, the ball moves from left to
right and spins counterclockwise. Thus, the air motion is retarded above the ball
and helped along beneath the ball. This causes the air pressure above the ball to
be lower than the air pressure beneath the ball, so the ball will rise.

ONONONONONONNN
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10.9 Problems

1. Cadculate the mass of a solid
iron sphere that has diameter of
3.0cm.

2. A smal ingot of shiny grey
metal has a volume of 20cm® and a
mass of 535 g. What is the metal?
(See Table 10.1).

3. Determine the  absolute
pressure at the bottom lake that is
30 m deep.

4. At what depth in a lake is the
absolute pressure equal to three
times atmospheric pressure?

5. A swimming pool has dimensions
30 m x 10 m an flat bottom. When
the pool is filled to a depth of 2m
with fresh water, what is the totd
force due to water on the bottom?
On each end? On each sde?

6. What is the hydrostatic force
on the back of Grand Coulee Dam if
the water in the reservoir is 150
deep and the width of the dam is
1200 m?

7.  Cdculate the buoyant force
on a solid object made of copper
and having a volume of 0.2 m® if it
is submerged in water. What is the
result if the object made of steel?

8. A solid object has a weight of
5.0 N. When it is suspended from a
spring scale and submerged in the

scalereads 3.5 N (Fig. 10.10). What
is the density of the object?

9. A cube of wood 20 cm on a
side and having a density of 0.65 x
10° kg/m?® floats on water. (a) What
is the distance from the top of the
cube to the water level? (b) How
much lead weight has to be placed
on top of the cube so that its top is
just level with the water?

10. The rate of flow of water
through a horizontal pipe is 2
m’/min. Determine the velocity of
flow at a point where the diameter
of the pipeis(a) 10 cm, (b) 5cm.
11. A large storage tank filled with
water develops a small hole in its
side at a point 16 m below the water
level. If the rate of flow from the
leek is 25 x  10°m*min,
determine (a) the speed at which the
water leaves the hole and (b) the
diameter of the hole.

12 Water flows through a
constricted pipe at a uniform rate
(Fig. 15.18). At one point, where
the pressure is 2.5x10" Pa., the
diameter is 8.0 cm; at another point
0.5m higher, the pressure is 1.5 x
10" Pa and the lower and upper is
4.0 cm. (a) Find the speed of flow in
the lower and upper sections. (b)
Determine the rate of flow through

the pipe.
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Multiple choice question

1. A solid piece of magnesium has a mass of 24.94 g and a volume of 14.3 cm®. From
these data, cal culate the density of magnesium in Sl units (kg/m®).
a. 1.74x10°kg/m?
b. 0573 kg/m®
c. 174kgm®
d. 0.573x 10° kg/m®

2. Vector B has x, y, and z components of 6.00, 8.00, and 5.00 units, respectively.
Calculate the magnitude of B and the angles that B makes within the coordinate
axes.

125, a =87.3°, b =86.3°, g=87.7°

11.2,a =57.5° b = 44.3°, g= 63.4°

11.2,a=28.2° b =35.6° g=24.1°

11.2,a =32.5° b =45.7°, g= 26.6°

aoop

3. Consider two vectors =1~ 2i gng B=-1-4 chcyiae A+B.
. 2.00i +6.00j
b. 2.00i - 6.00j
c. 2.00i - 2.00j
d

. 4.00i +2.00j

Q

4. Vector A has a magnitude of 12.0 units and makes an angle of 45.0° with the
positive x axis. Vector B has a magnitude of 12.0 units and is directed along the
negative x axis. Using graphical methods, find (a) the vector sum of A+B and (b)
the vector difference A-B .

a (@240@45°% (b)0
b. (a) 222 @ 22°; (b) 9.2 @ 112°

c. (8222@22° (b) 9.2 @ 67°
d. (a) 9.2 @ 112°; (b) 22.2 @ 22°

5. A pedestrian moves 9.00 km east and then 19.0 km north. Using the graphical
method, find the magnitude and direction of the resultant displacement vector.
a. 21.0km, 64.7° north of east
b. 16.7 km, 61.7° east of north
Cc. 21.0km, 61.7° north of east
d. 16.7 km, 25.4° north of east

6. If the cartesian coordinates of a point are given by (3, y) and its polar coordinates are
(r, 60° ), determiney and r .
a. y=173,r=119
b. y=5.20,r=6.00
c. y=5.20,r=36.0
d y=173,r=3.46
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7. A person walks 15.0° north of east for 6.10 km. How far would she have to walk due
north and due east to arrive at the same location?

1.58 km north and 5.89 km east
5.89 km north and 1.58 km east
1.64 km north and 5.88 km east
5.88 km north and 1.64 km east

aoop

8. A vector has an x component of -25.0 units and ay component of 40.0 units. Find the
magnitude and direction of this vector.

a. 31.2 unitsat 122°
b. 47.2 unitsat 58.0°
c. 47.2 unitsat 122°
d. 31.2unitsat 58.0°

9. Vectors A and B have equal magnitudes of 4.00. If the sum of A and B isthe vector

5.00j, determine the angle between A and B .

a. 77.4°
b. 90.0°
c. 126°
d. 103°

10. If the polar coordinates of the point (x, y) are (r, q), determine the polar coordinates
for the point (-4x, 4y).
a “fr 360°-q
b. 4r,180°-q
Cc. 4r,360°-q
d. “fr 180°-q

11. The helicopter view in the Figure shows two people pulling on a
stubborn mule.
Find (a) the single force that is equivalent to the two forces shown
and (b) the force that a third person would have to exert on the
mule to make the resultant force equal to zero. The forces are
measured in units of newtons.

a.  (a) 205N @ 81.4° from the positive x axis; (b) (-30.6i - 203'] )N
b. (a)88.0N @ 20.3° from the positive x axis; (b) (-30.81 - 83.31) N

c. (a) 219N @ 67.7° from the positive x axis; (b) (83.3i + 203'] )N

d. (a) 205N @ 84.4° from the postive x axis; (b) (30.6i + 203'] )N
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A vector isgiven by R =6.001 +5.001 + 7.00K . Find (a) the magnitude of the x,

y, and z components; (b) the magnitude of B and (c) the angles between B and the
X, Y, and z axis.

a. (a) 6.00, 5.00, 7.00; (b) 18.0; (c) 70.5°, 73.9°, 67.1°

b. (a) 6.00, 5.00, 7.00; (b) 10.5; (c) 55.1°, 61.5°, 48.1°

c. (a) 6.00, 5.00, 7.00; (b) 10.5; (c) 34.9°, 28.5°, 41.9°

d. (a) 1.00, 1.00, 1.00; (b) 18.0; (c) 70.5°, 73.9°, 67.1°

13.

A jet airliner, moving initially at 300 mi/h to the east, suddenly enters a region
where the wind is blowing at 100 mi/h in a direction 30.0° north of east. What are
the new speed and direction of the aircraft relative to the ground?

a. 219 mi/h at 13.2° south of east

b. 361 mi/h at 13.9° north of east

c. 390 mi/h at 7.37° north of east

d. 219 mi/h at 13.2° north of east

14.

The initial speed of a body is 9.20 m/s. What is its speed after 4.50 s, (@) if it
accelerates uniformly at 5.00 m/s2 and (b) if it accelerates uniformly at -5.00 m/s2?
a. (a)31.7m/s; (b)-13.3m/s
b. (a) 22.5m/s; (b) -22.5m/s
c. (8 -13.3m/s; (b) 31.7 m/s
d. (a)31.7m/s; (b) Om/s

15.

A golf ball isreleased from rest from the top of a very tall building. Neglecting air
resistance, calculate (a) the position and (b) the vel ocity of the ball after 1.00 s.

a. (a)-16.0m; (b) 32.0 m/s

b. (a) -4.90 m; (b) -9.80 m/s

c. (a)-4.90 m; (b) 9.80 m/s

d. (a)-16.0m; (b) -32.0 m/s

16.

A particle moves along the x axis according to the equation x = 2.00 + 3.00t - 1.00t?,
where x isin meters and t isin seconds. At t = 1.00 s, find (a) the position of the
particle, (b) its velocity, and (c) its acceleration.

a. (a) 4.00m; (b) 3.17 m/s; (c) 1.42 m/s’

b. (a) 6.00 m; (b) 5.00 m/s; (c) 2.00 m/s?

c. (a) 4.00 m; (b) -1.00 m/s; (c) 2.00 m/s*

d. (a) 4.00 m; (b) 1.00 m/s; (c) -2.00 m/s*

17.

