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Physics Is the most interesting
subject in the world
because
it Is about how the world works



Chapter 1: Measurements

» There are two kinds of physical quantities
» Basic quantities: length, time, mass, temperature,

pressure, and electric current.

» Derived quantities: all other physical quantities
» For example, speed is defined in terms of length and time .

» The wunit of each quantity 1S a unique name.

Example: meter (m) for the quantity length.




Three Systems of Units (SI)

French (international) system [SI]: MKS: meter, Kg, second
French system: CGS: centimeter, gram, second
British system: FPS: feet, pound, second

The International System of Units (SI)

» Seven guantities are base quantities

Table

Units for Three S| Base Quantities Temperature > Kelvin
Quantity ~ Unit Name  Unit Symbol | El€ctric current . ampere
Length meter m Luminous intensity : candela
Time second )

Mass kilogram kg Amount of substance: mole




The International System of Units (SI)

» Example of derived quantities: S| unit for power (watt W) Is
1 watt =1 W = 1 kg m¥s> (kilogram-meter squared
per second cubic)

» Speed (velocity) v =distance / time = m/s

» Acceleration a = distance / time2 = m/s?



RNl  The standard of meter was defined

1. one ten-millionth of the distance from the north pole to the
equator

2.the distance between two fine lines near the ends of a
platinum-iridium bar (the standard meter bar)

3.1 650 763.73 wavelengths of an orange-red light emitted
by atoms of krypton-86

4.Length of the path traveled by light in a vacuum
during a time interval of 1/299 792 458 of a second



Standard of Time

1. Earth's rotation has been used

2. Atomic clocks were then developed

» A standard second based on the cesium clock is:

f "f"-“;: One secl:md is thﬂ turle [31{&11 h}f 9 192 631 ??l.'} DSEII]EI:IUIIS of the hght {Df a specl—
ﬁfu:l wavelength) EIﬂlttEd b}' a cesium- -133 atum nii

Because these atoms are very consistent



Standard of Mass

» The Sl standard of mass (kilogram) is a | e

platinum-iridium cylinder

Second Mass Standard

» The masses of atoms are measured by the mass of the
carbon-12 atom
» This atom has a mass of 12 atomic mass units (u)

» The relation between the two units Is

1 u=1.660538 86 X 10~*" kg,



Density p Is the mass per unit volume
pP=

» The units are kg/m3or gm/cm?
» The density of water (1.0 gm/cm?) is often used as a

comparison



Dimensional Analysis

» Dimension [ ] denotes the physical nature of a quantity.

» Whether a distance is measured in units of feet or meters,
It is still a distance.

» We say its dimension is length.

» The symbols of the dimensions of:

ength, mass, and time  are L,M,and T

» The dimensions of speed v are written




Examples  The dimensions of

> Area A . [A]=L2
> Acceleration:  [a]= VoIS _LTZ 1o
[Time] T
» Force F . [F] = acceleration x mass= [a] X [mass]
= MLT%= MLT=

» Pressure = (Force / area) = MLT?/ L?= ML1T

» Work = Force x displacement = LMLT?= ML?T-2

» Viscosity parameter = (F xr/Ax V)
= (Force x displacement / area x velocity)
= MLT?L / L2LT*= ML1T.



Units and Dimensions of Famous Quantities

Quantity Unit Dimension
MKS CGS
Length m cm L
Mass Kg Gm M
Time S s T
Area m?2 cm2 | 2
Volume m?3 cm3 L3
distance -1
(viroecei?y) time mys cm/s -
Acceleration speed _ 1 /s? cm/s? LT
time
Force mass X acceleration = mKg/s’| cmgm/s?|  MLT™
Pressure force _ mK9/S" _ yo/ms? gm/cms?| MLAT?
area m
Work force X displacement = m*Kg/s? | cm*gm/s’ ML=T=




Changing Units

» Units are changed by a method called chain-link
conversion
» We multiply the original measurement by a conversion

factor (ratio of units equal to unity)

Example 1 min and 60 s are identical time intervals

Thus, the ratios (1 min)/(60 s) and (60 s)/(1 min) can be used
as conversion factors



to convert 2 min to seconds




to convert 10 km/h to m/s

1000 m/h
1km/h

Lm/s = 100 m/s :@ m/s = 2.78 m/s
3600 m/h 36 36

10 km/h =10 km/h (

j =10000 m/h

=10000 m/h (

to convert 15 m/s to km/h

1km/s
1000 m/s

3600 km/h
1km/s

15m/s=15 m/s( j =0.015km/s

=0.015 km/s(

)z 54 km/h



Samples of Exam Questions



Q.1 10° milliseconds is equal to:

-

(A)10° s (B) 10° s (C)1s (D)10's (E}107's
Q.2 A cubic box with an edge of exactly 3 cm has a volume of. ( volume = ec:lg&3 ) , | E
(A)10°m® (B) 8x10° m’ (C) 2.7%10° m’ (D) 6.4%x10° m (E) 4x10° m’
Q.3The speed 1 in m/s of a car is given by v hr3 where the time t is in seconds.The unit of b is:
(A) m/s® (B) ms (C) m/s (D) m/s® (E) m/s”
1s
4
(1) 10* ms=10" ms =105
1000 ms

3
V =3x3x3=27cm = 27cm® | 1
10° cm

(2) =27x10° m®* =2.7x10° m®
m/s = unit(b) s unit(b) = m/s*
Using the dimensional analysis:

(3) MI=DIIE] = S =[b1T° =)=

T4

Then the unit of b is m/s*



2.1 The Sl unit of acceleration I1s:

(A) m/s® (B) s/m (C) kg m/s (D) m/s (E) kg

Q.2 A car is traveling at 15 m/s. The speed of this car is equivalent to: T
(A) 45 km/h (B) 20 km/h (C) 54 km/h (D) 11 km/h (E) 72 km/h
Q.3 A cube of edge 30.5 mm, its volume is:

(A) 2.84x10° m® (B) 2.84x10° m® (C) 2.84x10* m® (D) 28.4 m® (E) 2.84 m®
Q.11 A cube of edge 30.5 mm, its volume Is:

(A) 2.84x10° m® (B) 2.84x10° m® (C) 2.84x10* m® (D) 28.4 m® (E)2.84 m°
Q.1 A man of mass 50 kg. His weight is:

(A) 490 N (B) 50 N (C) zero (D) 98 N (E) 980 N

Q.2 1Newton is equivalent to:
(A) 9.8 kg.m/s? (B) 1 kg. m/s? (C) 1 kg of mass (D) 1 kg of force

Q.1 The Sl unit of velocity is:

(E) none of these

(A) m/s? (B) s/m (C) kg m/s (D) mis (E) kg

Q.2 A car is traveling at 20 m/s. The speed of this car is equivalent to:

(A) 40 km/h (B) 20 km/h (C) 10 km/h (D) 11 km/h (E) 72 km/h
Q.3 A cube of edge 47.5 mm, its volume is:

(A) 43 m® (B) 0.473 m® (C) 1.072x10*m*® (D) 47.3m° (E) 475 m®



Scientific notation (powers of 10) is used to express the very
large and very small quantities.

3560 000 000 m = 3.56 X 10° m In 3.56 E9

Prefixes for S| Units

Factor Prefix* Symbol Factor Prefix® Symbol

10%4 yotta- Y 10~ deci- d
10% zetta- Z 10-2 centi- c
10% exa- E 10-? milli- m
100 peta- p 10-6 micro- I
1017 tera- T 107 nano- n
10° giga- G 1012 pico- p
10° mega- M 1071 femto- f
10° kilo- k 101# atto- a
107 hecto- h 1074 zepto- z
10! deka- da 107% yocto- y




Chapter 2 Motion Along a Straight Line

2.2. Motion

2.3. Position and Displacement

2.4. Average Velocity and Average Speed
2.5. Instantaneous Velocity and Speed

2.6. Acceleration

2.7. Constant Acceleration: A Special Case
2.8. Another Look at Constant Acceleration
2.9. Free-Fall Acceleration



One-dimensional Coordinate System

Postiive direciion sl
L Negative direction

| | | | E-"".{”l‘:l
-4 =3 =2 - ¥ ] 2 &

Negatve coordinate | Posiove coordimate
values | values
Chrigine -

It consists of:
 the origin (or zero point),

e a coordinate axis: the direction along it is positive. The
other direction is negative



Scalars and Vectors

A scalar quantity can be described by its magnitude only
A Vector is described with both its magnitude and

direction.

A vector can be represented by an arrow:

direction

>
L— magnitude _>|




Position vector

Posiiion vector
~of magniide .5 m
| peHIiing in a negainve direciion

e
™

o’ "l 'l -_ .'II
-] 111 ) m | 1 2 1m

1

e Its magnitude is the distance between the object and the
origin.

e Its direction is positive when the object is in the positive
side of axis, and negative when the object is in the negative

side.



Displacement Vector

CQrigin
|'I |II:| {
| €F: i
| SO e
> ispl: it = |
X, Dizplacement = Ax
X2
N > _—
AX = X, - X4

It Is the change of the object’s position

It points from the initial position to the final position of the object
Its magnitude equals the distance between the two positions.
Sl Unit of Displacement: meter (m)



Average Velocity

displacement

Average velocity = elapsed time

* X, and x, are the position vectors at the final and initial

times
* Angle brackets denotes the average of a quantity.

« Sl Unit of Average Velocity: meter per second (m/s)



Example

Atx=2mwhent=4s,
Plotted here.

This is a graph
of position x -

versus time t )
for a moving
object.

It is at position x=-5m
when time t=0s,
That data is plotted here,

At x=0mwhen =23 s,
Plotted here.

Vi = (Xo - X)/(t; - 1) Vo = (X3 = X)/(t3— 1)
=(0-(-9)/(3-0)=53m/s  =@2-0)/(4-3)=2mls

V> = (v, + V)12 = (5/3 + 2)/2 mis



Average Speed

(53 total distatice
Af

[ defirution of average speed).

speed: the magnitude of velocity

Average speed is always positive
Average velocity could be negative, positive or zero

depending on the direction of the partial velocities



SAMPLE PROBLEM 2-1

One drives a beat-up pickup truck along a straight road for 8.4 km
at 70 km/h, at which point the truck runs out of gasoline and stops.
Over the next 30 min, he walks another 2.0 km farther along the
road to a gasoline station.

(a) What is the overall displacement from the beginning of his
drive to his arrival at the station?

X1

Calculation: E 8.4 km E 2 km

Ax=x, —x; =104 km — 0 = 10.4 km.

Thus, the overall displacement is 10.4 km in the positive direction

of the X axis.




(b) What is the time interval 4t from the beginning of his drive to his
arrival at the station?

: : : ﬁxdr
Calculation: We first write  Vyypdr =
Aty
Rearranging and substituting Al o Axg, _ 84km mgh
dl' — =

data then give us Vavgdr ~ 70km/h

So,  At=At Ay
=012h +050h =062h,

(d) What is the average speed v, from the beginning of his drive to his
arrival at the station? Find it both numerically and graphically.

oA 104km
e oAt 0.62h
= 16,8 km/h = 17 km/h,

Calculation: Here we find




SAMPLE PROBLEM 2-1

Driving ends, walking starts.

B ______________ |
12 | o
:' Station Slope of this
o et L
ﬁlﬂ Walklﬂg;aﬂ » : line gives
g 2 . S average
E ﬁ b T i velocity.
g Sk
Z = How far:
Aoy - T
I ] Ax =10.4 km
2 J I | | |
(I | {
oMt L 1 L. _Jd___ L1 { ig
0 0.2 4 .
Time (h)
INERAEE How long:
At =0.62 h

The average velocity is the slope of the straight line connecting
the origin to the final position



Instantaneous Velocity and Speed

. E_E{}_dxh
A0 At dt  dt.

 Itis the time derivative of the object's position.

e It is obtained at any instant from the average velocity by

shrinking the time interval At closer and closer to zero

* Instantaneous speed (speed) is the magnitude of the

Instantaneous velocity vector



Sample Problem m

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

x=78+92t — 2.1 (2-5)

with x in meters and ¢ in seconds. What is its velocity at
t = 3.5 s? Is the velocity constant, or is it continuously
changing?

dx (d
— = — (7.8 + 921t — 2.13).
dt dt ( )

which becomes
v=0+92-(3)21) =92 - 6.3~ (2-6)
Atr=335s5,
v=292—(6.3)(3.5° = —68 m/s. (Answer)



Definition of Acceleration

Change in velocity

Average acceleration= _
Elapsed time

— —

o _VL-V AV
(&)= t,—t, At

Sl Unit : meter per second squared (m/s?)

= If the signs of the velocity and acceleration of a particle
are the same. the speed of the particle increases. If the signs
are opposite, the speed decreases.



Instantaneous Acceleration

a = lim Av _ dv ( defirution of 1D instantaneous acceleration )
At A it

_dv d ,dx, d°X
A== ()=
dt dt dt° dt




| Sample Problem m Build your skill Positive direction s

. ot . ! .. \ it Negative direction
A particle’s position on the x axis of Fig. 2-1 is given by

x=4-=27t+ 1,

-1 3 =2 -1 (b 1 2 :

- - | . . -
Negatve coordinate | Posive coordinane

with x in meters and ¢ in seconds. vitlues values

Chrigin—
(a) Because position x depends on time ¢, the particle
must be moving. Find the particle’s velocity function
v(1) and acceleration function a(r).

Calculations: Differentiating the position function, we find
v = =27+ 3¢, (Answer)

with v in meters per second. Differentiating the velocity
function then gives us

a = +6t, (Answer)
with a in meters per second squared.

Calculation: Setting v(¢) = 0 yields
0=-27 + 33,
(b) Isthere ever atime whenv = 0?7  which has the solution

t= *3s. (Answer)



O W X2 2 - 1ile)all TYpical example, acceleration of a car
at a constant rate when a traffic light

turns from red to green

vV — 1 )
a=4a — -
E Slope =0
at = v— v, S
7 f
TP
V= vo + at (1) W

X = Xg + vavgt (2)




Constant Acceleration

X:x0+va

vgt  (2)

1
X = X +v0t+§at2 (5)

Missing
Equation Quantity
v=vﬂ—|—ﬂr1 X—Xx

X — Xo = vl + 2af? y

'P'Z == 1’% + ZH(I - I[].) [

X — xg = 5(vg + V)t a

X — Xp= Vi — %mﬂ Yy

X

: &
A{IL;
=
8 e
b= o
L
: S
= Ope Vvaries
4 . J-'l-'"_ﬂ P
:,l{-’ at
0

Equations for
motion with
constant
acceleration



SCH ECKPOINT 4

The following equations give the position x(¢) of a particle in four situations: (1) x =
3t —4;(2) x = —5 + 4%+ 6; (3) x =2t* = 4lt; (4) x = 51* = 3. To which of these

situations do the above equations apply”

2
(1)1?:%:3 a= %:U....cﬂnstant
2
(2) v= E =—15t2+8t a= $= —30t + 8 ....not constant
dE
(3) a= — = not constant
dE
(4)v=—=10t a= — =10....constant

dt?



The figure gives a particle's velocity v
versus its position as it moves along
an x axis with constant acceleration.
What is its velocity at position x = O?

v (m/s)

(pl—I

x ()

From the graph, We have: v = 0 and x = 70 m. then using

vi = vI + 2a(x — x,)
(0 m/s)? = (8 m/s)* + 2a(70 m — 20 m)

which gives us a = -0.64 m/s?

Also we have: v=8 m/s and x = 20 m,
(8 m/s)? = v§ + 2a(20 m — 0)

Then substituting for a and solving for vO results in

Vo = 0.5 m/s.