A 60.0 g superball traveling at 32.0 m/s bounces off a brick wall and rebounds at
26.0 m/s. A high-speed camera records this event. If the ball isin contact with the
wall for 4.00 ms, what is the magnitude of the average acceleration of the ball in
thistimeinterval? (Note: 1 ms= 10-3s))

a. 150x10°m/s’

b. 14.5m/s

c. 1.45x 10" m/&

d. 150 m/s’
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18. A truck covers 42.0 m in 9.00 s while smoothly slowing down to a final speed of
3.80 m/s. (a) Find its original speed. (b) Find its acceleration.
a. (a)20.7 m/s, (b) -1.88 m/s?
b. (a)5.53 m/s; (b) 0.193 m/s*
c. (a) 13.1m/s, (b) -1.88 m/s?
d. (a) 5.53m/s; (b) -0.193 m/s’

19. The displacement versus time for a certain particle
moving along the x axis is shown in the the Figure. am | 11 L]

Find the average velocity in thetimeinterval Oto4 s.

-0.83 m/s
1.2m/s
0.83 m/s
10 m/s

aoop

20. The minimum distance required to stop a car moving at 35.0 mi/hr is 40.0 ft. What
is the minimum stopping distance for the same car moving at 25.0 mi/hr, assuming
the same rate of acceleration?

a 204ft
b. 28.6ft
c. 78.4ft
d. 56.0ft

21. A ball thrown vertically upward is caught by the thrower after 2.50 s. Find (@) the
initial velocity of the ball and (b) the maximum height it reaches.
a. (8 12.3m/s; (b) 7.66 m
b. (a) 24.5m/s; (b) 30.6 M
c. (®12.3m/s; (b) 153 m
d. (& 24.5m/s;(b) 91.9m

22. Find the instantaneous vel ocity of the particle described in the the Figure
at=6.0s

-5.0m/s
-0.20 m/s
5.0m/s
0m/s

aoop
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23. A ball isthrown directly downward with an initial speed of 6.00 m/s from a height
of 20.0 m. How many seconds later does the ball strike the ground?
a. 272s
b. 1.50s
c. 0.946s
d. 131s

24. A motorist drives along a straight road at a constant speed of 5.00 m/s. Just as she
passes a parked motorcycle police officer, the officer starts to accelerate at 2.40
m/s’ to overtake her. Assuming the officer maintains this acceleration, (a) determine
thetime it takes the police officer to reach the motorist. Also, find (b) the speed and
(c) thetotal displacement of the officer as he overtakes the motorist.

a. () 1.04s; (b) 250 m/s; (c) 5.21m
b. (@) 2.08s; (b) 10.0 m/s; (c) 15.6 m
c. (a)4.17s; (b) 10.0m/s; (c) 20.8 m
d. (a)2.08s; (b) 5.00 m/s; (c) 10.4 m

25. A student attaches a ball to the end of a string 0.800 m in length and then swingsthe
ball in a vertical circle. The speed of the ball is 5.30 m/s at its highest point and
10.5 m/s at its lowest point. Find the acceleration of the ball when the string is
vertical and the ball is at () its highest point and (b) itslowest point.

a. (a) 35.1 m/s*downward; (b) 138 m/s? upward
b. (a) 6.63 m/s’ downward:; (b) 13.1 m/s? upward
c. (a) 138 m/s? downward; (b) 35.1 m/s”* upward
d. (a) 13.1 m/s’ downward; (b) 6.63 m/s? upward

26. An astronaut on a strange planet finds that she can jump a maximum horizontal
distance of 17.0 m if her initial speed is7.00 m/s. What isthe freefall acceleration
on the planet?

a. 0412m/s
b. 2.88m/s
c. 5.77m/$
d. L44mis

27. Suppose that the position vector for a particleis given as Foyi+ y~'I ,withx =at +
bandy = ct? + d, wherea=2.00 m/s, b= 2.00 m, ¢ = 0.225 m/s*, and d = 2.00 m.
(a) Calculate the average velocity during thetime interval fromt =2.00 stot = 4.00
s. (b) Determine the velocity and the speed at t = 2.00 s.

a (a) (2,001 +1.351) mis; (b) (3.001 + 1.45 §) nys, 3.33 s
b. (@ (3.00i + 1.453) m/s; (b) (3.00i +1.45 j) m/s, 3.33 m/s
¢ (23001 +1.45)) mis (b) 2,001 +0.900 1) m/s, 2.19 s
d. (2 200 +1.350) mis (b) 2,001 +0.9001) mvs, 2.19 m/s
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28. A tire 0.700 m in radius rotates at a constant rate of 350 rpm. Find the speed and
acceleration of asmall stonelodged in thetread of thetire (on its outer edge). (Hint:
In one revolution, the stone travels a distance equal to the circumference of its path,
2pr.)

25.7 m/s, 940 m/s’

25.7 m/s, 36.7 m/s’

0.754 m/s, 0.812 m/s’

0.754 m/s, 1.08 m/s*

aoop

29. A basketball player who is 2.10 m tall is standing on the floor 11.0 m from the
basket, asin the Figure.

-~

If he shoots the ball at a 38.0° angle with the horizontal, at what initial speed must
he throw so that it goes through the hoop without striking the backboard. The basket
height is 3.05 m.

a. 7.01m/s

b. 11.2m/s

c. 10.5m/s

d. 13.1m/s

XL

30. A ball on the end of astring iswhirled around in a horizonta circle of radius 0.400
m. The plane of the circle is 1.40 m above the ground. The string breaks and the
ball lands 2.20 m (horizontally) away from the point on the ground directly beneath
the ball's location when the string breaks. Find the radical acceleration of the ball
during its circular mation.

a. 109m/s
b. 10.3m/s
c. 788m/s
d. 424ms

31. A bag of cement of weight 400 N hangs from three wires
as suggested in the Figure.

Two of the wires make angles g, = 70.0° and g, = 34.0°
with the horizontal. If the system is in equilibrium, find
thetensions Ty, T,, and T3 in the wires.

a T;=342N,T,=141N,T;=83.0N

b. T;=342N,T,=141N, T3 =400 N

c. T;=231N,T,=387N,T;=400N

d. T;=231N,T,=387N,T;=218N
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32. A 4.00 kg block is placed on top of a 7.00 kg block

asin thethe Figure.
The coefficient of kinetic friction between the 7.00
kg block and the surface is 0.225. A horizontal force,
F, is applied to the 7.00 kg block. (a) What force
accelerates the 4.00 kg block? (b) Calculate the
magnitude of the force necessary to pull both blocksto the right with an acceleration
of 3.50 m/s”. (c) Find the minimum coefficient of static friction between the blocks
such that the 4.00 kg block does not slip under an acceleration of 3.50 m/s.

a. (@) thehorizontal force, F; (b) 53.9 N; (c) 0.225

b. (@) satic friction between the blocks; (b) 62.8 N; (c) 0.357

c. (a) static friction between the blocks; (b) 53.9 N; (c) 0.357

d. (@) the horizontal force, F; (b) 62.8 N; (c) 1.60

ks R IR

33. A 35.0 kg block isinitially at rest on ahorizontal surface. A horizontal force of 90.0
N isrequired to set the block in motion. After it isin motion, a horizontal force of
54.0 N is required to keep the block moving with constant speed. Find the
coefficients of static and kinetic friction from thisinformation.

a. m=0.262, m = 0.157
b. m=6.35,m =381
c. m=0.157, m = 0.262
d m=381m=6.35

34. A high diver of mass 72.0 kg jumps off a board 12.0 m above the water. If his
downward motion is stopped 3.00 s after he enters the water, what average upward
force did the water exert on him?

a. 0.706 kN
b. 0.338 kN
c. 0.368kN
d. 1.07kN

35. A 2.00-kg mass is observed to accelerate at 14.0 m/s” in a direction 36.0° north of
east.
T

&
7\{}(
s
) b .
o 36.0°

\

Fq

The force F, acting on the mass has a magnitude of 16.5 N and is directed north.
Determine the magnitude and direction of the force F; acting on the mass.

a. 20.3 N west

b. 16.5N east

c. 20.3N east

d. 22.7N east
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36. Two forces, F; and F,, act on a6.00 kg mass. If F; =22.0 N and F, = 17.0 N, find
the accelerationsin (&) and (b) of the Figure.