Free-Fall Acceleration

*its magnitude is g; it is Independent of the object's
characteristics, such as mass, density, or shape

e g varies slightly with latitude and with elevation; at the sea
level g=9.8 m/s? (or 32 ft/s?)

 The equations of motion for constant acceleration also apply
to free fall near Earth's surface either up or down

e The directions of motion are now along a vertical y axis: it is

+ve for upward motion and —ve for downward motion (a = - g)

o The free-fall acceleration near Earth's surface 1sa = —g = —9.8 m/s’, and the
nmgmmdf of the acceleration is g = 9.8 m/s%. Do not substitute —9.8 m/s* for g.



"CHECKPGINT 5

(a) If you toss a ball straight up, what is the sign of the ball’s displacement for the as-
cent, from the release point to the highest point? (b) What is it for the descent, from the
highest point back to the release point? (¢) What is the ball’s acceleration at its highest
point?

e T T

ses a baseball up along ay
axis, with an initial speed of 12 m/s.

(a) How long does the ball take to
reach its maximum height?

Calculation: Knowing v, a, and the initial
velocity Vo = 12 m/s, and seeking t, we
solve the equation

P:Fﬂ.‘l‘ﬂf

Sv—=vy o 0—=12mfs 1
T T T ogme P

e SR WA
: r 1T
sy =0at I :
- highest point !l[
: ; l
!
=k
b
By
|
N
i ’E —During
. h descent,
During ascent,~_; | ==&
I
w--g 11 | speed
speed decreases, : f mcreascs,
and velocity 1) and velocity
becomes less | becomes
~ positive '[‘t more
SRR by negative
|
'



(b) What is the ball's maximum height above its release point?

Calculation: We can take the ball's release point as y, = 0. Set
y-Y,=Yy and v = 0 (at the maximum height), and solve the equation
, V2 =vi 00— (12 m/s)

vi=wgt2ay  y=—o s (=98mis) oM

(C) How long does the ball take to reach a point 5.0 m above its
release point?

Calculation: We know y,, a=-g, and displacement y —y,=5.0 m,
and we want t, so we set y,=0 and use the equation

xmxﬂ:—vﬂrjr S at? > Y=V f"S"E
50m = (12 m/s)t — (5)(9.8 m/s?)¢?
—> 492 - 12t +50=10 > 1=053s and r=19s




A truck covers 40.0 m i 8.50 s while smoothly slowing
down to a final speed of 2.80 m/s. (a) Find 1ts orginal

speed. (b) Find its acceleration.

SOLUTION

(a) x—xﬂ:%(vﬁm

1 m
40 m = E(vﬂ + 2.:3?) (8.5 s) vy = 6.61 m/s

V—v, 2.8-6.61m/s

b) a= 8.5 s

= —0.448 m/s*



Samples of Exam Questions



Displacement

Q.14 | ne position ot a ball thrown vertically upward IS given by the equation y = 10.U+12.Ut- 5.00t° (S units),

the height at t=0 is:
(A) 15 m (B) 1 m (C)Sm (D) Zero (E) 10 m

ly=10+12t-5t> = y(t=0)=10m|




Average & instantaneous Velocity

Q.8 A bicycle travels 12 km in 90 min. lts average speed is:

(A) 48 km/h (B) 18 km/h (C) & km/h (D) 0.3 km/h (E) 36 km/h
t :90min:%:1.5h
60
AX 12
Vg = = =8km/h
At 1.5

—

Q.7 A bicycle travels 15 km in 30 min. Its averagé.épl—éed Is:
(A) 48 km/h (B) 18 km/h (C) 8 km/h (D) 0.3 km/h (E) 30 km/h

t:30min:@=0.5h
60

vy, =X =12 _30kmh
A 05




Average & instantaneous Velocity

¥
Q.6 A car moves along a straight line with velocity in m/s given by v=1~ +3 The velocity at t=0 is:
(A) zero (B) 4 m/s (C) 3m/s (D)2 m/s (E) 6 m/s

‘v:t2+3 = Vv({t=0)=3 m/s\

Q.13 A car moves along the x-axis with constant deceleration, the speed of the car is:
(A) Decreasinl; (B) Increasing (C) 9.8 m/s? (D) Zero (E) none of these

Q.12 An object falling toward the earth’s surface will have velocit ' itude is: (Ignore air resistance)
(A) Decreasing (B) Zero (C) 9.8 m/s?® (D) Increasing (E) none of these




Average & instantaneous Velocity

Q.8 The position of EII'I“E;hj_E-CI IS gi;en by x = 4t + 2t Its éveragé ueiﬁt:.'i'ti over the time interval from t = 0 to

t=4sis:
(A) 8 m/s (B) 10 m/s (C) 12 m/s

(D) 14 m/s

(E) 16 m/s

X(t = 4) = 4x4 + 2x4° = 48m

X(t=0)=0

_Ax_Xx(t=4)-x(t=0) 43-0

Vav _ T
At 4—0

4-0

=12m/s




Average & instantaneous Acceleration

Q.4 The instantaneous acceleration g Is given as:
- I Jll'_.
= @ 44z C) (‘ﬁ] (D) d—[“r J 3 ‘—[‘-1]
dt dr\ dt* ) dr=\ drt dr =\ dt dt \ dr |

(A)-9.8 m/s”

(B) zero (C) constant (D) 9.8 m/s”

Since the particle moves with constant velocity, its acceleration 1s zero

Q.5 A partn:ﬂe Is moving along the negative x-axis with constant velocity. The magnntude of its acceleration 1s.
(E) 980 cm/s’




Average & instantaneous Acceleration

¥
Q.6 A car moves along a straight line with velocity in m/s given by v=1~ +3 The velocity at t=0 is:

(A) zero (B) 4 m/s (C) 3m/s (D)2 m/s (E) 6 m/s
Q.7 Referring to question 6, the acceleration of the car att = 4s is: )
(A) B m/s’ (B) 8 m/s’ (C) 10 m/s” (D) 12m/s* (E) 4m/s*

dv
2
a:E:Zt = a(t=4)=2x4=8m/s




Average & instantaneous Acceleration

Q.9 A particie is moving along a straight line. At t=3s its velocity is 20 m/s and at t=8s its velocity is zero. The

average agceleration IS: , ,
(A) -6 m/s’ (B) -2 m/s* (C) -3 m/s® (D) -4m/s” (E) -5 m/s

AV V(t=8)-v(t=3) 0-20 -20
At 83 8-3 5

=-4m/s’

g




Constant Acceleration

Q.10 A car travels in a straight line with an initial velocity of 4 m/s and an acceleration of 2 m/s* . The distance

traveled in 4s is!
((A) 36 m (B) 40 m (C)24 m (D) 28 m (E) 32 m

V,=4m/s  a=2m/s’ t=4s  xX(?) = v(missed)

X— X, =v0t+%at2 = 4x4+%x2x42 =32m




Constant Acceleration

Q.11 A car, initially at rest, travels 32 m in 4 s along a straight line with constant acceleration. The

acceleration of the car is: i ) g "
(A) 4 m/s® (B) 5 m/s” (C) 6 m/s® (D) 2 m/s® (E) 3 m/s”

v, =0m/s a="? t=4s X-%,=32m = Vv(missed)

X—X0=Vot+£at2=0+1at2:1 2 a:2(x-2x0):2x32
2 2 2 t 4x4

= 4m/s’




Constant Acceleration

T ———

Q.12 What is the initial speed of a car moving a distance of 60 m n6s if the final speed was 15 m/s?

(A) 15 mls (B) 10 m/s (C)5 mis (D) zero (E) 20 m/s
V, =7 v=15m/s t=6s xXx,=60m = a(missed)
x—xO:%(v+vo)t = v+v0=2(xt_x")
= VO:Z(Xt—XO)_ 20 15-5mis




Constant Acceleration

Q.30 A car moving with constant acceleration covers the distance between two points 60 m apart in 4 seconds. If its
speed as it passes the second point is 20 m/s, its speed at the first point is:

(A) 20 mfs (B) 10 m/s (C) 5 mfs (D) 45 m/s (E) 30 m/s
V, =7 v=20m/s t=4s X-X,=60m = a(missed)
1 2(X—X,)

x—xO:E(v+v0)t = ViV ==
- vozz(xt_x‘))-v=¥-20:10m/s




Constant Acceleration

Q.7 A car uniformly changes its speed from 20 m/s to 5 m/s in 5 s. The distance moved in the third second is:

(A) 56 m (B) 46.5 m (C) 34 m (D) 12.5 m (E) 9.5 m
Mv,=20m/s v=5m/s t=55 xx(t=5s)=missed & a=7
v-v, 5-20
v=y,+at = v-y,=at = a=—=~ 2= =-3m/s’

t
(Q)v,=20m/s t=3s  x-x,(t=3s)="7 a=-3m/s’ v (missed)

X=X, = Vot + % at® = 20x3+ % X(-3)x3* =60-13.5=46.5m

Q.6 A car uniformly changes its speed from 20 m/s to 5 m/s in 5 s. The distance moved in the fourth second is:
(A) 56 m (B) 9.5 m (C)62.5m (D)3 m (E) 46.5m

@Mv,=20m/s v=5m/s  t=5s5 x-Xx(t=5s)=missed & a=7

a:v—vO:5—20
t

(2Q)v,=20m/s t=4s xx(t=4s)=? a=-3m/’ v (missed)

=-3m/s’

X-X, =Vt + % at® = 20x4+ % X(-3)x4° =80—-24=56m




Free fall acceleration

Q.6 An object thrown vertically upwards will have velocity that its

magnitude is: (Ignore air resistance)
(A) Zero (B) Increasing (C) Constant D) Decreasin (E) none of these
Q.10 At the earth’s s thrown straight up from a bridge would have an acceleration of magnitude:
(A) less than 9.8 m/s*[B) 8.8 m/s (C) more than 9.8 m/s*(D) Zero (E) none of these

Q.13 A baseball is thrown vertically up into the air. The acceleration of the ball at its highest point is:

(A) -19.6 m/s” (B) 19.6 m/s” (C) + 9.8 m/s* (D) - 9.8 m/s” (E) zero

‘The acceleration is a vector, then it is equal to -9.8 m/s?




Free fall acceleration

Q.14 An abject is thrown straight up from ground level with a speed of 30 m/s, Its height after 1.0 s is:
(A) 151 m (B) 5.1 m (C)45.1m (D)35.1m (E)25.1m

V,=30m/s g=98m/s® t=1s yy,=? = v(missed)

Y=Y, =Vt —%gt2 = 30x1—%x9.8x12 =30-4.9=25.1m




Free fall acceleration

Q.16 A stone dropped off a 75 m high building reaches the ground in:
(A)3.91s (B)2.86s (C)1.35s (D)5.53s (E)4.95s

vV, =0m/s(freedrop) g=9.8m/s’ t=? yy,=-75m = v(missed)

Z(y'yo )

Y=Yo =Vot—19t2 =0—19t2 :_%gtz = t°=-
9

. J 2y-Y,) \/ 2X(— 75) _201s

Q.17 Referring to question 16,the speed of the stone just before reaching the groundis: Morouj Q

(A) 54.2 m/s (B) 48.5 m/s (C) 38.3 m/s (D) 28 mis (E) zero

V,=0m/s g=98m/s° t=391ls yy,=-75m V="
V=V,+at=0-gt=-9.8x3.91=-38.8m/s = speed = 38.8m/s




Free fall acceleration

Q.9 A ball is thrown vertically upward at a speed of 21 m/s. It will reach its maximum height in:
(A) 1.8 s (B)2.1s (C) 0.60 s (D) 0.33s (E)1.28

V,=21m/s v=0m/s ¢g=98m/s® t=? y-y,(missed)
_Vy—v_ 21-0
g

v=Vv,-gt = gt=v,-v = t 2.1s

Q.12 A ball is thrown vertically upward from ground level to reach a maximum height of 98 m. The initial
speed is:
(A) 43.8 m/s (B) 100 m/s (C) 25 m/s (D) 31.3 m/s (E) 49 m/s

v=0m/s g=98m/is® v,=? yy,=98m t(missed)

vV =vi-29(y-vy,) = Vi=v*+2g(y-Y,)=0+2x9.8x98=1920.8
v =43.8sm/s




Free fall acceleration

Q.29 A boy shot a football vertically up with an initial speed v,. When the ball was 2 m above the ground, the

speed was 0.4 of the initial speed. The initial speed is :
(A) 6.8 m/s (B) 3.4 m/s (C) 11.8 m/s (D) 4.8 m/s (E) 19.6 m/s

v=0.4v, g=98m/s" Vv,=? Vyy,=2m t(missed)
VV=vi-29(y-vy,) = V.=V?+2g(y-Y,)=0.4x0.4v? + 2x9.8x2 = 0.16V +39.2)
V2=0.16V2+39.2 = v2-016v2 =392 = 0.84v%=39.2

2392
° 0.84

= vV=6.8m/s




3-2 | Vectors and Scalars \ o All paths correspond to
«"f the same displacement

A vector quantity has both a vector

magnitude and a direction / /;}.

Identical Lt
A
vectors (b)

3-3 | Adding Vectors Geometrically

Actual
path

Hﬂ,,fﬁ——To add &and b,
~, - drawthem

% bx head to tail.

\ PP ..
o e . — Net displacement
5\ § = q + b is the vector sum
This is the /h’%&
b

_|_

resulting vector,
from tail of & -
to head of b,

)
i

Vector sum

=1 'n'-:r'l

; a
Start 4 —— Finish
b

.
The vector sum ¥ is the vector that extends

from the tail of @ to the head of G \»/

=



PROPERTIES OF VECTOR ADDITION

i s T el .
ad+b=>b+d (commutative law) b

@+B)+C=d+ (B +7) (asoclativelaw
b+ (=b)=0.

) Note head-to-tail
K%‘" F arrangement for

addition




3-4 | Components of Vectors

* A component of a vector is the projection of the vector on an axis.

°The process of finding the components of a a vector is called
resolving the vector

*A component of a vector has the same direction (along an axis) as
the vector

W

|
|
|
|
|
|
|
|
|
ol

X
O

(a) (b)
The vector components can be found from the right triangle as

‘a,=acosf and a, = asin

: _ e
a="Val+a> and tan@=—-



Sample Problem m [

A small airplane leaves an airport on an overcast day 200}
and is later sighted 215 km away, in a direction making "
an angle of 22° east of due north. How far east and
north is the airplane from the airport when sighted?

Distance (km)
=
&

I
[
|
|
|
|
I
|
|
|
I
I
I

d, = dcos 8 = (215 km)(cos 68°) |
= 81 km (Answer) .,{_]ﬁ e '*-Jm—x

d, = dsin 6 = (215 km)(sin 68°) S
=199 km = 2.0 X 10? km. (Answer)

Thus, the airplane is 81 km east and 2.0 X 10 km north
of the airport.



leg opposite 8

sin @ =

hypotenuse -
common leg adj " H}-‘p-:ntenusq_:g__,,,;.,., -
. . _ K 2 R AEUNEIER D g site
trlgonometrlc cos 8 = hypotenuse XH opposite 0
fU nctions o leg opposite 0 Leg a{ﬁacérll o

leg adjacent to 6

3-5 | Unit Vectors

e They are equal 1 and points in a particular direction y

e The unit vectors in the positive directions of the x, y,
and z axes are labeled i, J, and k

* They are very useful for expressing other vectors

d=al+t ay]
i 2 2
| ; b = b+ by
IS S




3-6 | Adding Vectors by Components

Consider the statement

P=4d+b
re=da, + b,
Fy = dy + b}.
r,=a,+b,

This procedure applies also to vector subtractions




Sample Problem m

Figure 3-16a shows the following three vectors:
d = (42m)i — (1.5 m)j,

b = (—1.6m)i + (2.9 m)],

¢ = (-3.7m).

and

What is their vector sum ¥ which is also shown?

Calculations: For the x axis, we add the x components of
d, b, and ¢, to get the x component of the vector sum 7:
r,=a,+b, +c
=42m—-16m+0=26m.
Similarly, for the y axis,

AR s B

==15m+29m—-37m=—-2.3m.

7 = (2.6 m)i — (2.3 m)j, (Answer)

-

r=v(2.6m)> + (-2.3m)>~35m (Answer)

0 = tan‘l(%) = —41°, (Answer)

T




Multiplying Vectors

' Muttiplying a Vector by a Scalar

The Scalar Product I; dot pfuduct

| @+b = abcos ﬂ Scalar quantity .
il
where a is the magnitude of @, b is the magnitude of b %
i

¢ is the angle between
dand b

commutative law

S|

z.

-
d-b

|

When two vectors are in unit-vector notation, we write their dot product as
@-b=(ai+ay)+ak)-(bi+bj+bk),

=ab, +ab, +a,b,



W]iat is t.he. 'ﬁngle, q& betwﬂen- a =301 —— 40] iaﬁd“-g_"f:- ~2.01 + 3.0k?

Calculations

a=V30%+ (=402 =500 b= V(-20)2+3.0% =361

@-b=(3.00 — 4.0))+(—2.01 + 3.0k)
= (3.01) - (—2.01) + (3.01)- (3.0k)
+ (—4.0)) - (=2.01) + (—4.07)- (3.0k)
d-b=—(60)(1) + (9.0)(0) + (8.0)(0) — (12)(0)
= —6.0.

| a-b =&bcosf|

~6.0 = (5.00)(3.61) cos ¢

60
~(5.00)(3.61)

¢ = cos™! — 1@9?%_1:10"



The Vector Praduct‘ cross product

OThe vector product of @ and b, written @ X b, produces a third vector ¢ whose
magnitude is
‘r: = ab sin ¢>I

¥ If 4 and b are parallel or anupalallel dxb= D The magmtude of @ X b, whlch
can be wntten as Ia X b| is maximum when @ Emcl b are perpendlcular tl:'l each Dther

| b xd@=~(d xb)| Notcumulative

axb (1+aj+ﬂk)><(b1+b]+bk) K J k
. . = |a, il}, a,
daxXb = (a,b, — bJ.HE)l + (a,b, — b,a)j + (a.b, — byay)k b, b}r b,|
Product of unit vectors % = TX I _kxk=0
i xj=k jxk=i kxi =]
xi=-k kxj=- Txk=-]

[aixbi=ab(xD=0] |aixb,i=abxi)=abi




l'lghl-llﬂllﬂ rul The direction of € is perpendicular to the plane that contains @ and b

P

s
e e
o
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Sample Problem m

Ifd =231 —4)and b = =21 + 3k, what is © = @ x b?

Calculations: Here we write
¢ = (31 — 4j) x (21 + 3k)
=31 x (=21) + 31 x 3k + (—4)) x (-2i)
+ (—4j) x 3k.

¢ = —6(0) + 9(—]) + 8(—k) — 12i
= —121 — 9] — 8k. (Answer)



Samples of Exam Questions



Logic Questions

Q.21 The scalar product i- | is equal to:

(A) k

(B) 2i

(E) ij

Q.13 The result of E- ] is:

(A) i

(B) k

(C) ]

(D) Zero

(E) 1




Logic Questions

(A) ]

(B) —1

Q.27 The vector product | x| is equal to:

c) k




Logic Questions

Q.28 The value of | - (k X ]} is:

-

(A) ] (B) zero C) k (D) -1 (E) 1

Q.15 The result of (1 xk)-j is: |
(A) | (B) 1 (C) ] (D) -1 (E) Zero

A E

Q.20 The result of (k X i)*] is:
(A) i (B) 1 (C) ] (D) k (E) Zero

Q.15 The result of (k X J):.-: i is:
(A) | (B) 1 (C) Zero (D) k (E) |




Logic Questions

Q.15 The result of (TK J)H? is:

(A) 1 (B) 1 (D) k (E) ]

Q.26 If A+B =0 the angle between the vectors Aand B is: (Hint: Aand B are non-zero vectors)
(A) 180° (B) Zero (C) 80° (D) 315° (E) 45°

If scalar product is zero, the vectors are perpendicular
(el=ia) and the angle between them is 90°

{' } - rﬁ, — 13[]- (= b’E ween he Ve ors AEH[[ 5! \ou d be: Hint: AE!I':]- B are i
AY 3 5 : : = :IISI] t t Ct rEl'U B | {l ]n‘:, ‘13:(]:! {E] L

Q.26 If «B=0, thE[ }Q | ) 90°

{ ) 1 = R P IR, TS R ':'l'l- 1'5'.

If cross product is zero, the vectors are parallel (ox)) si)
and the angle between them is zero



Vector Components

Q.18 A vector A has x-component of 10 m and y-component of 15 m. The magnitude of this vector is:
(A) 14.14 m (B) 18 m (C)22.36 m (D) 35.12 m (E)11.18 m

A=10m A =15m

A=A+ A =100+ 225 = /325 =18.02~18

Q.28 The components of vector Aare given as A,=5.5 m and A,=-5.3 m. The magnitude of vector A is:
(A)9.2m (B) 8.4 m (C)6.9m (D) 6.1 m (E)7.6 m

A =55m A =-53m
A= [A?+ A2 =/(5.5)? +(-5.3)? =+/30.25+ 28.09 = /58.34 = 7.64~ 7.6




Vector Components

Q.19 A vector has a magnitude of 14 units makes an angle of 30° with the x axis. Its y'compcneni 'r_s:
A) 8 units (B) 9 units (C) 5 units (D) 6 units (E) 7 units

A=14units 6=30°

A = Asing =14xsin30° :14x%: 7 unit

()



Vector Components

Q.24 If the magnitude of a vector is 18m and its x-component of 10m. The angle it makes with the positive
X-axis is:
(A) 48.2° (B) 63.4° (C) 66.4° (D) 60° (E) 56.25°

A=18m A =10m

= Acosfd = Cosl = A — @=cos* A cos™ 103 _ cos *(0.555) = 56.25°
A A 18




Vector Addition

Q.20 As shown in the figure , if the magnitudes of A and B are 10 units

and 15 units respectively then the x-component of the resultant of 4 and Bis

B+ X
60°

A

(A) -10 units (B) -15 units (C) -20units (D) zero (E) -5 units

A=10units B=15units
A+B=|(A, + BX)FJr(Ay JrBy)]Jr(AZ +B, )k

A, = A cosh =10xcos(60) = 10x% =5 units

B,=-15units = A, +B,=5-15=-10units




Vector Addition

Q.22 if f&:-li—{uj then the vector Y A is
A) 2i-] (B) 2i-5) (C 2i—4] (D) 2i-3j (E) 2i-2]

|A=4i-6) =—====> 1 A =2i-3j]




Vector Addition

Q.23 Two vectors are given as A = 2i - 2] +4k and B=-i+ q +4k . The result of

(A) S5i-3]

(B) 4i-3] (©) 3i-3] (D) 2i-3]
A =2 A -2 A, =4
B,=-1 B,=1 B,=4

/-\

(

3i

B)i+(A,-B,)j+(A,-B,)k
( 1))| +(-2-2)j+(4-4)k
-3j

A-B is

(E) i-3]



Vector Addition
Q.22 Given A=2i+]+3k ,B=2i-6j+7k, C=2i-|+4k. Then the vector D=2A+B-Cis:
(A) -1-2]+3k (B) 3i+2j-5k (C) 3.5] (D) 4i-3]+9k (E) i+2]-5k
A,=2 A,=1 A,=3
B,=2 B,=-6 B,=7
C,=2 C,=-1 C,=4

—_ —_

D=2A+B-C=(2A,+B,-C,)i+(2A,+B,-C,Jj+(2A,+B,-C, )k
= (2x2+2-2)i +(2x1-6—(-1))j + (2x3+ 7-4)k
=(4+2-2)i +(2-6+1)j+(6+7-4)k
= 4i —3j+9k

Q.19 Refer to question (18) the angle between the vector A and the positive z-axis is:
(A) 36.7° (B) Zero (C) 180° (D) 315° (E) 90°



Vector Addition

Q.19 In figure, if A+B-C= 4? then the vector A in unit vector notation is:

A)4i+2] @ 9i+4] (C)8i+6] D) 5i-4] (E) 4i

|E!=6m

Py

A

*'E|=4m
B,=-4m B, =0
C,=0 C,=6m
A+B-C=4i =A=4i-(B-C)
B-C=(B,-C,)i +(B,-C, )j = (- 4-0)i +(0-6)] =—4i —6]
A =4i —(B-C)=4i —(~ 47 - 6])=4i + 4i +6] =8i +6]

o

'R



Scalar Product

Q.25 If the magnitude of two vectors are 10 units and 20 units and the angle between them is 60° then their
scalar product is:
(a) 100 (B) 125 (C) zero (D) 25 (E) 75

A =10units B=20units ¢ =60

A ¢ B = ABcosp = 10x20xcos60° = 200x% =100

Q.26 Two vectors are given as A =5j+4k and B=-i+ ], their scalar product A- B is:
(A) 4 (B) 5 (C) 6 (D)7 (E)3

AB=AB+ A;B; + A.B, = 0x(-1) + 5x1 + 4x0 =5 units



Scalar Product

Y
"

Q.26 Two vectors are given as A :5] +~HT; and B =- ;+ ] , their scalar product A-Bis
(A) 4 (B) 5 (C) 6 (D) 7 tE)3
A,=0 A,/=5 A,=4
B,=-1 B,=1 B,=0

. —_

AeB=A B, +A B, +A,B, =0x(-1)+5x1+4x0=0+5+0=5




Scalar Product

5=27-3]+4E, Then (ﬁ-ﬁ) is:

Q.24 Given a=i+2j+3k |,

(A) 3i+4]-5k (B) 40 (C) 8 (D) i+j-5k  (E)i+2]
A,=1 A =2 A, =3
B,=2 B,=-3 B,=4
AeB=AB +A B, +A,B,=1x2+2x(-3)+3x4=2-6+12=8




Scalar Product

(A) 14.5° , (5aD) is:
- = T hen dae ' ~
— . b d b =2i-3]+4k U T (E) 60
o B = +2]+3k an D) 1+2]-5K
Q_Zd?l‘i; 5ik (B) 40 (C)8 i -
A) 31 +4]- Gand d is:
[ ) ——— _~ % _ i +h~n the anale between vector C g d._.xlli
AX :1 Ay :2 AZ :3
B,=2 B,=-3 B,=4

S5AeB=5A B, +9A B, +5A B, = 5XIX2 + 5x2X(-3) + 9x3x4 =10-30+ 60 = 40|




Scalar Product

Q.25 Given ¢=i+2j+3k and d=2i-j+4k thenthe angle between vector ¢and d is:

(A) 45.6°

(B) 15° (C) 120° (D) 90°

T Ced 1 Ced
Ced=cdcosp = cosp= = @ =CO0S r
C

d,=2 d,=-1 d,=4

c=,c2+c2+c? =41+4+9=+14
d:\/d§+d§+d§:J4+1+16:ﬁ

ced=c,d, +c,d, +c,d, =1x2+2x(-1) + 3x4=2-2+12=12

-1

Q= Cosl( 12 j = COS (12] = cos‘l(ﬁj =45.6°
J144/21 294 17.15

(E)Zero



Vector Product

Q.30 If the angle between A and B is 30°, and A = 5 units, B = 10 units, then the magnitude

of the vector product AxB is:
(A) 25 (B) 20 (C) 15 (D) 30 (E) 35

A =5units B=10units ¢ =230°

‘A X é‘ = ABsing = 5x10xsin30° = 50x% =25 unit®




Vector Product

Q.21 If A and B are vectors with magnitudes 5 and 4, respectively, and the magnitude of their cross

product is 17.32, then the angle between A and B is:
(A) 90° (B) 60° (C) 45° (D) 180° (E) 30°

A =5units B =4 units ‘Axé‘:17.32

L AxB
‘AXB‘:ABSingo = singo:‘ ‘ _Lrs2_1rsz go—sm‘117 32 _ 600
AB X4 20 20

and 4. respectively, and the magnitude of their cross

Q.21 If A and B are vectors with magnitudes 5

B is: ’
prUdUGt is 10, then the aﬂgie between A and {D} 180° (E) 30

(A) 90° B)eY s 1 -

— =
— F i e




Vector Product

Q.29 Two veclors A= 3? + Gi and B=- ﬁi their vector product AxB is
(A) 48k (B) 30k (C) 36k (D) 42k (E) 48Kk

AxB = Ax B=|8 = 0i+ 0+ (8x0- 6x(- 6))k= 36k

= O =~
o D S




Vector Product

Q.27 Giventhat a=i+2j+3k and b=2i-]+4k then axb is:

(A) 111 + 2] - 5k (B) -1-2j+3k (C) 3.5i (D) 4 (E) i+2]-5k
a=1 a,=2 a, =3
b,=2 b,=-1 b,=4
i j k
axb=[1 2 3/=i(2x4-3x(-1))- j(1x4-3x2)+ k(1x(-1)- 2x2)|
2 -1 4
=i(8+3)-j(4-6)+k(-1-4)=11 +2j -5k




Motion In two and three dimensions

Position vector

~

=X +Vj+ 2K

Example:

7=(=3m)i+ (2m) + (5m)k

fy=2z=0 = F=xi
position in onedimension

(5 m)k

7 (2 m)]

(=3 m }i

-

0




Displacement vector

If the object is displaced from position r, to r,
AT =T, —1,

— (Xz o Xl)r + (yz o yl)T + (Zz o Zl)l2
= AXi +Ayj + Azk

Sample Problem m

In Fig. 4-2, the position vector for a particle initially is
7, =(-3.0m)i + (2.0m)] + (5.0m)k

Initial

and then later is position-
7, = (9.0m)i + (2.0 m)j + (8.0 m)k.

What is the particle’s displacement A7 from 7, to 7,?

A? = ?2 - ?1
= [9.0 — (=3.0)]i + [2.0 — 2.0]] + [8.0 — 5.0]k
= (12m)i + (3.0 m)k. (Answer)

- {-'.-
S~ Later
40 position




Displacement

l. Aparticle goes fromx=-2m,y=3m,z=1mtox=3m,y=—1m, z=4 m. Its
cli*-,[:nlm.:.lm nt 1s:

a) (1 mjr +(2 m};+["r m)A

h){‘i 111}:—{4 m};+{% m}A

C) —(5 m)i + (4 m);—{’% m}A

d) (5 m)i —(2 m};—(’% m)A

AF =F,—F,
= (Xz o )(1)r+(y2 o yl)T+(ZZ o Zi)lz
= (Bm—(-2m))i +(-=1Im—-3m)j+(4m-1m)k =5mi —-4m j+3mKk




Q.3 A particle moving from 7, =2i+5]+8k to 7, =12i +10j +8k then the displacement is:
(A) 10i - 3] (B) 4] +6k (C) 10i+5] (D) 5] (E) 8

AF =T, —T,
— Xl)l +(y2 3/1)?"'(22_21)'2
=(2 2)i +(10-5)j +(8—8)k =10i +5j + 0k =10i +5j

5.3 A particle moving from T, = 27+ 5}- 12k o b= 2i+ 5] -8k then the displacement is:
(A) 101 - 3j (B) 4] +6k (C) 101 +5] (D) 5j (E) 4k

r,—T,
( Xl)""(yz yl)T+(ZZ_Z:L)I2
(2-2)i +(5-5)j +(-8—(—12) )k = 0i + 0j + 4k = 4k

AF =



Average Velocity

__ displacement Ar
Interval time At

avg

—~

V J +vavg(z)k

avg(y)

=V, +V, ] +V,K



Average acceleration

_ changein veleocity AV

interval time At

Av, -~ AV, AV, -~

At At
= Ayl + gy |+ By K

Instantaneous acceleration

av
dt

av, - dv, - L av, ¢ d®x -
| K =

a=

=—= | +
dt dt dt dt? dt?
=ai +a,j+ak




Sample Problem %3

A rabbit runs across a parking lot on which a set of

r(t

oordinate axes has, strangely enough, been drawn. The
oordinates (meters) of the rabbit’s position as func-

ions of time f (seconds) are given by
x = —0.31¢% + 7.2t + 28 (4-5)
nd y = 0.22¢?> — 9.1¢ + 30. (4-6)

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

=X +Yj
~0.31t% + 7.2t - 28) +(0.22t2 - 9.1t + 30)]

~15s)= ( 0.31x15 + 7.2x15— 28 +(0.22x15? - 9.1x15+ 30)j
(66m)i +(-57m)j

r=/X%+y? =4/66% +(-57)> =87 m

0=tantY = tant —2~ mall = -41°
X 66



‘(b) Find the velocity of the rabbit at the instant t=15 s?