E

'hu\.\L\KIJI‘
- Fy k
fiel [lsh
(a) 2.33 m/s’ at 37.7°; (b) 6.28 m/s at 13.0°
(a) 4.63 m/s’ at 52.3%; (b) 6.28 m/s’ at 13.0°

(a) 4.63 m/s’ at 37.7°; (b) 5.64 m/s’ at 25.8°
(a) 4.63 m/s’ at 52.3%; (b) 5.64 m/s’ at 64.2°

Fy

aoop

37. If a man weighs 900 N on the Earth, what would he weigh on Jupiter, where the
acceleration due to gravity is 25.9 m/s*?
a. 2.38kN
b. 0.341kN
c. 0.900kN
d. 0.420 kN

38. A 3.00 kg mass undaqo& an acceleration given by A= (2.00i + 5.003) m/s2. Find
the resultant force 2F and its magnitude.
a 1501 +6000 N, 162N
b. 1501 + 06000 N, 1.62N
¢. 6.00f +1501 N, 162N
d. 0600f + 1500 N, 162N

39. A 9.00 kg hanging weight is connected by a string
over a pulley to a 5.00 kg block that is diding on a
flat table .

If the coefficient of kinetic friction is 0.200, find the
tension in the string.

252N
88.2N
37.8N
176N

aoop
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40. The system shown in the Figure has an

acceleration of magnitude 2.00 m/s”, ,#ZTHN 110k
Assume the coefficients of kingtic friction =-HPkg. 7 0 kg
between block and incline are the same for both 4 e
inclines. Find (a) the coefficient of kinetic Ldns A0} 5,

friction and (b) the tension in the string.
a. (a)0.345; (b) 36.7N
b. (a) 0.129; (b) 51.6 N
c. (a)0.129; (b) 36.7 N
d. (a)0.0483; (b) 43.3N

41. A 3.00 kg massis moving in a plane, with its x and y coordinates given by x=5t>-1
and y=3t* +2, wherex and y arein metersand t isin seconds. Find the magnitude of
the net force acting on thismassatt =2.00 s.
a. 240N
b. 233N
c. 350N
d. 70.0N

42. A block is given an initial velocity of 4.00 m/s

up africtionless 25.0° incline.

How far up the indine does the block dlide e a

before coming to rest? ,"”
a. 1.93m e
b. 0.345m -
c. 1L75m )
d. 0.901m

43. Two masses of 2.50 kg and 6.00 kg are connected by a light
string that passes over a frictionless pulley, as in the Figure
P5.15a
Determine (a) the tension in the string, (b) the acceleration of
each mass, and (c) the distance each masswill movein the first

second of mation if they start from rest.
a. (a) 4.04N; (b) 34.6 m/s*; (c) 17.3m
b. (a) 34.6 N; (b) 9.80 m/s% (c) 490 m |
c. (a)34.6N; (b) 4.04 m/s* (c) 2.02m .
d. (a) 17.3N; (b) 4.04 m/s%; (c) 2.02m . I

44. A person stands on a scale in an elevator. As the eevator starts, the scale has a
constant reading of 581 N. As the elevator later stops, the scale reading is 431 N.
Assume the magnitude of the acceleration isthe same during starting and stopping
and determine (@) the weight of the person, (b) the person's mass and (c) the
acceleration of the devator.

a. (@) 506 N; (b) 15.7 kg; () 4.77 m/s’
b. (a) 506 N; (b) 51.6 kg; (c) 1.45 m/s?
c. (a) 506 N; (b) 51.6 kg; (c) 21.1 m/s?
d. (a) 150 N; (b) 15.3 kg; (c) 506 m/s’
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45. A penny of mass 3.10 g rests on a small 21.0 g
block supported by a spinning disk .
If the coefficients of friction between the block and
disk are 0.760 (static) and 0.630 (kinetic) while
those for the penny and block are 0.430 (kinetic)
and 0.500 (static), what is the maximum rate of
rotation (in revolutions per minute) that the disk
can have before either the block or the penny starts
todip?

56.6 rpm
75.2 rpm
68.5 rpm
61.0 rpm

aoop

46. A string under atension of 40.0 N is used to whirl arock in a horizontal circle of
radius 3.00 m at a speed of 26.4 m/s. The string is pulled in and the speed of the
rock increases. When the string is 1.00 m long and the speed of therock is47.0 m/s,
the string breaks. What is the breaking strength in Newtons of the string?

a 160N
b. 2210N
c. 232N
d. 380N

47. A 0.400 kg particle has a speed of 6.00 m/sat point A and kinetic energy of 15.5 Jat
point B. What is () its kinetic energy at A? (b) its speed at B? (c) the total work
done on the particle asit movesfrom A to B?

a. (a)14.4J (b) 6.23m/s; (c) 29.9J
b. (a) 7.20 J; (b) 8.80 m/s; (c) 8.30J
c. (a14.47 (b) 6.23m/s; (c) 1.10J
d. (a)7.20J; (b) 8.80 m/s; (c) 22.7J

48. An Atwood's machine supports

masses of 0.200 kg and 0.300 kg.

The masses are held at rest beside

each other and then released. . T .

Neglecting friction, what is the

speed of each mass theinstant it has

maxed 0.400 m? .
a 280m/s 1 g
b. 6.26m/s l,
c. 1.25m/s . ek
d. 157mis i) (i
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49. A force F= (8xi + 7yj) N acts on an object asif movesin the x direction from the
origin to x = 7.00 m. Find the work done on the object by the force.

368 J
1727
196 J
0J

aoop

50. A force F= (9i - 3j) N acts on a particle that undergoes a displacement d- (5i +
2j) m. Find (a) the work done by the force on the particle and (b) the angle
between F and 4 .

a. (a)39.0J (b) 49.8°
b. (a)5.10J; (b) 86.6°

c. (a) 5103 (b)3.37°
d. (a)39.0J (b) 40.2°

51. A 160 g block is pressed against a spring of force constant 1.60 KN/m until the block
compresses the spring 14.0 cm. The spring rests at the bottom of aramp inclined at
56.0° to the horizontal. Using energy considerations, determine how far up the
incline the block moves before it stops, (a) if there is no friction between the block
and the ramp and (b) if the coefficient of kinetic friction is 0.450.

a (@12.1m;(b)9.25m
b. (8 12.1m; (b) 10.7 m
c. (®17.9m;(b)9.25m
d. (& 17.9m; (b) 10.7m

52. If it takes 7.00 J of work to stretch a Hooke's Law Spring 14.0 cm from its
unstretched length, determinethe extrawork required to stretch it an additional 14.0
cm.

21.0J

100J

1477

7.00J

aoop

53. A block of mass 12.0 kg dides from rest down a frictionless 35.0° incline and is
stopped by a strong spring with k = 3.00 x 104 N/m. The block slides 3.00 m from
the point of release to the point where it comes to rest. When the block comes to
rest, how far has the spring been compressed?

a. 0.00321m
b. 0.139m
c. 0.153m
d. 0.116m
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A skier of mass 65.0 kg is pulled up a dope by a motor driven cable. (a) How much
work is required for him to be pulled a distance of 62.0 m up a 32.0° Sope
(assumed frictionless) at a constant speed of 1.80 m/s? (b) A motor of what power
isrequired to perform the task?

a. (a) 33.5kJ; (b) 0.972 kW
b. (a) 20.9kJ; (b) 0.608 kW
c. (a)39.5kJ (b) 1.15 kW

d. (a) 39.5kJ; (b) 0.354 kW

55.

A 675N marinein basic training climbs a9.00 m vertical rope at a constant speed in
7.00 s. What is his power output?

868 W

96.4 W

525 W

525W

coow |

56.

A 20.0 kg cannon ball isfired from a cannon with a muzzle speed of 100 m/s at an
angle of 78.0° with the horizontal. Use the law of the conservation of mechanical
energy to find (a) the maximum height reached by the ball and (b) the total
mechanical energy at the maximum height for the ball. Let y = O for the cannon.

a. (8)415m; (b) 177 kJ

b. (a) 415m; (b) 85.7 kJ

c. (a)488m; (b) 191 kJ

d. (a) 488 m; (b) 100 kJ

57.

A simple 2.20 m long pendulum is released from rest when the support string is at
angle of 27.0° from the vertical. What is the speed of the suspended mass at the
bottom of the swing?

6.20 m/s
4.43 m/s
217 m/s
4.85 m/s

aoop

58.

A 3.00 kg mass starts from rest and slides a distance m = 3.00 kg
d down africtionless 30.0° incline. While diding, it
comes into contact with an unstretched spring of
negligible mass, as shown in the Figure.

The mass slides an additional 0.200 m asitisbrought *=
momentarily to rest by compression of the spring (k
=400 N/m). Find the initial separation d between the
mass and the spring.