—~ —
- -

V=V, +V,]

X

dx d
V, =

dt dt
v (t =15s)=—-0.62x15+7.2=-2.1m/s

—(~0.31t? + 7.2t + 28)= —0.62t + 7.2

y dy d
Y odt dt
v, (t =15s)=0.44x15—-9.1= —2.5m/s

—(0.22t2 —9.1t + 30)= 0.44t —9.1

v = (-21 m/s)i + (—2.5m/s)], (Answer)

=(—=2.1m)i +(—2.1m)j



_Sample Problem m

For the rabbit in Sample Problems 4-2 and 4-3, find the
acceleration a at time ¢ = 15s.

dv d
— 2 = —0.62t + 7.2) = —0.62 m /s>
“x di dt ( ) e
dvy d
- — )44t — 9.1) = 0.44 m/s>.
YT e dt([ i

@ = (—0.62m/s?)1 + (0.44 m/s?)j, (Answer)

a = a2 + a2 = \(—0.62 m/s?)* + (0.44 m/s?)?

= (.76 m/s°. (Answer)
a 0.44 m/s* )
— -1 _r — —1 — o
6 = tan Z tan ( T 0.60 /s 55

—35% + 180° = 145°. (Answer)




*1 A positron undergoes a dlSp]HELH’]L]‘It A7 =201 —
3 D] + 6.0k, ending with the position vector 7 = 3. D] — 4.0k,
in meters, What was the Pﬂﬂltmn s initial pcrsrtmn vector?

1. The initial position vector 7 satisfies # — 7 = A7, which results in

7 =F—AF=(3.0j— 4.00m- (2.0i - 3.0j+ 6.0K)m = (—2.0 m)i+ (6.0 m) j + (~10 m)k .



ave

5 An 1on’s pusllmn vector is initially 7 = 5. 0i — 6.0] +
2.0k, and 10 s lateritis 7 = —2.0i + 8. []'] — 2. Dk all in meters.
In unit-vector notation, what is its V,,,, during the 10 s?

(—2.0i+ 8.0] — 2.0k) m — (5.0i — 6.0j+ 2.0k) m

= (=0.70i+1.40j — 0.40k) m/s.
10s



*11 A particle moves so that its position (in meters) as
a function of time (in seconds) is ¥ =1 + 4t + rk. Write
expressions for (a) its velocity and (b) its acceleration as func-
tions of time. ssm

(a) Taking the derivative of the position vector with respect to time, we have, in SI units
(m/s),
7= %(h«:tﬁj +tk)=8tj+k.

(b) Taking another derivative with respect to time leads to, in SI units (mx’sz),

d ~ ~ ~
i=— (871+k)=87.
dr(J )=18]



Velocity & Acceleration

' e .
Q.10 A particle moves in xy plane as x(t)= 2t (m) and y(t)=t>-1 (m). The velocity of the particle at t=1 s is:

(A) i+j(m/s) (B) 2i+](m/s) (C) 2i+2j(mis) (D) 2i-j(m/s) (E) 10 (m/s)
V=V, +V, ]
dx d
vV, =—=2m/s vX=—y=2t m/s
dt dt

vV (t=1s)=2m/s v, (t=1s)=2m/s
V=2i +2j (m/s)

Q.10 A particle moves in xy plane as x(t)= 2t (m) and y(t)=t>-1 (m). The velocity of the particle at t=2 s is:

(A) 21+ 4] (m/s) (B) 2i+](m/s) (C) 2i+2j(mf(s) (D) 2i-7(m/s) (E) 10 (m/s)
dx d
vV, =—=2m/s vX=—y=2t m/s
dt dt

vV, (t=2s)=2m/s vV, (t=2s)=4m/s
V=2i +4j (m/s)



Sample Problem m

A particle with velocity v, = —2.01 + 4.0] (in meters
per second) at 1 = 0 undergoes a constant acceleration a
of magnitude a = 3.0 m/s* at an angle 6 = 130° from the

positive direction of the x axis. What is the particle’s
velocity vVatt = 5.0 s?

In these equations, vy, (= —2.0 m/s) and v, (= 4.0 m/s)

a, = acos 0 = (3.0 m/s?*)(cos 130°) = —1.93 m/s*,
a, = asin 6 = (3.0 m/s?)(sin 130°) = +2.30 m/s".

V=V, +al

v, = —2.0m/s + (—=1.93 m/s?)(5.0 s) = —11.65 m/s,
v, = 40m/s + (230 m/s?)(5.0's) = 15.50 m/s.

V= (—12m/s)i + (16 m/s)].  (Answer)
v = \v2 -T-E = 19.4 = 19m/s (Answer)

6 =tan~1 2 =127°~130°. (Answer)
Vy



Constant Acceleration

WPJ t=0. a car moves with velocity v, = 2i + ] (m/s)and acceleration a = 2] (m/s? ). The velocity of the car
att=2 s is:
(A) 6i+] (B) 2i+5] (C) 2i4] (D) 1+5] (E) 1

Vo=2i+] a=2j m/ls t=2s
Vor =2 Vo, =1 a,=0 a, =2

V, =V, +at=2+0x2=2 V, =V, +a,t=1+2x2=05

V=Vl +Vy, ] =21 +5]




Projectile Motion

The projectile is launched at initial velocity
Vo =Voud +Vp, J

V,, =V, COSH, Vo, =V, SING,

The Horizontal Motion

X — Xg— Vﬂ_rr.

Because there 1s no acceleration n the horizontal direction

X-X, =V, t+ % at’

X-Xo = Vot = (V, c0S6, |

)




Projectile Motion

The Vertical Motion
Y-Yo = Vo, t —% gt® =v,sing,t —%gt2

vy =V, sing, - ot

(v,sind, )" —2gt(v,sing, )+ g°t? = (v, sing, )" - Zg(t(vosineo)—% gtzj

2
Vy

(VOSinQO)2 o Zg(y_ yO)

Equation of path (trajectory)

2

gx
=(tané, Jx—
y ( x) 2(vocosHO)2 Converted parabola




The Horizontal Range
. 1

X-X, = (V, COSO, )t Y-Y =V, SN Gyt - gt’

put x-X; =R put y-y, =R

R = (vy cos f)t I

and 0 = (v, sin )t — 3gt>

Eliminating ¢ between these two equations yields

NI RAAT ORI \"l,.'"

SRS A A
PAV:
R = —sin 6, cos 6,.
8
Using the identity sin 26, = 2 sin 6, cos 6, (see Appendix E), we obtain
2
Vo .
R = —sin 20,
5

| The horizontal range R is maximum for a launch angle of 45°.



Sample Problem [/

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

(a) At what angle 6, from the horizontal must a ball be

fired to hit the ship? ;

. . R
(R = (v¥g)sin26,)  sin2g, =2
VO
1. gR 1 . (98m/s*)(560 m)
L T T R (82 m/s)?
= % sin~10.816. (4-31)
(b) What is the maximum range of the cannonballs’

Vg (82 m/s)?
R = . sin 26, = 08 m /s

= 686 m = 690 m. (Answer)

sin (2 X 45°)




Exercise

*26 1In Fig, 4-36, a stone is projected at a cliff of height A
with an initial speed of 42.0 m/s directed at angle 6, = 60.0°
above the horzontal. The stone strikes at A, 5.50s after
launching, Find (a) the height £ of the cliff, (b) the speed of the
stone ust before impact at A, and (c) the maximum height H
reached above the ground.

(a) h=yy,=Vv,sng,t —% gt’ = 42xs n60x5.5—%x9.8x(5.5)2 =**m

(b) v, =v,cos6, v, =V,sSing, —gt

v=1/(vy cosd, ) + (v, sin@, — gt =/(42c0s60) +(425in60 - 9.8x5.5)° = 27 ms

(0 v,=0 y-y,=H
Viz(voSin‘go)z_zg(y_yo) — O=(V08in90)2—2gH
(v,sing,)*  (42xsin60)°

H = = =67.5m
29 2x9.8




Exercise

*21 A projectile is fired I'u:zrr13::11'11:.5111},,F from a gun that 18
45.0 m above flat ground, emerging from the gun with a speed
of 250 m/s. (a) How long does the projectile remain in the air?
(b) At what horizontal distance from the firing point does it
strike the ground? (c) What is the magnitude of the vertical
component of its velocity as it strikes the ground?

0,=0 motionisdownward[-(y-Y,) =

a / /
() y—y():vosinﬁot—%gt2 = - :——gt — 2X45 =3.03s

(b) XX, =Vt =250x3.03= 758 m

(€) v,=v,sng,-gt=-gt = |v,|=0gt=9.8x3.03=29.7m/s



=27 A certain airplane has a
speed of 2900 km/h and is
diving at an angle of 8 = 30.0°
below the horizontal when
the pilot releases a radar de-
coy (Fig. 4-37). The horizontal
distance between the release
point and the point where the
decoy strikes the ground is d =
700 m. (a) How long is the de-
coyv in the air? (b) How high
was the release point? 1ww

(a) vO=290km/h=290km/h =80.6 m/s
18 km/h

AX 700 _1
Vv, cosd, 80.6cos(—30)

(b) y—yO:vosiné?ot—%gt2 = —hzvosinélot—%gt2

0s

AX= X%, =(v,co86,t = t=

—h=-80.6xsin(-30)x10— % x9.8x10° = h=897m



Projectile

Q.5 A boy kicks a ball at an angle of 40° to the horizontal with a speed of 14.0 m/s. The time it takes to react
the highest point is:
(A) 0.92 s (B) 0.77 s (C)0.15s (D)1.12s (E)0.38 s

0, =40° vy=14m/s v =0

vV, =V,Singy,—gt = 0=v,sing, gt

_V,Sing, 14sin40
g 9.8

= t =0.92s




= —
Q.6 Referring to question 5, the maximum height that the ball can reach is:

(A) 9.87 m (B)4.13m (C) 15.33 m (D) 12.68 m (E) 14.0 m
Vy — O y- yO = H
V>2/ - (VO Sineo)2 - 29(y— yo) = 0= (Vo Siné’o)2 —2gH
b _(wsing)”  (14xsind0)" _ (14x0.643° .
29 2x9.8 2x9.8
IQ.? Referring to question 5, the horizontal range that the ball can reach is:
(A) 9.87 m (B) 14.7 m (C) 15.33 m (D) 12.68 m (E) 19.7 m
VA 14x14 .
R=-2sn26, = X14sm2x40:@sin80:19.7m
g 8 0.8



Q.5 A boy kicks a ball at an angle of 30° to the horizontal with a speed of 14.0 m/s. The time it takes to reach
the highest point is:

(A) 0.92 s (B) 0.71s (C)0.15 s (D) 1.12 s (E) 0.38 s

Q.6 Referring to question 5, the maximum height that the ball can reach is:
(A) 9.87 m (B) 4.13 m (&) 15.33'm (D) 12.68 m (E) 2.5 m

Q.7 Referring to question 5, the horizontal range that the ball can reach Is:
A) 17 .32 m {(B) 19.7 m (C) 15.33m (D) 12.68 m (E) 14.0 m

D 6,=30" v,=14m/s v, =0
v,sind, 14sin30

V, =V,Sing,—gt = 0=V,sing,—gt = t=-2 ; 2 = 58 =0.71s
. 2 . 2
2 H:(vosmeg) _ (14xsin30) CoEm
29 2X9.8
VA 14x14 196

(3) R R=Yog Sin26, = n2x30=—"-sin60=17.32m
g 9.8



Q.5 A boy kicks a ball at an angle of 35° to the horizontal with a speed of 14.0 m/s. The time it takes to reach
the highest point is:
(A) 0.92 s (B) 0.71s (C)0.15 s (D) 0.82 s (E) 0.38 s

Q.6 Referring to question 5, the maximum height that the ball can reach Is:
(A) 9.87 m (B) 4.13.m (C) 3.29 m (D) 12.68 m (E)2.5m

Q.7 Referring to question 5, the horizontal range that the ball can reach is:
(A) 17.32 m (B) 18.79 m (C) 15.33 m (D) 12.68 m (E) 14.0 m

(1) 6,=35" v,=14m/s v, =0

V, =V,Sing,—gt = 0=V sing,-gt = t:vosn(90214sm35:0.823

g 0.8
2 H:(vosmé’o) :(14xsm35) _29m
29 2x9.8
(3 R Vo g0 _ 14X14 196
=—3 0~

N2x35=——9n70=18.79m
9.8



Q.11 A projecitile is launched te achieve a maximum range of 140 m, the speed of the projectile must be:

(A) 17 m/s (B) 27 m/s (C) 45 m/s (D) 37.m/s (E) 10 m/s
VA V2
__0g
R_Esm2¢90 = R__ :50 = JoR__ =+/9.8x140 = 37 m/s

Q.11 A projectile is launched to achieve a maximum range of 100 m, the speed of the projectile must be:
(A) 17 m/s (B) 31.3 m/s (C) 37 m/s (D) 45 m/s (E) 10 m/s

V2
R=-2sn2, = R__ =

2
: 50 = \JOR . =+/9.8x100 =31.3m/s



Q.11 A projectile is launched to achieve a maximum range of 150 m, the speed of the projectile must be:

(A) 17 m/s (B) 27 m/s (C) 37 m/s (D) 38.34 m/s (E) 10 mfs
VA V2
R= Ean 20, = R_ = EO = JoR. . =+/9.8x150 = 38.34 m/s

Q.11 A projectile is launched to achieve a maximum range of 120 m, the speed of the projectile must be:
(A) 17.mls (B) 31.3 m/s (C) 37 m/s (D) 45 m/s (E) 34.29 m/s

VA V2
R=-"2sn20, = Rmaxz—o
g g

= JoR._ =+/9.8x120 = 34.29 m/s



Uniform Circular Motion

2
V -
ma=m Centripetal
r force

2

I

Y, . .
a=— :centripeta acceleration

<|

5 \ -
v Ha
X

force & acceleration are perpendicular to velocity

to the center

Rotation period T = 2
V

Angular vdocity w = %r—ﬂ =

Vv

I

tangent



Circular Motion

Q.15 The velocity and acceleration of a body in a uniform circular motion are:

(A) differed by 45° (B) perpendicular (C) differed by 135° (D) parallel (E) none of these
Q.24 A car rounds a 20 m radius curve at 10 m/s. The magnitude of its acceleration is:
(A) Zero (B) 5 m/s® (C) 2 m/s* (D) 4 m/s’ (E) 6 m/s’
2 2
ve 10
a=—=—-=5m/s’

r



2. A projectile is fired over level ground with an initial velocity that has a vertical component
of 20 m/s and a horizontal component of 30 m/s. The distance from launching to landing
points 1s:

a) 40 m

b) 60 m

¢) 80 m

d) 122.5 m




°6 An electron’s position is given by 7 = 3.00r1 —
4.00t% + 2.00k, with ¢ in seconds and 7 in meters. (a) In unit-
vector notation, what is the electron’s velocity v(r)? At ¢ =
2.00 s, what is v (b) in unit-vector notation and as (¢) a magni-

tude and (d) an angle relative to the positive direction of the x
axis?

6. To emphasize the fact that the velocity is a function of time, we adopt the notation v(#)
for o/ dr.

(a) Eq. 4-10 leads to

&

v(#) = — (3.00f1 —4.00¢2] + 2.00Kk) = (3.00 m/s)1 —(8.00¢# m/s) j

(b) Evaluating this result at t = 2.00 s produces ¥ = (3.0()} — 16.0}) m/s.

{c) The speedat = 2.00 sis ¥ =|ﬁ7|=4(3.00 ms) +({—16.0 nvs) =16.3 mv's.

(d) The angle of ¥ at that moment is

tan ! [_31 g;}ﬂnﬁm] — _79.4° or 101°
. =



*#17 A particle leaves the origin with an initial velocity v =
(3_{}{}}:) m/s and a constant acceleration @ = (—1.00i —
0.500j) m/s2. When it reaches its maximum x coordinate, what
are 1ts (a) velocity and (b) position vector?  ssm iLw

(a) The velocity of the particle at any time ¢ is given by v =+, + dt, where ¥, is the
initial velocity and @ 1s the (constant) acceleration. The x component is v, = vy, + G =
3.00 — 1.00¢, and the y component 1s

"I{],:' — VI:IF + {ny — —050ﬂf

since vy = 0. When the particle reaches its maximum x coordinate at ¢ = #,,, we must have
v, = 0. Therefore, 3.00 — 1.004,, =0 or #, = 3.00 s. The y component of the velocity at this
time 1%

v, = 0—0.500(3.00) = -1.50 m/s;

this 1s the only nonzero component of ¥ at #,,.

(b) Since it started at the origin, the coordinates of the particle at any time ¢ are given by
F=vt+1tat’. Att=t,thisbecomes

~ ~ 1 ~ ~ ~ -
7= (3.001)(3.00) 4 E(—1.1001 _ 0.5«351)(3.0@)2 — (4.50i — 2.25 ) m.



Newton’s First Law

Newton’s First Law: If no force acts on a body, the body’s velocity cannot change;
that is, the body cannot accelerate.

In other words, if the body is at rest, it stays at rest. If it is moving, it continues to
move with the same velocity (same magnitude and same direction).

FiG. 51 A force F on the standard
kilogram gives that body an accelera-
tion d.

Newton’s First Law: If no net force acts on a body (F,., = 0), the body’s velocity
cannot change; that is, the body cannot accelerate.



Newton’s Second Law

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

In equation form,

—2

Fo.—ma (Newton'’s second law). (5-1)

Like other vector equations, Eq. 5-1 is equivalent to three component equa-
tions, one for each axis of an xyz coordinate system:

Pt » = ma,, Fnclg}, = ma,, and F,., = ma,. (5-2)

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

For SI units, Eq. 5-1 tells us that
I N = (1kg)(1 m/s?) =1 kg-m/s?, (5-3)



Sample Problem

Figures 5-3a to ¢ show three situations in which one or A | B C
two forces act on a puck that moves over frictionless ice |
along an x axis, in one-dimensional motion. The puck’s
mass is m = 0.20 kg. Forces F1 and Fz are directed along
the axis and have magnitudes F; =40N and F, =
2.0 N. Force F, is directed at angle 6 =30° and has

magnitude F; = 1.0N. In each situation, what is the £ Puck 3 Fy S |

acceleration of the puck? b=x | <= gl BV I
B

T (@) ©) ()

Situation A: For Fig. 5-3d, where only one horizontal
force acts, Eq. 5-4 gives us

F, = ma,,

which, with given data, vields

F, 4.0 N
— — — 2 2-
a.. — 020 kg O m/s (Answer)

The positive answer indicates that the acceleration is in
the positive direction of the x axis.

Situation __B: In Fig. 5-3e., two horizontal forcei act on
the puck, F, in the positive direction of x and F, in the
negative direction. Now Eq. 5-4 gives us

which, with given data, vields
F; — Fs 40N — 2.0N

o — == s ]_D 2-
e - 020 kg m/s

(AAanswer)



Situation C: In Fig. 5-3f, force Fj; is not directed along
the direction of the puck’s acceleration; only x compo-
nent F; , 1s. (Force E 1s two-dimensional but the motion
is only one-dimensional.) Thus, we write Eq. 5-4 as

FE.x_F2=mﬂx' (5_5)

From the figure, we see that F;, = F; cos 6. Solving for
the acceleration and substituting for F; , yield
F'S_.r_FE FBCDSQ_FE

a — 1 —
* m m

1.0 N)(cos 30°) — 2.0N
LU 0) = —57m/s.

0.20 kg
(Answer)

Thus, the net force accelerates the puck in the negative
direction of the x axis.




i
Sample Problem m -4 )

In the overhead view of Fig. 5-4a, a 2.0 kg cookie tin is
accelerated at 3.0 m/s? in the direction shown by a, over - -h

a frictionless horizontal surface. The acceleration is '
caused by three horizontal forces, only two of which are
shown: ', of magnitude 10 N and F » of magnitude 20 N.
What is the third force F ; In unit-vector notation and in
magnitude-angle notation?

()
y components: Similarly, along the y axis we find
Fyy=ma,—F ,—F,,

x components: Along the x axis we have m el b

— = (2.0 kg)(3.0 m/s?) sin 50° — (10 N) sin(—150°
R =ma,~F,,-F, (2.0 kg)(3.0 m/s) sin 50° — (10 N) sin(~150°)
’ ’ — (20 N) sin 90
= m(acos 50°) = F cos(—150°) = F,cos 90°. = —104 N.
Thﬁ[l SUbStitUtng kIlOWIl dat& we ﬁl]d Vector: In unit-vector notation, we can write
! ) = n . )
Fy=F5,1+ F,] = (125N)i — (10.4 N)j
= (20kg)(3.0 m/s*) cos S0° = (10 N) cos(~150°) ~ (13N)i — (10N)]. (Answer)
_ (20 N) COS 900 We can now use a Vector—capable calculator to get the
magnitude and the angle of F;. We can also use Eq. 3-6
=125N to obtain the magnitude and the angle (from the posi-

tive direction of the x axis) as

Fy=+\F3,+ F3,=16N

and 6 = tan~! —= = —40°, (Answer)

3.x



5-7 | Some Particular Forces

The Gravitational Force

Newton’s second law can be written in the form F,, = ma,, which, in our

situation, becomes

—Fg=m(—g)
or F, = mg.
Weight
Fnet,}r - m'ﬂy‘

In our situation, this becomes
W —F, = m(0)

or W=F, (weight, with ground as inertial frame).

W=mg m=W/g F=(W/g)a

(5-8)

(5-10)
(5-11)



The Normal Force

FN - Fg = ma,. é Scale marked
) - in either
From Eq. 5-8, we substitute mg for F,, finding = | weight or
r mass units
Fy — mg = ma,. 2
Then the magnitude of the normal force is E
Fy = mg + ma, = m(g + a,) (5-13) 3
a, = 0 and Eq. 5-13 yields
Fy = mg. (5-14)
¥
Normal force F;f
A
R
¥l — Block
A
T




Friction

If we either slide or attempt to slide a body over a surface, the motion is resisted
by a bonding between the body and the surface. (We discuss this bonding more in
the next chapter.) The resistance is considered to be a single force f, called either
the frictional force or simply friction. This force is directed along the surface, op-
posite the direction of the intended motion (Fig. 5-8). Sometimes, to simplify a sit-
uation, friction is assumed to be negligible (the surface is frictionless).

Direction of
= attempted
»111{!.::

FIG. 5-8 A frictional force f{mp-
poses the attempted shide of a body
over a surface.



5-8 | Newton’s Third Law

Newton’s Third Law: When two bodies interact, the forces on the bodies from each
other are always equal in magnitude and opposite in direction.

Book ‘ Crate C

(a)

Fie: Fep
S e C——
b C
(b)

For the book and crate, we can write this law as the scalar relation

Fgc = Fep (equal magnitudes)
or as the vector relation

Fpe = —Frp  (equal magnitudes and opposite directions),

The reaction of force on a body is always an equal and opposite direction of the force



Sample Problem m

In Fig. 5-16a, a cord pulls on a box of sea biscuits up
along a frictionless plane inclined at 6 = 30°. The box
has mass m = 5.00 kg, and the force from the cord has
magnitude 7 = 25.0 N. What is the box’s acceleration
component a along the inclined plane?

We write Newton’s second law (F.., = md) for
motion along the x axis as
T — mgsin 6 = ma. (5-22)
Substituting data and solving for a, we find
a = 0.100 m/s?, (Answer)

where the positive result indicates that the box acceler-
ates up the plane.




_Sample Problem JERH] Buid yourskit

In Fig. 5-19a, a passenger of mass m = 72.2 kg stands on
a platform scale in an elevator cab. We are concerned
with the scale readings when the cab is stationary and
when it is moving up or down.

o
il

(a) Find a general solution for the scale reading, what-
ever the vertical mation af the eah . _

&
L]J

AssCNger
Fy— F, = ma

or Fy=F, + ma. (5-27)

This tells us that the scale reading, which is equal to Fy,

depends on the vertical acceleration. Substituting mg
for F, gives us

Fy=m(g +a) (Answer) (5-28)

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

BEVIDEA By any constant velocity (zero or other-
wise), the acceleration a of the passenger is zero.

Calculation: Substituting this and other known values
into Eq. 5-28, we find

Fy=(72.2 kg)(9.8 m/s* + 0) = 708 N.
(Answer)



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

Calculations: For a = 3.20 m/s?, Eq. 5-28 gives
Fy= (722 kg)(9.8 m/s* + 3.20 m/s?)

= 939 N, (Answer)
and for a = —3.20 m/s?, it gives
Fy = (722 kg)(9.8 m/s? — 3.20 m/s?)
=477 N. (Answer)

(d) During the upward acceleration in part (c), what is
the magnitude Foet of the net force on the passenger,
and what is the magnitude a,,, of his acceleration as
measured in the frame of the cab? Does F = Ma e’

Calculation: The magnitude F, of the gravitational
force on the passenger does not depend on the motion
of the passenger or the cab; so, from part (b), F, is 708 N.
From part (c), the magnitude F of the normal force on the
passenger during the upward acceleration is the 939 N
reading on the scale. Thus, the net force on the passenger is

Foot = Fy — F, =939 N — 708 N = 231 N,
(Answer)



Figure 5-18a shows the general arrangement in which
two forces are applied to a 4.00 kg block on a friction-
less floor, but only force F, is indicated. That force has a
fixed magnitude but can be applied at angle 6 to the
positive direction of the x axis. Force F, is horizontal
and fixed in both magnitude and angle. Figure 5-18b
gives the horizontal acceleration a, of the block for any
given value of 6 from 0° to 90°. What is the value of a,
for 6 = 180°?




Calculations: The x component of 1_*”}2 is I, because the
vector is horizontal. The x component of F, is F; cos 6.
Using these expressions and a mass m of 4.00 kg, we can

write Newton’s second law (ant = ma ) for motion
along the x axis as
Fycos 8 + F, = 4.00a,. (5-25)

From this equation we see that when 8 = 90°, F, cos 6
1Is zero and F, = 4.00a,. From the graph we see that
the corresponding acceleration is 0.50 m/s?. Thus,

F>, = 2.00 N and Fz must be 1in the positive direction of
the x axis.
From Eq. 5-25, we find that when 6 = 0°,

F, cos 0° + 2.00 = 4.00a,. (5-26)

From the graph we see that the corresponding accel-
eration is 3.0 m/s?. From Eq. 5-26, we then find that
=10 N.

Substituting F; = 10N, F>, = 2.00 N, and 6 = 180°
into Eq. 5-25 leads to

a, = —2.00 m/s?. (Answer)



Sample Problem F=8eH Build your skil
In Fig. 5-20a, a constant horizontal force I_{lpp of magni- which pushes against block B of mass my = 6.0 kg. The
tude 20 N is applied to block A of mass m, = 4.0 kg, blocks slide over a frictionless surface, along an x axis.

(a) What is the acceleration of the blocks?

Fippp=—t> A s o>, < Fis
X

A By e R o '(ﬁ;ﬁ:".: gt
s e e
yi .:‘:",'-.'_li!:!;{'?.‘} :‘,‘:E‘;‘%s\nﬁ.‘..'. \.-':\-':.'.\

(a) ()

(b) What is the (horizontal) force Fy4 on block B from
block A (Fig.5-20¢)?

Here, once again for the x axis, we can write that law as

F

app
where now we properly apply ﬁdpp to the system with
total mass mi, + mpg. Solving for a and substituting
known values, we find

F 20N

_ app . i 2
= = = 2.0 m/s2.
“ s +my  40kg + 6.0kg i

B e T A e e
e e el

= (m,y + mp)a,

(Answer)

— e - - -



Calculation: Here we can write that law, still for com-
ponents along the x axis, as

Fpqa = mpga,
which, with known values, gives
Fpia = (6.0Kkg)(2.0m/s?*) = 12 N. (Answer)

Thus, force FHA is in the positive direction of the x axis
and has a magnitude of 12 N.



**5 There are two forces on
the 2.00 kg box in the over-
head view of Fig. 5-31, but
only one 1s shown. For F, =
200 N,a = 12.0 m/s*, and 8 =
30.0°, find the second force (a)
in unit-vector notation and as
(b) a magnitude and (c) an
angle relative to the positive
direction of the x axis. SsM

5. We denote the two forces F and F .

—

F+E=mia o F =mi- K.

(a) In unit vector notation E = (200 N)i and

d

Therefore,

—=

5

”~
.

(-32.0 N)i - (20.8 N)j.

~(12.0'sin 30.0°m/s? )1 - (12.0 cos 30.0°m/s? ) j = —{6.00 m/s* )1 (104m/s?) .

FIG. 5-31 Problem 5.

According to Newton’s second law,

~
.

(2.00kg) (~6.00m/s? )i+ (2.00 kg) (~10.4 m/s?)j - (20.0 N)i



(b) The magnitude of F, is

| |=JE,+F, = \/(—32.0 NY +(-20.8N)* =38.2 N.
(c) The angle that F, makes with the positive x axis is found from

tan 8= (Fa/Fz) = [(-20.8 N)/(-32.0 N)] = 0.656.

Consequently, the angle is either 33.0° or 33.0° + 180° = 213°. Since both the x and y

components are negative, the correct result i1s 213°. An alternative answer is
213°-360°=-147°.

*o5 While two forces act on

it, a particle 1s to move at the

constant velocity v = (3 ma“sﬁ — (4 m:’:s.)j. One of the forces
is F; = (2N)i + (—6 N)j. What is the other force?

. Since ¥ = constant, we have & = 0O, which implies

Fo=

M

+ F, = mag =0 .

Thus, the other force mmust be

F,o= —F =(—2M™N)i+ (e N}].



*+10 A 0.150 kg particle moves along an x axis according
to x(t) = —13.00 + 2.00¢ + 4.00¢ — 3.00£, with x in meters and
t in seconds. In unit-vector notation, what i1s the net force act-

ing on the particle at t = 3.40 s?