0.314 m
0.344 m
0.544 m
0.114 m

aoop
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59. A 56.0 kg block and an 94.0 kg block are connected by a string in the Figure.

The pulley is frictionless and of negligible mass.

The coefficient of friction between the 56.0 kg
block and theincline is m = 0.300. Determine the 500 kg
change in the kinetic energy of the 56.0 kg block P
asit movesfrom A to B, adistance of 17.0 cm. ey,

a.

b
C.
d

3.96 kJ 33.0°
5.16 kJ
3.07 kJ
2.36 kJ

60. A bead dides without friction around a loop the
loop . If the bead is released from a height h =
3.50R m, what isits speed at point A? How great
isthe normal forceif itsmassis5.00 g?

a0 o p

8.28+¥R mis, 0.294 N

5.42+R m/s, 0.0980 N
5.42+R m/s, 0.0490 N
8.28+¥R m/s, 0.0490 N

61. The coefficient of friction between the 2.50 kg block
and the surface in the Figure is 0.425. 2.60 kg
The system starts from rest. What is the speed of the ﬁ """"""""""""""" A
5.50 kg ball when it hasfallen 1.60 m?

a

b
C.
d

0.798 m/s
5.07 m/s

5.60 m/s el
4.17 m/s 550 Ky

62. A 12.0 kg block isreleased from point A in the Figure.

Thetrack is frictionless except for the portion between B and C, which has a length
of 5.75 m. The block travels down the track, hits a spring of force constant k = 2150
N/m, and compresses the spring 0.320 m from its equilibrium position before
coming to rest momentarily. Determine the coefficient of kinetic friction between
the block and the rough surface between B and C.

a.

288

b
c
d

0.394
0.163
0.557
0.719
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63. A 7.50 kg bowling ball collides head on with a 2.30 kg bowling pin. The pin flies

forward with a speed of 2.60 m/s. If the ball continues forward with a speed of 2.10
m/s, what was the initial speed of the ball? Ignore rotation of the ball.

a. 10.6m/s

b. 2.90m/s

c. 1.30m/s

d. 3.24m/s

A 5.400 kg bullet moving with an initial speed of
440.0 m/s is fired into and passes through a 1.000 :
kg block, as shown in the Figure. e Bkl
The block, initidly at rest on a frictionless, T i
horizontal surface is connected to a spring of force

440 1m /s
e 1E,

- o
i

RLL clr1— |-— v
i

constant 860.0 N/m. If the block moves 5.000 cm to I —
the right after impact, find (a) the speed at which the =
bullet emerges from the block and (b) the energy lost T —
in the collision.

a. (a)168.5m/s; (b) 446.1J
b. (a) 439.6 m/s; (b) 1.075J
c. (a)439.6m/s; (b)0J

d. (a) 168.5m/s; (b) 445.0J

65.

A 9.80 g bullet is fired into a stationary block of wood (M= 4.80 kg). The rdative
motion of the bullet stops inside the block. The speed of the bullet plus wood
combination is measured at 0.650 m/s. What was the original speed of the bullet?

a. 319m/s

b. 0.968 m/s

c. 317m/s

d. 14.4m/s

66.

A 35.0 kg child standing on a frozen pond throws a 0.550 kg stone to the east with a
speed of 5.20 m/s. Neglecting friction between the child and ice, find the recoil
velocity of the child.

0.0817 m/sto the west
Om/s

0.0817 m/sto the east
331 m/sto the west

aoop

67.

Two particles of masses 2m and 4m are moving toward each other along the x axis
with the same initial speeds, 1.00 m/s. Mass 2m is traveling to the left, while mass
4m is traveling to the right. They undergo a head on dastic collision and each
rebounds aong the same line as it approached. Find thefinal speeds of the particles.

a. Von=0.333m/s, vg = 1.67 mM/s

b. Vo, =1.00mM/s, Vg, = 1.00 m/s

C. Vom=1.67m/s V4, =0.333m/s

d. Von=4.00 m/s, vy, =2.00 m/s
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68. Find the mass, m, needed to balance the
1800 kg truck on the incline shown in the
Figure.

Assume all pulleys are frictionless and
massless.

2210 kg
246 kg
492 kg
737 kg

aoop

69. A mass 15.0 kg and a mass 10.0 kg are suspended by a
pulley that has a radius 10.0 cm and a mass 3.00 kg
(seethe Figure).

The cord has a negligible mass and causes the pulley to
rotate without dipping. The masses start from rest a
distance d apart. Treating the pulley as a uniform disk,
determine the speeds of the two masses as they pass

each other. M= 500 ks

E=100cm
my =15.0kg
me = 100 kg

a. 4.76m/s 2{H 1t

b. 3.33m/s

c. 2.36m/s g

d. 6.73m/s

70. A car accelerates uniformly from rest and reaches a speed of 22.0 m/sin 9.00 s. If
the diameter of atire is 58.0 cm, find (a) the number of revolutions the tire makes
during this motion assuming that no slipping occurs. (b) What isthefinal rotational
speed of thetirein revolutions per second?

a (& 21.9; (b)6.27 rps

b. (a) 0.219; (b) 0.0627 rps
c. (a)0.439; (b) 0.125 rps
d. (a)43.9; (b) 12.5rps

71. A shaft is turning at 59.0 rad/s at time zero. Theresfter, its angular acceleration is
givenby =-13rad/s2 - 7t rad/s3 wheret is the elapsed time. (a) Find its angular
speed at t = 2.00 s. (b) How far does it turn in the 2.00 s seconds?

a. (&) 27.0rad/s; (b) 40.0 rad
b. (a) 52.0rad/s; (b) Orad

c. (&) 19.0rad/s; (b) 82.7 rad
d. (&) 40.0rad/s; (b) 35.3 rad
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72. A racing car travels on acircular track with aradius of 200 m. If the car moveswith
a constant linear speed of 51.0 m/s, find (a) its angular speed and (b) the magnitude
and directions of its acceleration.

a. (a) 0.255 rad/s; (b) 51.0 /s in the direction of ¥
b. (a) 0.255 rad/s; (b) 13.0 m/s” toward the center of the track

c. (a) 0.255 rad/s; (b) 13.0 /s in the direction of ¥
d. (a) 3.92rad/s; (b) 13.0 m/s? toward the center of the track

73. The four particles in the Figure are connected by rigid

rods of negligible mass. (o}
Theorigin is at the center of the rectangle. If the system 4-“_“_55: 3.00 kg
rotates in the xy plane about the z axis with an angular g T
speed of 5.50 rad/s, calculate (a) the moment of inertia A.00 m
of the system about the z axis and (b) the rotational ol | =m)
energy of the system. '

a. () 32.1 kgm? (b) 176 J .00 I

b. (a) 93.5 kgm? (b) 1410J | 4

c. (a)32.1kgm? (b) 485J LOOky  3.00 kg
d. (a) 93.5kgm? (b) 514 J

74. An airliner arrives at the terminal, and its engines are shut off. The rotor of one of
the engines has an initial clockwise angular speed of 1800rad/s. The engine's
rotation slows with an angular acceleration of magnitude 85.0rad/s”. (a) Determine
the angular speed after 9.00s. (b) How long does it take for the rotor to come to
rest?

a. (&) 2565radls; (b) 21.2s
b. (a) 1035rad/s; (b) 21.2 s
c. (a) 2565 rad/s; (b) 0.0472 s
d. (a) 765radls; (b) 0.0472 s

75. A potters whedl-a thick stone disk with aradius of 0.500 m and a mass of 100 kg is
freely rotating at 50.0 rev/min. The potter can stop the wheel in 6.00 sby pressing a
wet rag againgt the rim and exerting a radial force of 70.0 N. Find the effective
coefficient of kinetic friction between the wheel and therag.

a 0714
b. 0.312
c. 0.0223
d. 321

76. A grinding whed! isin theform of auniform solid disk having radius of 8.00 cm and
amass of 2.20 kg. It starts from rest and accelerates uniformly under the action of
the constant torque of 0.550 Nm that the motor exerts on the wheel. (a) How long
does the whedl take to reach itsfinal rotational speed of 1100 rev/min? (b) Through
how many revolutions does it turn while accel erating?

a. (a)0.678s; (b) 2.86
b. (a) 0.235s; (b) 0.342
c. (8)295s; (b)27.0
d. (a)1.48s; (b) 135
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77. The angular position of a swinging door is described by g = 5.00 + 10.0t + 2.00t?
rad. Determine the angular position, angular speed and angular acceleration of the
door at 2.25 s.

a.

b.
C.
d

37.6°, 44.2 radls, 63.4 rad/s®
17.0°, 14.0 rad/s, 2.00 rad/s?
37.6°, 14.5 rad/s, 2.00 rad/s®
37.6°, 19.0 rad/s, 4.00 rad/s?