10. To solve the problem, we note that acceleration 1s the second time derivative of the
position function, and the net force i1s related to the acceleration via Newton’s second

law. Thus, differentiating

x(t)=—-13.00+2.00t + 4.00t* —3.00¢°

twice with respect to ¢, we get
2
ax =2.00+8.00¢ - 9.00¢°, d—zx =8.00-18.0¢
dt dt

The net force acting on the particle at 1 =3.405s 1s

2 M, o i3
F= m%i — (0.150)[8.00—18.0(3.40)]1 = (-7.98 N)i



=19 In Fig. 5-38, let the
mass of the block be 8.5
kg and the angle & be 30°.
Find (a) the tension in the
cord and (b) the normal
force acting on the block.
(c) If the cord is cut, find
the magnitude of the re-
sulting acceleration of the
block. ssm www

FIG. 5-38 Problem 19.

19. (a) Since the acceleration of the block i1s zero, the components of the Newton’s
second law equation vield
T—mgsin & =0
Fo—mg cos ¢ = 0.
Solving the first equation for the tension in the string, we find
T=mgsing=(85kg)(98m/s”) sin30° =42 N .
{b) We solve the second equation in part (a) for the normal force Fy.

Fy =mgcos@ =(8.5kg)(9.8m/s*) cos 30° =72 N .

{c) When the string is cut, it no longer exerts a force on the block and the block
accelerates. The x component of the second law becomes —ngsinég = maz, so the
acceleration becomes

a=—gsin 8=—(9.8m/s” )sin 30° = —4.9 m/s*.

The negative sign indicates the acceleration is down the plane. The magnitude of the
acceleration is 4.9 m/s*.



*14 A block with a weight of 3.0 N is at rest on a horizontal

surface. A 1.0 N upward force is applied to the block by means
of an attached vertical string. What are the (a) magnitude and
(b) direction of the force of the block on the horizontal surface?

14. Three vertical forces are acting on the block: the earth pulls down on the block with
gravitational force 3.0 Nj; a spring pulls up on the block with elastic force 1.0 N; and, the
surface pushes up on the block with normal force Fy.. There 1s no acceleration, so

Y F,=0=Fy;+ (L.ON) + (-3.0N)
yields Fp;= 2.0 N,

(a) By Newton’s third law, the force exerted by the block on the surface has that same
magnitude but opposite direction: 2.0 N.

(b} The direction is down.



15 Figure 5-36 shows an
arrangement in which four
disks are suspended by cords.
The longer, top cord loops over
a frictionless pulley and pulls
with a force of magnitude 98 N
on the wall to which it 1s at-
tached. The tensions in the
shorter cords are 7, = 58.8 N,
T,=490N, and T;=98N.
What are the masses of (a) disk
A, (b) disk B, (c) disk C, and
(d) disk D?

- Eal

FIG. 5-36 Problem 15.

15. {a) From the fact that 7> = 9.8 N, we conclude the mass of disk D is 1.0 kg. Both this
and that of disk € cause the tension 75 = 49 N, which allows us to conclude that disk €
has a mass of 4.0 kg. The weights of these two disks plus that of disk B determine the
tension 77 = 58.8 N, which leads to the conclusion that m; = 1.0 kg. The weights of all
the disks must add to the 98 N force described in the problem; therefore, disk A has mass

4.0kg.
(b) miz = 1.0 kg, as found in part {(a).
(c) m-=4.0 kg, as found in part (a).

(d) mip = 1.0 kg, as found in part (a).



*#59 A block of mass m; =
3.70 kg on a frictionless plane
inclined at angle 6= 30.0° 1s
connected by a cord over a
massless, frictionless pulley to a
second block of mass m, = 2.30 : :
kg (Fig. 5-55). What are (a) the  F1G.5.55 Problem 59.
magnitude of the acceleration

of each block, (b) the direction of the acceleration of the hang-
ing block, and (c¢) the tension in the cord? nw

59. The free-body diagram for each block is shown below. T 1s the tension in the cord and
¢ = 30° 1s the angle of the incline. For block 1, we take the +x direction to be up the

incline and the +y direction to be in the direction of the normal force F, that the plane

exerts on the block. For block 2, we take the +y direction to be down. In this way, the
accelerations of the two blocks can be represented by the same symbol a, without
ambiguity. Applying Newton’s second law to the x and y axes for block 1 and to the y
axis of block 2, we obtain
T-mgsin 8 =ma
F,-mgcos =10
mg-T =ma



respectively. The first and third of these equations provide a simultaneous set for
obtaining values of @ and T. The second equation is not needed in this problem, since the
normal force is neither asked for nor is it needed as part of some further computation
{such as can occur in formulas for friction).

., A
‘~ X Faz
r |
a". .,
. F’.’Igg
m,g . Y
N }

{a) We add the first and third equations above:
phg — Mg Sin 8= ma + maa.

Consequently, we find

(m,—m sin 8)g  [2.30kg—(3.70 kg)sin 30.0°](9.80 m/s* )
o = =

= 0.735m/s°.
ny + ne, 3.70kg + 2.30kg

{b) The result for a is positive, indicating that the acceleration of block 1 is indeed up the
incline and that the acceleration of block 2 is vertically down.

{c) The tension in the cord i1s

T=ma+mgsin &=(3.70kg)(0.735 m/s” }+ (3.70kg)(9.80 m/s’ }sin30.0° = 20.8N.



#2534 In g 5-52, three ballot boxes are connected by cords, one
of which wraps over a pulley having negligible friction on its axle
and neghgible mass. The three masses are m, = 30.0 kg,
mg =400kg, and me=100kg. ;7 o
When the assembly is released 777 i
from rest, (a) what 1s the tension
in the cord connecting B and C,
and (b) how far does A move in
the first 0.250 s (assuming it does -
not reach the pulley)?

54. (a) The net force on the system (of total mass A = 80.0 kg) 1s the force of gravity
acting on the total overhanging mass (mg- = 50.0 kg). The magnitude of the acceleration
is therefore a = (mzc g)/AM = 6.125 m/s*. Next we apply Newton’s second law to block C
itself (choosing down as the +y direction) and obtain

Mg — TEC‘ — M~
This leads to Tg- =36 .8 N.

(b) We use Eq. 2-15 (choosing rightward as the +x direction): Ax=0+ %a.tz =0.191 m.



*#55 Figure 5-53 shows two blocks
connected by a cord (of negligible
mass) that passes over a frictionless
pulley (also of negligible mass). The
arrangement is known as Atwood’s
machine. One block has mass m; = 1.30
kg; the other has mass m, = 2.80 kg.
What are (a) the magnitude of the
blocks’ acceleration and (b) the tension

in the cord? &

55. The free-body diagrams for s and m, are shown in the figures below. The only

forces on the blocks are the upward tension 7 and the dowmnward gravitational forces

—=

1
I —mg=ma
mpg — T =ma

which can be solved to vield

a:[u]g
e, +

Substituting the result back, we have

F =mg and F, = m,g . Applying Newton’s second law, we obtain:

y

v




(a) With m, =1.3 kgand m, = 2.8 kg, the acceleration becomes

a_[Z.SDkg—lﬁﬂkg

(9.80m/s*) =3.59 m/s*.
2.80kg+1.30kg

(b) Simularly, the tension in the cord 1s

p - 20.30kg)2.80kg) o o0 ity o174 N,

1.30kg+2.80kg




see$5 Figure 5-37 shows
three blocks attached by cords
that loop over frictionless pul-
leys. Block B lies on a friction-
less table; the masses are m, =
6.00 kg, my = 8.00 kg, and m, =
10.0 kg. When the blocks are re-
leased, what is the tension in the
cord at the right?

FIG. 5-57 Problem 65.

65. First we analyze the entire system with “clockwise”™ motion considered positive (that
18, downward 1s positive for block C, rightward 1s positive for block B, and upward 1s
positive for block A): myg — myg = Ma (where M = mass of the system = 24.0 kg). This
vields an acceleration of

a=glme—m/M=1.63 m's"
Next we analyze the forces just on block C: meg — T =mca. Thus the tension 1s

T= mgg(llm + mg)fM= 81.7 N.



sessHG Figure 5-58 shows a box of mass m, = 1.0 kg on a fric-
tionless plane inchined at angle # = 30°. It i1s connected by a
cord of negligible
mass to a box of
mass m1;, — 3.0 kg
on a horizontal
frictionless SUr-
face. The pulley 1s
frictionless and
massless. (a) If FIG. 5-58 Problem 66.

the magnitude of

horizontal force F is 2.3 M., what 1s the tension in the connect-
ing cord? (b) What is the largest value the magnitude of F
may have without the cord becoming slack?

66. The +x direction for m;=1.0 kg 15 “downhill” and the +x direction for »,=3.0 kg is
rightward, thus, they accelerate with the same sign.

- m

F A =

— — T
TN

N 1 Flh'rj

: m,g sind
mg cosé -



(a) We apply Newton’s second law to the x axis of each box:

mgsind - T = ma
F+T=ma

Adding the two equations allows us to solve for the acceleration:

a_ngsin{?JrF
wy + Hy

With F=2.3 Nand 8=30°, we have a = 1.8 m/s*. We plug back and find 7= 3.1 N.

(b) We consider the “critical” case where the F has reached the max value, causing the
tension to vamish. The first of the equations in part (a) shows that a= gsin30° in this
case; thus, @ = 4.9 m/s*. This implies (along with 7= 0 in the second equation in part (a))
that

F=(3.0kg)49m/s)=147 N =15N
in the critical case.



Friction and Motion

A block rests on a tabletop with the gravitational force F’g

balanced by a normal force Fy
One exerts a force on the block F

There is no attempt Py

at sliding. Thus, g
no friction and e
no motion, R {.r_. S

Frictional force=0




Friction and Motion

An external force F, applied to the block, is balanced by a static
frictional force f.. As F increases, f, also increases, until f,

reaches a certain maximum value.

Force F attempts 2 A
sliding but is balanced %
by the frictional force.
No motion.

L Frictional force = F

s (B)
Force F is now

stronger but is still Fyfp
blalatnc:ed by the F Creefiltin -—*-ﬂ-w[:-_ji Frictional force = F
frictional force. i

(€)

Force F is now even
stronger but is still = ik
balanced by the D e
frictional force, —
No motion,

N Frictional force = F

@



Friction and Motion

The block then "breaks away," accelerating suddenly in
the direction of F.

Finally, the applied force & Fya

has overwhelmed the F L4l = Weak kinetic -
static frictional force. bk .-Zj:_'; ﬁ‘ frictional force f k
Block slides and v}; R

accelerates, (e)

If the block is now to move with constant velocity, F must be
reduced from the maximum value

' " T Fl

To maintain the speed, o \‘i" : Same weak kinetic

weaken force F to match  Feemet=p> f L ©
G frictional force

the weak frictional force.

;:_-_r—_ Maximum value of f;
w 8 / fi is approximately
Some experimental results for the g5 /5 ™
= / Ir-u"‘.;’" o TP S R
sequence (a) through (f) %% / V'
2/
- / L -~ Breakaway

=

Time

i



Properties of Friction

Property 1. If the body does not move, then the static frictional force }i and
the component of F that is parallel to the surface balance each other. They
are equal in magnitude, and f, is directed opposite that component of F.



Properties of Friction

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

ﬁf-,max = MN: (6_1)

where u, is the coefficient of static friction and Fy is the magnitude of the
normal force on the body from the surface. If the magnitude of the compo-
nent of F that is parallel to the surface exceeds f| .., then the body begins to
slide along the surface,



Properties of Friction

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

fi = mFy, (6-2)

where u, is the coefficient of Kinetic friction, Thereafter, during the shding, a ki-
netic frictional force ﬁ with magnitude given by Eq. 6-2 opposes the motion.

» The coefficients x4, and 4 are dimensionless.
» Their values depend on certain properties of both the body

and the surface; hence, they are usually referred to with the
preposition "between,"



xﬁ CHECKPOINT

A block lies on a floor. (a) What is the magnitude of the frictional force on
it from the floor?

(b) If a horizontal force of 5 N is now applied to the block, but the block
does not move, what is the magnitude of the frictional force on it?

(c) If the maximum value f; .., of the static frictional force on the block is
10 N, will the block move if the magnitude of the horizontally applied
force is 8 N?

(d) If it is 12 N?

(e) What is the magnitude of the frictional force in part (c)?



If a car's wheels are "locked" during emergency braking, the car slides
along the road. Ripped-off bits of tire and small melted sections of road form
the "skid marks" that reveal that cold-welding occurred during the slide. The
marks were 290 m long! Assuming that 4 = 0.60 and the car's acceleration
was constant during the braking, how fast was the car going when the

wheels became locked?

Acceleration a was due only to a
Kinetic frictional force

~fx = ma fie = iy
o Je . mmg
a . n K8
Acceleration is constant v =i+ 2a(x — xg)
&v=0
Vo = \/ZM:H(I — Xp)

& X-X, =290 m = V/(2)(0.60)(9.8 m/s?)(290 m)

= S8 m/s = 210 km/h.



A block of mass m = 3 kg slides along a floor while a force F of magnitude
12.0 N is applied to it at an upward angle 6. The coefficient of kinetic friction
between the block and the floor is g = 0.4. We can vary 6from O to 90°

(the block remains on the floor). What @ gives the maximum value of the
block's acceleration magnitude a?

Foo Iy ~
L= 615 |
. 3 — e -lq-,l.i—:. mmmmmmmm T
SRR e £y F, A

k

Along y-direction Fy + Fsin 8 — mg = m(0) | Fy = mg — Fsin ﬂl

Along x-direction  Fcos 8 — wFy = ma
F F \

Substituting for F = —— 08 0 — ( — ——3in 0
g N a - il 8 o J

Finding a maximum da - “——E—sin o+ ,tbr;iﬂﬂﬂ g =10 “ tan 0 =
m mnt

f=tan"' u, =21.8° =~ 22°



The Drag Force and Terminal Speed

» A fluid Is anything that can flow, generally either a gas or a liquid.

» When there is a relative velocity between a fluid and a body, the body
experiences a drag force D

» The drag force opposes the relative motion and points in the direction in
which the fluid flows relative to the body..



Fall of blunt (like a baseball) in air

The drag force ‘ﬂ - %CpAui‘

p - air density A: the effective cross-sectional area of the body
T;' . body speed C: drag coefficient C (0.4 to 1.0)
A A
D .
N i !
the free-body after a The drag force increases

the body when it has

just begun to fall and drag force has

F, developed F,

(a) ¥

Newton's second law for a vertical y axis

until it balances F; on the
body. The body now falls
at constant terminal speed.

Fm’}, = M.,

¥

D — F,=ma ;CpAV? — F, = 0

| [ 2F
terminal speed V;—\/E:;

o

(c)



A raindrop with radius R = 1.5 mm falls from a cloud that is at height h =
1200 m above the ground. The drag coefficient C for the drop is 0.60.
Assume that the drop is spherical throughout its fall. The density of
water p", is 1000 kg/m3, and the density of air p, is 1.2 kg/m3.

(a) What is the terminal speed?
_ [ 2K _ |8"R°pe _ [BRpg
N Cp, A N 3CpmR* NV 3Cp,

i

Vi
_ _
F, = Vp,g = 37Rp,8 - _ \/ ®)(15 % 10 3 m)(1000 kg/m?)(9.8 m/s?)

(3)(0.60)(1.2 kg/m?)
= 7.4 mfs = 27 km/h, (Answer)

(b) What would be the drop's speed just before impact if there were no
drag force?.

The initial velocity v,=0, displacement x—X; is -h

v = V2gh = V(2)(9.8 m/s?)(1200 m)
= 153 m/s = 550 km/h.



Uniform Circular Motion

» A particle moves in a circular path with a
constant speed v

» It then has centripetal force of

a=— centripeta acceleartion

From Newton’s second law, the centripetal force is:

2
F:ma:mv—
R

» Both velocity and acceleration are constant
» Both a and F are directed to the center. They are perpendicular to
v (in the direction of the tangent)



Example:
A car moves with a constant speed in a circular motion of radius 50
m and makes a full cycle in 0.2 min. Find the speed and the
acceleration of the car.

Since the speed of the car is constant, therefore

Ve X _ 27r _ 2x3.14x50 _26.2m/s

t t 0.2x60

V2 26.2°
50

=13.7m/s?




el A bedroom bureau with a mass of 45 kg, including
drawers and clothing, rests on the floor. (a) If the coefficient of
static friction between the bureau and the floor i1s 0.45, what is
the magnitude of the minimum horizontal force that a person
must apply to start the bureau moving? (b) If the drawers and
clothing, with 17 kg mass, are removed before the bureau is
pushed, what is the new minimum magnitude? ssm www

The minimum force F;, is equal to the maximum static friction fg ...

(@) Fmin = fs,max — :usFN = lusrng
=45x0.45x9.8=198 N
|:min = fs,max = IUSFN = Mg
() = (45-17)x0.45x9.8 =123 N



wwall . v

18 A 4.10kg block is
pushed along a floor by a con-
stant applied force that is hori-
zontal and has a magnitude of
40.0N. Figure 6-27 gives the , |
block’s speed v versus time ¢ as 0 0.5 1.0
the block moves along an x axis t(s)

on the ﬂqor. Th'e :scalc of the fig- FIG. 6.27 Problem 18.
ure’s vertical axis 1s set by v, = 5.0

m/s. What is the coefficient of kinetic friction between the block
and the floor?

v (m/s)

Acceleration = slope = 0.45
Kineticfriction f, =g F, =xmMg
Newton's2ndlaw: F —f, =ma

F-ma 40-4.1x4.5
F-pyFy=ma = pgmg=F-ma = k= m = 41x9 8



6-13a represents a car of mass m as it moves at a con-
stant speed v of 20 m/s around a banked circular track
of radius R = 190 m. (It is a normal car, rather than a
race car, which means any vertical force from the pass-
ing air is negligible.) If the frictional force from the
track is negligible, what bank angle 6 prevents sliding?

y

- — T

!f' \ -~

Radial calculation:

F-\"r

( vz) h

—Fysin0=m|——). e
v Sin m R _

Vertical calculations:
Fycos 8 — mg = m(0),

from which
Fycos 0 = mg.
v’
Combining results: b= Ttan R
20 m/s)?
= tan ! (20 m/s) = 12°. (Answer)

(9.8 m/s?)(190 m)



Q.16 A 60 kg person weighs 100 N on the moon. The acceleration of gravity on the moon is:
(A) zero (B) 4.9 m/s? (C) 19.6 m/s? (D) 1.67 m/s? (E) 9.8 m/s?

W
I\/v N rT‘gmoon gmoon :_:@:1'67 m/SZ
m 60

Q.17 A block slides on a :uggh su!'fa::;e (see Figu_re). The blﬁock‘ s_tarts to slide f. F=BDJ\I
when a parallel force of 30 N is applied. The coefficient of static friction ps is: a«—fw=4sNlL—»
(A) 1 (B) 0.4 {C] 0.33 (D) 0.67 (E) Zero
F,.=45N
foma =30N=pF, p, = j—g =0.67

Q.18 A cable holds a ball of weight 250 N in static equilibrium. The tension in the cord is: '
(A) 500 N (B) 9.8 N (C) 250 N (D) zero (E) 50 N



Q.19 The formula for the centripetal force is:
2 2
v

(A) a= VE— (B) F=ma (C) F=mg (D) F = mE (E) none of these

Q.24 A car rounds a 20 m radius curve at 10 m/s. The magnitude of its acceleration is:
(A) Zero (B) 5 m/s® (C) 2 m/s® (D) 4 m/s? (E) 6 m/s®

vZ 107

=5m/s’

Q.12 The formula for the friction force is:
(A) f=p N (B) F=ma (C) w=mg (D) F=N (E) F=2f

Q.29 A boy pulls a wooden box along a rough horizontal

Floor at constant speed. Which of the followings must be true? NT

F
(A) FcosB>f, and N=W Ui EEEEE 3
(B) F=f, and N >W 30 .:.':;'.:'.:: » fi
(C) F>f, and N<W e
(D) FcosB =f, and N=W-Fsinf l F:magnitude of the Force

w f.. magnitude of the force of friction

(E) none of these N: magnitude of the normal force

W : weight



Friction and Motion

A block rests on a tabletop with the gravitational force F’g

balanced by a normal force Fy
One exerts a force on the block F

There is no attempt Py

at sliding. Thus, g
no friction and e
no motion, R {.r_. S

Frictional force=0




Friction and Motion

An external force F, applied to the block, is balanced by a static
frictional force f.. As F increases, f, also increases, until f,

reaches a certain maximum value.

Force F attempts 2 A
sliding but is balanced %
by the frictional force.
No motion.

L Frictional force = F

s (B)
Force F is now

stronger but is still Fyfp
blalatnc:ed by the F Creefiltin -—*-ﬂ-w[:-_ji Frictional force = F
frictional force. i

(€)

Force F is now even
stronger but is still = ik
balanced by the D e
frictional force, —
No motion,

N Frictional force = F

@



Friction and Motion

The block then "breaks away," accelerating suddenly in
the direction of F.

Finally, the applied force & Fya

has overwhelmed the F L4l = Weak kinetic -
static frictional force. bk .-Zj:_'; ﬁ‘ frictional force f k
Block slides and v}; R

accelerates, (e)

If the block is now to move with constant velocity, F must be
reduced from the maximum value

' " T Fl

To maintain the speed, o \‘i" : Same weak kinetic

weaken force F to match  Feemet=p> f L ©
G frictional force

the weak frictional force.

;:_-_r—_ Maximum value of f;
w 8 / fi is approximately
Some experimental results for the g5 /5 ™
= / Ir-u"‘.;’" o TP S R
sequence (a) through (f) %% / V'
2/
- / L -~ Breakaway

=

Time

i



Properties of Friction

Property 1. If the body does not move, then the static frictional force }i and
the component of F that is parallel to the surface balance each other. They
are equal in magnitude, and f, is directed opposite that component of F.



Properties of Friction

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

ﬁf-,max = MN: (6_1)

where u, is the coefficient of static friction and Fy is the magnitude of the
normal force on the body from the surface. If the magnitude of the compo-
nent of F that is parallel to the surface exceeds f| .., then the body begins to
slide along the surface,



Properties of Friction

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

fi = mFy, (6-2)

where u, is the coefficient of Kinetic friction, Thereafter, during the shding, a ki-
netic frictional force ﬁ with magnitude given by Eq. 6-2 opposes the motion.

» The coefficients x4, and 4 are dimensionless.
» Their values depend on certain properties of both the body

and the surface; hence, they are usually referred to with the
preposition "between,"



xﬁ CHECKPOINT

A block lies on a floor. (a) What is the magnitude of the frictional force on
it from the floor?

(b) If a horizontal force of 5 N is now applied to the block, but the block
does not move, what is the magnitude of the frictional force on it?

(c) If the maximum value f; .., of the static frictional force on the block is
10 N, will the block move if the magnitude of the horizontally applied
force is 8 N?

(d) If it is 12 N?

(e) What is the magnitude of the frictional force in part (c)?



If a car's wheels are "locked" during emergency braking, the car slides
along the road. Ripped-off bits of tire and small melted sections of road form
the "skid marks" that reveal that cold-welding occurred during the slide. The
marks were 290 m long! Assuming that 4 = 0.60 and the car's acceleration
was constant during the braking, how fast was the car going when the

wheels became locked?

Acceleration a was due only to a
Kinetic frictional force

~fx = ma fie = iy
o Je . mmg
a . n K8
Acceleration is constant v =i+ 2a(x — xg)
&v=0
Vo = \/ZM:H(I — Xp)

& X-X, =290 m = V/(2)(0.60)(9.8 m/s?)(290 m)

= S8 m/s = 210 km/h.



A block of mass m = 3 kg slides along a floor while a force F of magnitude
12.0 N is applied to it at an upward angle 6. The coefficient of kinetic friction
between the block and the floor is g = 0.4. We can vary 6from O to 90°

(the block remains on the floor). What @ gives the maximum value of the
block's acceleration magnitude a?

Foo Iy ~
L= 615 |
. 3 — e -lq-,l.i—:. mmmmmmmm T
SRR e £y F, A

k

Along y-direction Fy + Fsin 8 — mg = m(0) | Fy = mg — Fsin ﬂl

Along x-direction  Fcos 8 — wFy = ma
F F \

Substituting for F = —— 08 0 — ( — ——3in 0
g N a - il 8 o J

Finding a maximum da - “——E—sin o+ ,tbr;iﬂﬂﬂ g =10 “ tan 0 =
m mnt

f=tan"' u, =21.8° =~ 22°



The Drag Force and Terminal Speed

» A fluid Is anything that can flow, generally either a gas or a liquid.

» When there is a relative velocity between a fluid and a body, the body
experiences a drag force D

» The drag force opposes the relative motion and points in the direction in
which the fluid flows relative to the body..



Fall of blunt (like a baseball) in air

The drag force ‘ﬂ - %CpAui‘

p - air density A: the effective cross-sectional area of the body
T;' . body speed C: drag coefficient C (0.4 to 1.0)
A A
D .
N i !
the free-body after a The drag force increases

the body when it has

just begun to fall and drag force has

F, developed F,

(a) ¥

Newton's second law for a vertical y axis

until it balances F; on the
body. The body now falls
at constant terminal speed.

Fm’}, = M.,

¥

D — F,=ma ;CpAV? — F, = 0

| [ 2F
terminal speed V;—\/E:;

o

(c)



A raindrop with radius R = 1.5 mm falls from a cloud that is at height h =
1200 m above the ground. The drag coefficient C for the drop is 0.60.
Assume that the drop is spherical throughout its fall. The density of
water p", is 1000 kg/m3, and the density of air p, is 1.2 kg/m3.

(a) What is the terminal speed?
_ [ 2K _ |8"R°pe _ [BRpg
N Cp, A N 3CpmR* NV 3Cp,

i

Vi
_ _
F, = Vp,g = 37Rp,8 - _ \/ ®)(15 % 10 3 m)(1000 kg/m?)(9.8 m/s?)

(3)(0.60)(1.2 kg/m?)
= 7.4 mfs = 27 km/h, (Answer)

(b) What would be the drop's speed just before impact if there were no
drag force?.

The initial velocity v,=0, displacement x—X; is -h

v = V2gh = V(2)(9.8 m/s?)(1200 m)
= 153 m/s = 550 km/h.



Uniform Circular Motion

» A particle moves in a circular path with a
constant speed v

» It then has centripetal force of

a=— centripeta acceleartion

From Newton’s second law, the centripetal force is:

2
F:ma:mv—
R

» Both velocity and acceleration are constant
» Both a and F are directed to the center. They are perpendicular to
v (in the direction of the tangent)



Example:
A car moves with a constant speed in a circular motion of radius 50
m and makes a full cycle in 0.2 min. Find the speed and the
acceleration of the car.

Since the speed of the car is constant, therefore

Ve X _ 27r _ 2x3.14x50 _26.2m/s

t t 0.2x60

V2 26.2°
50

=13.7m/s?




el A bedroom bureau with a mass of 45 kg, including
drawers and clothing, rests on the floor. (a) If the coefficient of
static friction between the bureau and the floor i1s 0.45, what is
the magnitude of the minimum horizontal force that a person
must apply to start the bureau moving? (b) If the drawers and
clothing, with 17 kg mass, are removed before the bureau is
pushed, what is the new minimum magnitude? ssm www

The minimum force F;, is equal to the maximum static friction fg ...

(@) Fmin = fs,max — :usFN = lusrng
=45x0.45x9.8=198 N
|:min = fs,max = IUSFN = Mg
() = (45-17)x0.45x9.8 =123 N



wwall . v

18 A 4.10kg block is
pushed along a floor by a con-
stant applied force that is hori-
zontal and has a magnitude of
40.0N. Figure 6-27 gives the , |
block’s speed v versus time ¢ as 0 0.5 1.0
the block moves along an x axis t(s)

on the ﬂqor. Th'e :scalc of the fig- FIG. 6.27 Problem 18.
ure’s vertical axis 1s set by v, = 5.0

m/s. What is the coefficient of kinetic friction between the block
and the floor?

v (m/s)

Acceleration = slope = 0.45
Kineticfriction f, =g F, =xmMg
Newton's2ndlaw: F —f, =ma

F-ma 40-4.1x4.5
F-pyFy=ma = pgmg=F-ma = k= m = 41x9 8



6-13a represents a car of mass m as it moves at a con-
stant speed v of 20 m/s around a banked circular track
of radius R = 190 m. (It is a normal car, rather than a
race car, which means any vertical force from the pass-
ing air is negligible.) If the frictional force from the
track is negligible, what bank angle 6 prevents sliding?

y

- — T

!f' \ -~

Radial calculation:

F-\"r

( vz) h

—Fysin0=m|——). e
v Sin m R _

Vertical calculations:
Fycos 8 — mg = m(0),

from which
Fycos 0 = mg.
v’
Combining results: b= Ttan R
20 m/s)?
= tan ! (20 m/s) = 12°. (Answer)

(9.8 m/s?)(190 m)



Q.16 A 60 kg person weighs 100 N on the moon. The acceleration of gravity on the moon is:
(A) zero (B) 4.9 m/s? (C) 19.6 m/s? (D) 1.67 m/s? (E) 9.8 m/s?

W
I\/v N rT‘gmoon gmoon :_:@:1'67 m/SZ
m 60

Q.17 A block slides on a :uggh su!'fa::;e (see Figu_re). The blﬁock‘ s_tarts to slide f. F=BDJ\I
when a parallel force of 30 N is applied. The coefficient of static friction ps is: a«—fw=4sNlL—»
(A) 1 (B) 0.4 {C] 0.33 (D) 0.67 (E) Zero
F,.=45N
foma =30N=pF, p, = j—g =0.67

Q.18 A cable holds a ball of weight 250 N in static equilibrium. The tension in the cord is: '
(A) 500 N (B) 9.8 N (C) 250 N (D) zero (E) 50 N



Q.19 The formula for the centripetal force is:
2 2
v

(A) a= VE— (B) F=ma (C) F=mg (D) F = mE (E) none of these

Q.24 A car rounds a 20 m radius curve at 10 m/s. The magnitude of its acceleration is:
(A) Zero (B) 5 m/s® (C) 2 m/s® (D) 4 m/s? (E) 6 m/s®

vZ 107

=5m/s’

Q.12 The formula for the friction force is:
(A) f=p N (B) F=ma (C) w=mg (D) F=N (E) F=2f

Q.29 A boy pulls a wooden box along a rough horizontal

Floor at constant speed. Which of the followings must be true? NT

F
(A) FcosB>f, and N=W Ui EEEEE 3
(B) F=f, and N >W 30 .:.':;'.:'.:: » fi
(C) F>f, and N<W e
(D) FcosB =f, and N=W-Fsinf l F:magnitude of the Force

w f.. magnitude of the force of friction

(E) none of these N: magnitude of the normal force

W : weight



Kinetic Energy

and () v = 5 m/s at 30° to the horizontal.