78.

A congtant torque of 30.0 Nm is applied to a grindstone whose moment of inertiais
0.170 kgm2. Using energy principles, find the angular speed after the grindstone
has made 13.0 revolutions (neglect friction).

a.

b.
C.
d

1290 rad/s
84.9 rad/s
170 rad/s

47.1 rad/s

79. A uniform, thin, solid door has a height of 2.40 m, awidth of 0.77 m and a mass of
23.0 kg. Find its moment of inertia for rotation on its hinges? Are any of the data
unnecessary?

a
b.

C.

d.

44.2 kgm?, no
44.2 kgm?, yes
4.55 kgm?, yes
4.55 kgm?, no

80.

Two blocks, as shown in the Figure, are connected 2.00 m /s
by a string of negligible mass passing over a pulley ' /
of radius 0.250 m and movement of inertia |. The ""l
block on the frictionless incline is moving upward 150 lxg

Determine T1 and T2, the tensions in the two parts

I
with a constant acceleration of 2.00 m/s2. (a) ‘[@gmm

of the spring. (b) Find the moment of inertia of the ,,7 G

pulley.

aoop

(8) T, = 119 N, T, = 156 N; (b) 8.58 kgm®
(@) T.= 119N, T, = 156 N; (b) 1.17 kgm?
(@) T.=585N, T, = 236 N; (b) 5.55 kgm?
(@) T, = 147 N, T, = 156 N;; (b) 0.269 kgm?

81.

Compute the gravitational field at point P on the

perpendicular bisector of two equal masses, m = 3.00 g,

separated by a distance 2a (as shown in the Figure) where
a=6.00cmandr = 3.00 cm.

Assume point P to be the origin.

a.

b
C.
d

292

(-1.99 x 101 +3.98 x 10) m/s?

(7.95x 1011 ) m/&? W
(-3.98x 101 ) m/g?

(-7.95 x 101 m/g?
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82. A 400 kg uniform solid sphere has a radius of 0.400 m. Find the magnitude of the

gravitational force exerted by the sphere on a 70.0 g particle located 0.200 m from
the center of the sphere.

a. ON

b. +4.67x10%N

c. +5.84x10°N

d. +117x10°N

83. When a falling meteoroid is at a distance above the Earth's surface of 4 times the

Earth's radius, what isits accel eration due to the Earth's gravity?

0.612 m/s?
0.392 m/s?
1.96 m/s?
9.80 m/s’

aoop

84. Two spheres having masses 2M and 5M and radii 2R and 1R, arereleased from rest

when the distance between their centers is 14R. How fast will each sphere be
moving when they collide? Assume that the two spheres interact only with each
other.

a Vp=(L32x10° VR Yy s ve = (836X 10° ) mis
b. Ve =(L32x10° VR Y mys vis = (L04x 10° ) mis
. Vp=(L12x10° VR Y nys v = (447%x10° ) mis

d. V= (6.90x 10° VR Y nys vis = (437x10° ) mis

85.

Neutron stars are extremely dense objects that are formed from the remnants of
supernova explosions. Many rotate very rapidly. Suppose that the mass of a certain
spherical neutron star is three times the mass of the Sun and that its radiusis 12.0
km. Determine the greatest possible angular speed it can have for the matter on the
surface of the star on its equator to be just held in orbit by the gravitational force.

8.76 x 10° rad/s
1.82 x 10° rad/s
1.05 x 10° rad/s
1.52 x 10* rad/s

aoop

86. Two objects attract each other with agravitational force of magnitude 2.00 x 10-8 N

when separated by 22.0 cm. If the total mass of the two objects is 8.00 kg, what is
the mass of each?

a. my=278Kkg, m=5.22kg

b. m =4.00 kg, m, = 4.00 kg

c. my=3.81kg, m,=4.19kg

d. my=3.81kg, m,=3.81kg
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Multiple choice question

87. How much energy isrequired to move a 1000 kg mass from the Earth's surface to an
altitude 2 times the Earth's radius?

aoop

417 x 10
7.37x 10°J

3.13x10%°J
1.25x 10" J

88. Three uniform spheres of masses 1.00 kg, 3.00 kg and

5.00 kg are placed at the corners of aright triangle, as ¥
illustrated in the Figure.
Calculate the resultant gravitational force on the 3.00 {0, 1.00 m
kg mass, assuming that the spheres are isolated from ' G100 kg
the rest of the universe. ) (—2.00,0) m ‘l Fiz

a (-1.00x10°1 +500x 10 N g Foiaw

. 3 o0k
b. (2.50x 10%°i +2.00x 101°3) N 5.00kg © | T

C.

d.

(-2.50x 1021 +2.00x 10°3) N
(L.00x 10°1 +500x 1013) N

89. What is the work required to move an Earth satellite of mass m = 250 kg from a
circular orbit of radius 2RE to one of radius 5RE?

aoop

2.35x 10°J
1.64x 10°J
1.31x 10°J
6.52 x 108 J

90. (a) Determine the amount of work (in joules) that must be done on a 100 kg payl oad
to elevate it to a height of 1000 km above the Earth's surface. (b) Determine the
amount of additional work that is required to put the payload into circular orbit at
this elevation.

a.

b.

C.

d.

(8) 1.17 x 10° J; (b) 2.71x 10° J
(a) 8.50 x 108 J; (b) 3.56 x 10° J
(@) 1.17x 10 J; (0) 0J

(a) 8.50 x 108 J; (b) 2.71 x 10° J

91. A simple pendulum is 3.00 m long. (8) What is the period of simple harmonic
motion for this pendulum if it is hanging in an eevator that is accelerating upward
at 5.00 m/s2? (b) What isits period if the elevator isaccelerating downward at 5.00
m/s2? (c) What is the period of simple harmonic motion for this pendulum if it is
placed in atruck that is accelerating horizontally at 5.00 m/s2?

a
b.
C.
d.

294

(a) 4.97 s; (b) 2.83s; () 3.48 s
(a) 2.83 s; (b) 4.97 s, () 3.28 s
(a) 2.83 s; (b) 4.97 s, (c) 3.48 s
(a) 4.97 s; (b) 2.83s; () 3.28 s
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92. A large block P executes horizonta simple
harmonic motion as it dides across a frictionless
surface with a frequency of f = 2.50 Hz. Block B
rests on it, as shown in the Figure, and the
coefficient of static friction between the two is kg
= 0.500.

What maximum amplitude of oscillation can the
system have if block B isnot to dlip?

7.94 cm
1.99 cm
7.76 cm
3.97cm

aoop

93. A pendulum with a length of 0.600 m is released from an initial angle of 21.0°.
After 1200 s, its amplitude is reduced by friction to 7.30°. What is the value of
b/2m?

8.81 x 10 rad/s

5.08 x 10 rad/s

0.247 rad/s

4.04 rad/s

aoop

94. A car with bad shock absorbers bounces up and down with a period of 1.75 s after
hitting a bump. The car has a mass of 1600 kg and is supported by four springs of
equal force constant k. Determine the value of k.

a. 1.44kN/m
b. 5.16 KN/m
c. 825kN/m
d. 20.6 kN/m

95. A physical pendulum in the form of a planar body moves in simple harmonic
motion with a frequency of 0.475 Mz. If the pendulum has a mass of 2.60 kg and
the pivot is located 0.310 m from the center of mass, determine the moment of
inertia of the pendulum.

2.65 kgm?
0.0451 kgm?
0.887 kgm?
1.13 kgm?

aoop

96. A mass spring system oscillates with an amplitude of 3.00 cm. If the spring constant
is 270 N/m and the mass is 0.550 kg, determine (a) the mechanical energy of the
system, (b) the maximum speed of the mass and (c) the maximum accel eration.

a. (a) 0.243 J; (b) 0.442 m/s; (c) 0.665 m/s*
b. (a) 0.122 J (b) 0.665 m/s; (c) 0.665 m/s?
c. (a)0.122 J (b) 0.665 m/s; (c) 14.7 m/s’
d. (a) 0.122 J (b) 0.442 m/s; (c) 14.7 m/S’
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Multiple choice question

97. A 7.00 kg mass is hung from the bottom end of a vertical spring fastened to an
overhead beam. The mass is set into vertical oscillations with a period of 2.60 s.
Find the force constant of the spring.

2.90 N/m
1.20 N/m
16.9 N/m
40.9 N/m

aoop

98. A simple harmonic oscillator takes 6.00 s to undergo five complete vibrations. Find
(a) the period of its motion, (b) the frequency in Hz, and (c) the angular frequency
in radians per second.

a. (a)0.600s; (b) 1.67 Hz; (c) 3.77 rad/s
b. (a) 1.20s; (b) 0.833 Hz; (c) 5.24 rad/s
c. (a)0.600s; (b) 1.67 Hz; (c) 10.5rad/s
d. (a) 1.20s; (b) 0.833 Hz; (c) 7.54 rad/s

99. In an engine, a piston oscillates with simple harmonic motion so that its
displacement varies according to the expression x = (5.00 cm)cos(2t + /6) wherex
isincmandtisin seconds. At t =0, find (a) the displacement of the particle (b) its
velocity and (c) its acceeration. (d) Find the period and amplitude of the motion.

(a) 4.33 cm; (b) 5.00 cm/s; (c) 17.3 cm/s%; (d) 0.318 s, 5.00 cm
(a) 4.99 cm; (b) -0.0914 cm/s; (c) -19.9 cm/s’; (d) 3.14 s, 5.00 cm
(a) 4.33 cm; (b) -5.00 cm/s; (c) -17.3 cm/s’; (d) 3.14 s, 5.00 cm
(a) 4.33 cm; (b) -2.50 cm/s; (c) -4.33 cm/s%; (d) 3.14 s, 2.50 cm

aoop

100. Damping is negligible for a 0.150 kg mass hanging from a light 6.30 N/m spring.
The system is driven by a force oscillating with an amplitude of 1.70 N. At what
frequency will the force make the mass vibrate with an amplitude of 0.440 m?

0.642 Hz

1.03 Hz

1.31Hz

1.31 Hz or 0.641 Hz

aoop

101. One end of alight spring with a force constant of 110 N/m is attached to a vertical
wall. A light string is tied to the other end of the horizontal spring. The string
changes from horizontal to vertical asit passes over a 3.00 cm diameter solid pulley
that isfreeto turn on afixed smooth axle. The vertical section of the string supports
a 150 g mass. The string does not dip at its contact with the pulley. Find the
frequency of oscillation of the massif the mass of the pulley is 500 g.

a. 2.64Hz
b. 225Hz
c. 2.07Hz
d. 431Hz
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102. A 1.50 kg block at rest on a table top is attached to a horizontal spring having a
force constant of 19.6 N/m. The spring isinitially unstretched. A constant 20.0 N
horizontal force is applied to the object, causing the spring to stretch. (a) Determine
the speed of the block after it has moved 0.300 m from equilibrium, assuming that
the surface between the block and the table top is frictionless. (b) Answer part (@)
for a coefficient of kinetic friction of 0.200 between the block and the table top.

(a) 2.38 m/s; (b) 2.61 m/s
(& 2.61 m/s; (b) 2.83 m/s
(& 2.61 m/s; (b) 2.38 m/s
(® 2.38m/s; (b) 2.12 m/s

aoop

103. A torsiona pendulum is formed by attaching a wire to the center of a meter stick
with a mass of 1.80 kg. If the resulting period is 3.10 min, what is the torsian
constant for the wire?

4.28 x 10° kgm?/<* b. 5.14 x 10* kgm?/s*
5.14 x 10 kgm?%/&’
1.71 x 10* kgm?%/&’
1.27 x 10 kgm?%/s*

aoop

104. While riding behind a car that is traveling at 2.00 m/s,
you notice that one of the car's tires has a small
hemispherical boss on itsrim, as shown in the Figure. b

Boass
",

If the radius of the car's tire is 0.250 m, what is the boss's
period of oscillation?

0.785s
1.57s
1.27s
0.393s

aoop

105. A horizontal pipe 6.0cm in diameter has a smooth reduction to a pipe 3.00cm in
diameter. If the pressure of the water in the larger pipe is 9.00x104 Pa and the
pressure in the smaller pipe is 6.00x104 Pa, at what rate does the water flow
through the pipe?

a. 3.16kgl/s
b. 5.66 kg/s
c. 141kgls
d. 12.7kgl/s
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Multiple choice question

106. the Figure shows a tank of water with a
valve at the bottom.
If the valve is opened, what is the maximum
height attained by the water stream exiting
the right side of the tank? Assume that h =
40m, L=30m and q = 25° and that the
Cross sectional area at point A is very large
compared to that at point B.

aoop

0.94 m above the level where the water emerges
0.49 m above the level where the water emerges
0.78 m above the level where the water emerges
1.1 m above the level where the water emerges

107. Thetank shown in the Figureisfilled with water
to adepth of 2.20 m.
At the bottom of one of the side walls is a
rectangular hatch 1.20 m high and 2.20 m wide.

The hatch is hinged at its top. (@) Determine the =2.20'm : | ;0 m

force that the water exerts on the hatch. (b) Find _l_ s

the torque exerted about the hinges. e Rl
hf.i’ll} Tk

4.14 x 10* N/m?; (b) 4.97 x 10* Nm
3.67 x 10* N/m? (b) 2.01 x 10* Nm
4.14 x 10* N/m?; (b) 4.66 x 10* Nm
1.55 x 10* N/m? (b) 1.86 x 10* Nm

aoop

108. A wooden dowd has a diameter of 1.40 cm. It floatsin
water with 0.450 cm of its diameter above the water
level.

Determine the density of the dowel.

722 kg/m®
679 kg/m®
821 kg/m®
757 kg/m®

aoop

109. A frog in a hemispherical pod finds that he floats without sinking into a sea of

blue-green ooze having a density of 1.40 g/cm3 (the
Figure P15.28).
If the pool has a radius of 5.00 cm and a negligible
mass, what is the mass of the frog?

a. 2209

b. 3679

c. 733¢g

d. 110g
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110. A large storage tank, opened at the top, and filled with water, developsasmall hole
initsside at apoint 16.0 m below the water level. If therate of flow from theleak is
2.50 x 10-3 m3/min, determine (a) the speed at which water leaves the hole and (b)
the diameter of the hole.

a. (8 12.5m/s; (b) 1.34cm
b. (a) 17.7 m/s; (b) 0.173 cm
c. (& 12.5m/s; (b) 0.206 cm
d. (a) 17.7 m/s; (b) 0.0865 cm

111. The small piston of a hydraulic lift has a cross sectional area of 2.50 cm?, and its
large piston has a cross sectional area of 230
cm?’ (see the Figure).

What force must be applied to the small piston
for it to raise a load of 19.0 kN? (In service
stations, this force is usually generated with
the use of compressed air.)

4.84 kN
1748 kN
19.0kN
0.207 kN

aoop

112. A pitot tube can be used to determine the velocity of our flow by measuring the
difference between the total pressure and the
static pressure. If the fluid in the tube is w7
mercury, whose density is ry, = 13,600 -~
kg/m?, and if Dh = 6.00 cm, find the speed of ., .
air flow. (Assume that the air is stagnant at ' - |l A
point A, and taker 4, = 1.25 kg/m°.) — -

L
1]
Aercary -'-é\,_' T

r
-

LE B ]

205 m/s
113 m/s
78.0 m/s
12.6 m/s

aoop

113. A light spring of constant k = 100 N/m rests vertically on atable.
A 2.40 g balloon isfilled with helium (density = 0.180
kg/m®) to avolume of 4.20 m® and is then connected to _
the spring, causing it to stretch as shown in the Figure |
P15.54b. Determine the extension distance L when the —

balloon isin equilibrium. .
a. 0.0741m
b. 0.457m FrT——
c. 0531m . .
d. 0.605m '
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Multiple choice question

114. A 1.00 kg beaker containing 2.00 kg of il (density =
916.0 kg/m?) rests on a scale. A 2.00 kg block of iron is
suspended from a spring scale and completely submerged
in the oil, as shown in the Figure.

Determine the equilibrium reading of (a) the top scale and
(b) the bottom scale.

(a8 2.19N; (b) 27.1N
() 17.3N; (b) 49.0N
(8 17.3N; (b) 31.7N
(8 2.19N; (b) 29.4N

aoop
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SOLUTION OF THE MULTIPLE
CHOICE QUESTIONS

C 2 b
3 b 4 d
5 a 6 b
7 a 8 C
9 d 10 b
11 a 12 b
13 C 14 a
15 b 16 d
17 C 18 d
19 b 20 a
21 a 22 a
23 b 24 C
25 a 26 b
27 d 28 a
29 b 30 d
31 b 32 b
33 a 34 d
35 d 36 C
37 a e 38 c
39 C 40 d
41 c 42 a
43 C 44 b
45 d 46 d
47 b 48 C
49 C 50 d
51 a e 52 a
53 d 54 b
55 a 56 d
57 C 58 b
59 C 60 b
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61 d 62 a
63 b 64 d
65 a 66 a
67 C 68 b
69 C 70 d
71 C 72 b
73 b 74 b
75 b 76 d
77 d 78 C
79 C 80 b
81 C 82 C
83 b 84 C
85 d 86 a
87 a 88 C
89 a 90 d
91 b 92 b
93 a 94 b
95 C 96 C
97 d 98 b
99 C 100 C
101 a 102 C
103 C 104 a
105 b 106 b
107 b 108 a
109 b 110 b
111 d 112 b
113 b 114 C

L
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APPENDIX (A)

The international system of units

(Sh

SI Units http://tcaep.co.uk/science/siunits/index.htm

Sl Units and Definitions

The Fundamental Sl Units

Quantity Unit Abbreviation

Mass kilogram kg

Length meter m

Time second S

Temperature kelvin K

Electrical current ampere A

L uminous intensity candela cd

Amount of substance | mole mol

Plane angle radian rad

Solid angle deradian | &

Sl Prefixes

Prefix | Symbol | Factor || Prefix | Symbol | Factor
yatta | Y 10* deci d 10"
zetta | Z 10% centi | c 10°
exa E 10 milli | m 10°
peta | P 10° micro | m 10°
tera | T 10% nano | n 10°
gga |G 10° pico |p 10"
mega | M 10° femto | f 0™
kilo k 10° atto | a 10"
hecto | h 10° zepto |z 0%
deca | da 10 yocto |y 10
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Sl Derived Units expressed in terms of base units

Quantity Name Symbal
area square meter m?
volume cubic meter m®
speed, velocity meter per second m/s
acceleration meter per second square m/s’
wave number 1 per meter m*
density, mass density kilogram per cubic meter | kg/m®
specific volume cubic meter per kilogram | m°/kg
current density ampere per square meter | A/m®
magnetic field ampere per meter A/m
strength
concentration mole per cubic meter mol/m®
luminance candela per square meter | cd/m?
Sl Derived Unitswith special names
: Expression
Expression | .
Quantity Name Symbal | in terms of IGATSes
other units <l base
units
frequency hertz Hz st
force newton N m kg s°
pressure, stress pascal Pa N/m? m* kg s?
ener gy, work, quantity joule 3 Nm P kg 52
of heat
power, radiation flux watt W Js m’ kg s°
electric charge coulomb C sA
£ IS [FEIETiE) volt \Y WI/A m® kg s°A™
difference
electr omotive for ce volt Vv W/A m’ kg s°A™
capacitance farad F CIV m? kg’ s'A?
electric resistance ohm w V/A m’ kg s°A
electric conductance siemens S AV m? kg’ $A?
magnetic flux weber Wb Vs m’ kg s°A™
magnetic flux density tesla T Wh/m? kgs®A™
inductance herny H Wh/A m’ kg s°A*
degree g
temperature B C K
luminance flux lumen Im cd s
luminance lux Ix Im/m? m?cdsr
activity of radionuclide | becquerd Bq st
absor bed dose gray Gy Jkg m’s?
dose equivalent sievert Sv Jkg m’s?
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Sl Derived Units Expressed by M eans of Special Names

. Expression in terms
QUETIIE7 NELS St of Sl base units
Dynamic Viscosity pascal second Pas m'kgs*
Moment of Force newton meter Nm M? kg s?
Surface Tension newton per metre | N/m kg s
Heat _FI ux Density / watt per square W/m? kgs®
Irradiance metre
Heat Capacity / Entropy joule per kelvin | JK M?kgs?K™
Specific Heat Capacity / joule per 2 2,1
Specific Entropy kilogram kelvin JkgK) | msTK
- joule per 2 2
Specific Energy kilogram Jkg M*s
. watt per metre W/(m 3,1
Thermal Conductivity kelvin K) mkgs®K
. joule per cubic 3 1 -2
Energy Density metre Jm m~kgs
Electric Field Strength volt per metre Vim mkgs®A*
Electric Charge Density coulomb per C/m® m3sA
cubic metre
Electric Flux Density coulomb per C/m? m2sA
sguare metre
Permittivity farad per metre | F/m m3kg' s A?
Permeability henry per metre | H/m mkgs?A?
Molar Energy joule per mole Jmol m? kg s? mol™®
Molar Entropy / Molar joule per mole J(mal 2 20,1 a1
Heat Capacity kelvin K) m"kg s* K= mal
coulomb per 3
Exposure (x and ¥ rays) kilogram Clkg kg~ sA
Absorbed Dose Rate gray per second | Gy/s M2 s3
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Appendices

Sl Supplementary Units

Quantity Name Symbol Expression in terms of Sl base units
Plane Angle | radian rad mm'=1
Solid Angle | steradian | s m’m?=1

Sl Derived Units Formed Using Supplementary Units

Quantity Name Symboal
Angular Velocity radian per second rad/s
Angular Acceleration radian per second sgquared rad/s’
Radiant Intensity watt per steradian W/sr
Radiance watt per square metre steradian W/(m? &)
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Length

Metric and Imperial Measures

1 centimeter cm =10 mm =0.3937in

1 meter m =100 cm =1.0936 yd

1 kilometer km =1000 m =0.6214 mile
1linch in =254 cm
1yard yd =36in =0.9144 m

1 mile = 1760 yd =1.6093 km

Surface or Area

1sgcm cm’ | =100 mm? =0.1550in’
1sqgm m’ =10000 cm® | = 1.1960 yd”

1 sqkm km*> | =100 ha = 0.3861 mile’
1sqin in® = 6.4516 cm”
1sqyd yd? =9ft’ =0.8361 m*

1 sqmile mile | =640acres | = 2.59 km?

Volume and Capacit

M ass

1lcucm cm’ =0.0610in°

lcum m? =1000dm® | =1.3080 yd®
1 liter [ =1dm° = 0.220 gal

1 hectoliter hi =1001 =21.997 gal

lcuin in® =16.387 cm®
lcuyd yd® =271t =0.7646 m*

1 pint pt =20fl oz =0.56831 |

1 gallon gal =8 pt =4.5461

US M easures

1gram g = 1000 mg =0.0353 0z
1 kilogram kg =1000g =2.20461b
1 tonne t = 1000 kg =0.9842 ton
1 ounce 0z =437.5grains | =28.35¢g
1 pound Ib =160z = 0.4536 kg
1lton = 20cwt =1.016t
USMeasures
1 USdry pint =33.60in° = 0.5506 |
1USliquid pint | =0.8327 imp pt =0.47321
1USgallon =0.8327impga | =3.785I
1 short cwt 1001b = 45.359 kg
1 short ton 2000 Ib =907.19 kg
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Symbols
Greek Alphabet
‘ http://tcaep.co.uk/science/symbols/ar eek .htm
A o alpha = q Xi
B | B |bea o | o |
r Y gamma 1 I pi
A i delta p p rho
E € epsilon T o sigma
Z € | zea T 1 tau
H n eta Y v upsilon
] B theta @ o phi
I 1 iota X x chi
K K kappa Wy yr psi
A ry lambda 0 w omega
M K mu = £ i
N Vv nu
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APPENDIX (B)

Answer of Some Selected Problems

Chapter 2

2.1) (a) 250 m/s
(b)-2.27m/s, (c)=0

2.2) 20 m/s, 6 m/s?

2.3) 26,500 m/s’

2.4) -32.3 ft/

2.5) Time to fall 1.00 m on Moon is
2.46
times longer.

2.7) 50km/h
2.8) -4.00m/s?
2.12) -16.0cm/s”
2.13) (8) 12.7m/s (b) -2.30m/s
2.19) (a) (2i+3))m/s?

(b) (Bt+t?)i+(-2t+1.5t%)j m/s
2.23) 53.1°
2.24) 32.0m/s’
2.26) (a) -30.8i m/s’  (b) 70.4j m/s’

Chapter 3
3.1) (a) 1/3; (b) 0.75m/s’

3.3) (a) 5.00m/s%, (b) 19.6N
(c) 10m/s2.

3.5) 312N
3.9) 19.6N

312

Chapter1
1.1) Yes.
1.2) (a) wrong, (b) correct
1.5) L/T®
1.6) (a) 8.6m,
(b) 4.47m at 297°; 4.24m at 135°
1.7) (-2.75m, -4.76)

1.8) (5.83 m, 121°)
2.10) (2.05m, 1.43m)

2.11) (a) 5.00 at 307°

(b) 5.00 at 53.1°

2.12) 47.2 units at 122°

2.13) 7.21m at 56.3°

1.15) (a) (-11.1m)i+(6.4m)]
(b) (1.65cm)i+(2.86cm)j
(c) (-18cm)i-(12.6cm)j

1.16) (2.6m)i+(4.5m)j

1.17) () 7 at 217°, (b) 95.3 at 253°

1.18) 5.83m at 149°

1.20) (a) (-3i-5) m, (-i+8)) m
(o) (2i +13j)) m

1.22) (a) 3.61; (b) 33.7°

1.25) 68.0°

www.hazemsakeek.com



http://www.hazemsakeek.com

Lecturesin General Physics

5.11) (a) —160J, (b) 73.5J,
() 28.8N, (d) 0.679

5.10) 3.74m/s
5.11) 0.721m/s
5.12) 10.2m

Chapter 6
6.1) (9.0i-12.0j) kg.m/s, 15.0 kg.m/s

63 (@ 17 10°%kg.m/sin  the
northwesterly

direction

(b) 5.66 10°N at 135° from the
east.

6.6) (a) 7.5 kg.m/s, (b) 375 N.

6.8) 260 N toward the left in the
diagram

6.9) 0.400 m/sto the west

6.10) The boy moves westward with a
speed of 2.67m/s.

6.12) 314 m/s

6.13) (a) 20.9 m/s east
(b) 8.74kJ into thermal energy

Chapter7

7.1) (a) 4.0 rad/s, (b) 10.0 rad

7.3) 1.99° 107 rad/s, (b) 2.66" 10°® rad/s
7.5) (a) 5.24's, (b) 27.4 rad

7.8) (3) 0.18 rads,
(b) 8.1m/s* to the center of the
track.

7.10) (a) 8.0 rad/s,
(b) 8.0 m/s, a,=-64m/s*, a=4m/s’
(c) 9rad

Dr. Hazem Falah Sakeek

3.11) (b) 16.7N, 0.687m/s’

3.12) 1.36kN

3.14) (a) 706N, (b) 814N
(c) 706N, (d) 648N

3.15) (a) 8.0m/s (b) 3.02N

3.16) 60.0N

3.17) 0<v<8.08m/s

Chapter 4

4.1) 30.6m

4.3) 8.75m

4.4) (a) 0.938cm, (b) 1.25]
4.5) 1.59kJ

4.7) (a) 33.8J, (b)135J
4.9) (a) 2m/s, (b) 200N
4.11) 875W

4.12) 3.27kW

4.14) (a) 7.5 10%), (b) 2.5" 10°W,
(c) 3.33 10°'W

4.16) (a) (2+24t°+72t%)],
(b) a=12t m/s*; F=48t N,
(c) (48t+288t3)W, (d) 1.25" 10°J

4.18) (a) 20J, (b) 6.71m/s

Chapter 5
5.3) (a) 45J, (b) -45J, () 67.5

5.6) (a) 64, 0, 64J, (b) 39.5J, 24.5,
64,
() 0J, 64, 64J, (d) 13.1m

5.7) (@) 4.43m/s, (b) 5m
5.8) 119nC, 2.67m
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(b) +0.32m/s, -0.96m/<’,
0.232s
9.12) (a) 0.153 J, (b) 0.783m/s,

(c) 17.5m/s
9.13) £2.6 cm

9.14) (a) 1.55m, (b) 6.06's
9.16) (a) halved, (b) doubled

9.18) (a) 0.820 my/s, (b) 2.57rad/s?,
(c) 0.641N

9.19) increased by 1.78" 10° s

Chapter 10

10.1) 0.111 kg

10.4) 20.6 m

10.9) (a) 7 cm, (b) 2.8 kg
10.11) 17.7 m/s, 1.73 mm

10.11) (a) —160J, (b) 73.5J,
() 28.8N, (d) 0.679

10.10) 3.74m/s

314

(©

7.14) (17.5 kg.m/s")k
7.15) (60 kg.m/s")k

7.16) (a) 7.06x10* kg.m/<,
(b) 2.64x10% kg.m/s?

Chapter 8
8.1) 2.96" 10"

8.3) 4.6 10°N
toward the center of the triangle

Y. %D
8.5) F=Gn &t @

FG 2é2+ 3a U
y—om §_5 (a2+b2)3’ZH

e exY end

2GMr
88) (rZ +a2)3/2
8.10) (a) -1.67" 10,
(b) at the center of the triangle
8.13) 1.66" 10°m/s

8.15) (a) 1.88" 10", (b) 100kW

Chapter 9

9.1) (@) 1.5Hz, 0.667s, (b) 4m,
(©prad, (d)-4m

9.3) (@) 4.33cm, (b) -5cm/s,
(0)-17.3cm/s, (d)ps, 5cm

9.5) 3.33cm
9.6) 3.95 N/m

9.8)) (a) 2.4 s, (b) 0.417 Hz,
(c) 2.62rad/s

9.10) (a) 0.4 m/s, 1.6 m/s%,
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APPENDIX (D)

Energy of simple harmonic
motion, 237

Equilibrium, 80

Escape velocity, 219

F

Fluid mechanics, 256
Force, 80

Force of friction, 96
Free fall, 53
Frequency, 232

G

Gauge pressure, 259
Gravitational field, 214
Gravitational force, 213
Gravitational potential energy,
215

Impulse, 155

Inelastic collision, 160
Instantaneous acceleration, 45
Instantaneous velocity, 44

J
Joule, 114

K

Kinematics, 42
Kinetic energy, 120
Kinetic friction, 97

L

Law of motion, 80
Linear momentum, 154

318

Index

A

Absolute pressure, 259
Action at a distance, 80
Amplitude, 231

Angular frequency, 231
Angular acceleration, 185
Angular displacement, 186
Angular velocity, 184
Archimedes' principle, 263
Atmospheric pressure, 258
Average acceleration, 45
Average velocity, 44

B

Bernoulli's equation, 269
Buoyant forces, 263

C

Chemical energy, 112
Collisions, 160
Conservation of linear
momentum, 158
Conservation of mechanical
energy, 135
Conservative forces, 133
Contact force, 80
Continuity equation, 268
Coordinate system, 22
Cross product, 33

D

Density, 256

Derived physical quantity, 16-18
Dimensional analysis, 19

Dot product, 31

Dynamics, 80

Elastic collision, 164
Electromagnetic energy, 112
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S

Scalar product, 31

Simple harmonic motion, 230
Simple pendulum, 241

Static friction, 97

T

Tension, 83

Thermal energy, 112

Time Length, 17

Torque, 199

Torsional pendulum, 245
Total mechanical energy, 136

U

Unit system, 17
Unit vector, 25

\%

Vector product, 33
Vectors, 24
Vibration motion, 230

W

Watt, 121

Weight, 82

Work, 114

Work and energy of rotational
motion, 201

Work and kinetic energy, 120
Work done by a spring, 119
Work with constant force, 117
Work with varying force, 117
Work-energy theorem, 144

Dr. Hazem Falah Sakeek

M

Mass, 17

Mechanical energy, 112
Moment of inertia, 194
Motion in one dimension, 50
Motion in two dimension, 57
Motion in uniform circle, 69

N

Newton's first law, 81
Newton's first law, 81
Newton's first law, 81
Newton's law of universal
gravitation, 210
Non-conservative forces, 144
Nuclear energy, 112

O

Operational definition, 16
Oscillatory motion, 230
Pascal, 258

P

Pascal's law, 259
Perfectly inelastic collision, 161
Periodic motion, 230
Periodic time, 232
Phase constant, 231
Physical quantity, 16
Polar coordinates, 23
Position vector, 42
Potential energy, 135
Power, 121
Pressure, 256
Projectile motion, 58

R

Radian, 183

Rectangular coordinates, 22
Restoring force, 230

Right hand rule, 199
Rotational kinetic energy, 194
Rotational motion, 182
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After careful analysis of objectives and problems
involved, preliminary versions of textbook were
prepared, tested through calssroom at Al-Azhar
University-Gaza. In General, the textbooks in the series
of the Lecture in General Physics will be so brief to be
covered in a single semester. Each part of this series will
be for both lecturers and students. Thier brevity and
structure will make them possible for lecturers to select
topics and organize courses according to individual needs
and preferences.

The complete series will cover the appropriate
constituents for a wide variety of introoductory one - and
two - year courses at the university level.

Mechanics
Principles & Applications

This textbook covers that portion of the introductory
university level physics course for science, engeneering,
medical and pharmacy student dealing with the

principles of mechanics and their applications.
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