1  Rank the following velocities according to the kinetic energy a
particle will have with each velocity, greatest hrt.l [ﬂ} j
by V= —di +3),(c) ¥ =-31 + 4] (d) ¥ = 31 — 4j, (e} ¥ = 51,

= 4i + 3,

(a) K.E :%m\/2 :%m(vf +v§):%m(4x4+ 3x3)=12.5m

(b) K.E= % mv2 = % m{vZ +v2 )= % m((-4)x(-4) + 3x3) =12.5m
(c) K.E= % mv2 = % m{VZ +v2 )= % m((-3)X(-3) + 4x4) =12.5m
(d) K.E= % mv2 = % m{vZ +v2 )= % m(3x3+ (-4)x(-4)) = 12.5m

(e) K.E :%m\/2 = 1rnvj = 1m(5x5)=12.5m
1

() K.E= va = m(v +V2) —m[5xcosSO) (5xsin30)2]=—

m|cos?30+sin?30]=12.5



Energy transferred to or from an object by means of a force acting on
the object.

» It has the same units as energy and is a scalar quantity

Work and Kinetic Enerqy

~This component
does no work.
. ] .
Fo=ma, 2 =2 4 2q.d  mv? —3mvi = Fd. I =

Bead l'.’

This component

K: & Ki: kinetic energy after & start of displacement does work.

|W — Fdcosg=F e d (work done by constant force)l

Units for work: 17 =1kg-m%s®=1N-m = (.738 ft-1b,



W = Fdcosg = F e d (work done by constant force)l

» W = +ve when ¢<90°, F parallel to d
» W = -ve when ¢>90°, F opposite to d
» W =0 when ¢=0°, F perpendicular tod

Theory of Work — Kinetic Energy

AK = K, — K, = W, K=K + W,

P

kinetic energy after | kinetic energy N the net
the net work is done before the net work work done

'*SGHE{:KPGIMT 1

A particle moves along an x axis. Does the kinetic energy of the particle
Increase, decrease, or remain the same If the particle's velocity changes
(a) from -3 mls to -2 mis?

(b) from -2 mls to 2 mis?

(c) In each situation, is the work done on the particle positive, negative, or
zero?




Figure 7-4a shows two industrial spies sliding an initially
stationary 225 kg floor safe a displacement d of magnitude
8.50 m, straight toward their truck. The push F, of spy 001 18
12.0 N, directed at an angle of 30.0° downward from the hor-
1zontal; the pull £ of spy 002 1s 10.0 N, directed at 40.0°
above the horizontal. The magnitudes and directions of
these forces do not change as the sale moves, and the floor
and safe make frictionless contact,

_Sample Problem

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

displacement d?

W, = Fid cos ¢, = (12,0 N)(8.50 m){cos 30.0%)
= B8.33 ],

W, = Fyd cos ¢ = (10,0 N)(8.50 m)(cos 40.0%)
= 65111

W=W,+W,=8833J +6511]
=15347 ~ 153 7.

Only force componants
parallel to the displacement
do work.




(b) During the displacement, what is the work W, done on the safe by the gravitational
force Fg? and what is the work W,, done on the safe by the normal force Fy from the

floor?
W, = mgd cos 90° = mgd(0) =

Wy = Fyd cos 90° = Fpud(0) = 0

(c) The safe is initially stationary. What is its speed v; at the end of the 8.50 m

displacement?
W= K; - K; = 3mv} — ;mvi.
[2W _ [2(15347T)
vi=0-> Uf—.\'ll m -II'Ill 225 kg
= 1,17 m/s.




fd = (-3.0m)i and F = (2.0N)i + (—6.0N)j calculate the work done?

W=F-d = [(20N)i + (6.0 N)j]+[(—3.0 m)i].

W= (20N)(~3.0m)i-i+ (=6.0N)(=3.0m)j-1
=(=6.01(1)+ 0= —-601. (Answer)

If the kinetic energy at the beginning of displacement is 10 J, what is its
kinetic energy at the end of d?

K=K, +W=10J+ (—6.0J) =4.01.



Work Done by the Gravitational Force

For a rising object
W, = mgd cos 180° = mgd(—1) = —mgd.

After the object has reached its maximum height and is falling back down,
the angle ¢ between force F, and displacement d is zero.

W, = mgdcos (" = mgd(+1) = +mgd. ‘

which becomes opposite when lowering the object.

Work done in lifting an object

&E = K_ir_ E,i e H:.:r + ﬁlﬂg'.-

It becomes opposite when lowering the object.

If the object is stationary before |W,+ W,=10
and after the lift, then K = K, =0 W, = —-W




An elevator cab of mass m = 500 kg is descending with speed v; = 4.0 mis
when its supporting cable begins to slip, allowing it to fall with constant
acceleration a = glI5.

(@) During the fall through a distance d = 12 m, what is the work W, done on
the cab by the gravitational force?

W, = mgd cos 0° = (500 kg)(9.8 m/s*){12 m)(1)
= 5.88 % 10" J =59 kJ. (Answer)

_~—Elevator

% Does

T negative
Cab | work

(b) During the 12 m fall, what is the work W-
done on the cab by the upward pull T of the

elevator cable?
i ; — Does
x --: c_f* fé pDSitqu
Wr=Tdecosgp=mla + gldcosgp. —— —— s work
@ Al
Wr = m(—i + g) d cos ¢ = img:f COS ¢ v
T 5 “ 5 j (a) (5

= :— (500 kg)(9.8 m/s*)(12 m} cos 180°

= —4,70 X 10% ) = —47 kJ.



| (c) What is the net work W done on the cab during the fall?

W=W,+ Wr=588x10"1 - 470 x 10*]
=118 x 10*T = 12 kI. (Answer)

| (d) What is the cab's kinetic energy at the end of the 12 m fall?

K=K, + W= %mu‘f + W
= (500 kg)(4.0 m/s)* + 1.18 X 10*]
= 1.58 % 10*J =~ 16 kJ.



Work Done by a Spring Force

The spring force is

— Block
— _ﬁ attached
A 1crﬁ]ll'i|1;;

—

F.= —J'{H {Hooke's law), ‘ A R

| — X

o _ _ _ spring in a relaxed state
» The (-) sign is because the direction of F is always

opposite to d ¥ positve
F, negative Jr —
» Kk is the spring (or force) constant. It measures of the TO000 oo ol ﬁ
spring stiffness — T T

Ll
block is displaced by d
spring is stretched

‘ W, = i‘r‘;rf B i'f”:% (work by a spring force).

x ative
et posiive
It is + or —ve depending on whether the net transfer of energy Ifm“ — B
is to or from the block as the block moves from x; to x; “"‘_r-——ﬂ RO

spring is compressed
|f X = O: ‘ W_.I. = :l;fn'l“?' (work by a spring force).




The work done by an applied force

If the block is stationary before
and after the displacement

‘mrz _Wﬁ“




Work Done by a General Variable Force

(1) One-dimensional analysis

If the force magnitude to vary with position x.

*f
W = f Flx) dx {(work: variable force),

(2) Three-dimensional analysis

Fll- .'t'_l- J"_I" .{lr-
W=jdw= ﬂir+ijdy+jﬂdz.
T I Ji

/ i

= & T ; .

For F = 3 2 4 . % arls 3 ) 0 3 1}
orce ( v N+ (4 H}}i wqh X in meters, acts on a W__J 342 g ‘_J 4 dy - 3j x4 4J dy
particle, changing only the kinetic energy of the particle, 2 3 2 3

How much work is done on the particle as it moves from co- = 353 + 4[yl} = [3° — 2°] + 4]0 — 3]
ordinates (2 m, 3 m) to (3 m, 0 m)? Does the speed of the — 701 (Answe

particle increase, decrease, or remain the same?




Power

The time rate at which work is done by a force

If a force does an amount of work W in an amount of time At, the average
power due to the force during that time interval is

W
‘Pm.g = Ar {averapge power).

Instantaneous power P is the instantaneous time rate of doing work

P=— (instantaneous power),

For a particle moving along a straight line and is acted on by a constant force
F directed at some angle ¢.

dw Feos g dx dx
P=—= i = Fcos fﬁ(?)
= Fvcos o,

—
P=F:% (instantaneous power),




\ﬁCH ECKPOINT

A block moves with uniform circular motion because a cord tied to the block is

anchored at the center of a circle. Is the power due to the force on the block
from the cord positive, negative, or zero?

Units of power

Twatt = 1 W =11 = 0738 ft - Ib/s

Work is then expressed as power multiplied by time, as in the common unit
kilowatt-hour.

I kilowatt-hour = 1 kW -h = (10° W)(3600 s)
= 3.60 ¥ 10°J = 3.60 MJ.




Figure 7-14 shows constant forces ﬁ". and F; acting on a box Negative power, Positive power.

as the box slides rightward across a frictionless floor, Force F, (This force is . (This force is

is horizontal, with magnitude 2.0 N; force F, is angled upward removing energy.) 5 supplying energy.)
by 60° to the floor and has magnitude 4.0 N. The speed v of . - -

the box at a certain instant is 3.0 m/s. What is the power due Frictionless Fi prfm \ S

to each force acting on the box at that instant, and what is the
net power? Is the net power changing at that instant?

Py = Fvcos ¢ = (20 N)(3.0 m/s) cos 180°
= —00 W, (Answer)

Py = Fyv cos ¢y = (4.0 N)(3.0 m/s) cos 60°
= 6.0 W (Answer)

Pntt:Fi-thi
= —6.0W + 6.0 W =0,



Q.27 Which one of the following choices is a unit of power?
(A) kg - m*/s (B) N-m/s” (C) m/s 1) Hgmfsg

Q.39 The S| unit of work is: —
(A) kg - m?fs (B) kg - m (C) kg - m/s D) kg - m'/s (E}kg s
nit of work Is: ) -
(A) kg-m*/s® (B) kg - m (C) kg - m/s (D) kg - m?/s (E) kg - 8
Q.22 The kinetic energ.y of a moving object is:
(A) mvt? (B) Fd cos 6 (C) ma (D) mgh (E) Tmv?

Q.7 A man pulls a sled along a rough horizontal surface by applying a constant force F at an angle 8 above

the horizontal. In pulling the sled a horizontal distance d, the work done by the man is:
(A) Fd (B) Fcosé (C) Fdsin® (D) FdtanB (E) Fdcos®

[W = Fd cosgp|




Q.6 A particle moves 3 m in the positive x direction while being acted upon by a constant force

F=(4i +2{-4k)N The work done on the particle by this force is:
(A) 20 J (BYH2d (C)30J (D) -20 J (E) none cf these

d=3 W=F ed =(4x3+4x0-4x0)=12]|

Q.24 A single constant force F= (ET - 5}} N acts on a 4 kg particle. If the particle moves from the origin with

vector position T = (3i - 5]) m. The work done by this force is:
(A)19 J (B) 15 J (C)6 ) (D) 31 J (E) 25

W = F oF = (2x3+ (-5)X(-5)) = 6+ 25 = 31

Q.30 A moving particle of mass 2 kg, has kinetic energy 16 J. lts speed is!
(A) 4 m/s (R) 8.8 m/s (C) 10 mfs (D) 19.6 m/s (E) 3.16 m/s

K:lm\/z V:\/&:\/ZX16:4m/s
2 m 2




done is:
Q.34 A 800 kg car moves from rest to speed of 8 m/s. The net work
(A) 1210 J (B) 2210 J (C) 25600 J (D) 1000 J (E) 10 J

1
‘w =K¢ —Kj = Em(v% —viz): %x800(64—0): 25600J‘

Q.9 A 6 kg cart starts up an incline with a speed of 3 m/s and comes to rest up the incline. The total work

done on the cart is:
(A6 J (B) 8 J (C)-27 J (D) -18J (E} none of these

1 1
‘W K¢ —Kj = Em(v? —vi2)= Ex6(0-9)= 27 J‘

Q.8 Attime t = 0 a 2 kg particle has a velocity of (4i -3j)m/s . Att = 3s its velocity is (21 +5]ymis . During this
time the work done on it was: o
(A) 4 J (B) -4 J (C)-12 J (D) -40 J (E) (4 +35)J

> =(4F +(-3)*=25m/s vZ =(2) +(5)° = 29 mis
1 5, 1 5, 1

1
— f _Ki zam\/f —Em\/l :Em(V? —\42):§X2(29—25):4J




Q.20 If the restoring force is 20 N, Then the work done in stretching a spring a disiance of 0.5 m is:

(A)3J (B)6 J (C)94J (D} 12 J (E)5 J
k=t 20 =40 N/m W = o :£x40x(0.5)2 =9J
X 05 2 2

0.33 A spring has a force constant of 150 N/m. The work done on the spring to stretch it by 0.02 m from its

equilibrium position is:

(A) 0.03 J (B) 10 J (C) Zero (D) 1J (E)2J

W = %kx? - % x150x(0.02)2 = 0.03J




Q.23 In the figure a 10 kg box is pushed up a rough incline (=0.2) angle atlBD“ ek
to the horizontal. a force of 50 N parallel to the incline is applied. As the box slides  ~
2 m, the work done by the applied force is:
d-r""'L

(A)-200J  (B)50J (C)100J (D) 200J (E) Zero

[WE = Fd =50x2=100J

0.24 Refer to question 23, the work done by the normal force on the box is:
(A) 49 J (B) 110.84 J {C) Zero (D) 98 J
(E) 101.84 J

Wy = Fndcos90=0J

Q.28 Refer to question 23, the work done by the gravity force on the box Is:
(A)-98J (B)-117.6 J (C)58.84J (D) 8.8 J (E) Zero

W, = (mgsin) (d) cos180 = —mgd sin g = —10x9.8x2xsin30 = —98




Q.36 In the figure a 5 kg crate is pushed up a frictionless inclined plane
of 30° above the horizontal, by a horizontal force of 50 N. As the crate
moves 2 m, the work done by the force 1s:

(A) Zero (B)45.27J (C)24) (D) 12 J (E) 86.60 J

W = Fd cosg = Fd cose = 50x2x cos30 = 86.6 J

‘ itati f the crate is:
. ‘na to question (36 ),the work done by the gravitational force ©
E]EZEjferrlng ; (B)-5J (C)-59 J (D) -980 J (E) Zero

|Wg = (mgsind) (d) cos180 = —mgd sin @ = —5x9.8x2sin30 = —49 J

38 Referring to question (36), the work done by the normal force is:
?A} Eeri e (B) 980 J (C) 105 J (D) 49 J (E)9.8J

[Wy = Fnd cos90 =0




Q.28 Ii the work done on a particle is 24 J in 6 s. The power is: |
(A) 36 W (B} 2 W (C)1W (D) B8 W (E) 4 W

=ﬁ:4W
6

p-¥
t

Q.23 A ball of mass 0.25 kg is dropped from a height 35 m above the ground. The work done by gravitational

force is:
(A) 5 J (B) 40 J (C) 85.76 J (D) 4 J (Ey1.J

Wg = mgd = 0.25x9.8x35=85.75J




Ch 8: Potential Energy and Conservation of Energy

| is energy associated with the configuration of a system of objects
that exert forces on one another.

Work and Potential Enerqgy

IiUf—WI

AU, =-W,=mgd (forrising)=-mgd (forfalling)

v

W = F[‘L] dx. ALl = j | IF{I} dx.



Gravitational Potential Eﬂai‘fgy‘

‘ AU = mg(yr— y;) = mg Ay, ‘

Gravitational potential energy when the particle is at a certain height y

|- v =mg(y )|

Usually, U;=0and y, =0

I U y) = mgy {gravitational potential energy).

#5

W The gravitational potential energy associated with a particle - Earth system depends
only on the vertical position y (or height) of the particle relative to the reference posi-
tion y = (0, not on the horizontal position.



S e S e ﬁ I 4 I
mple Problem
s b2

A 2.0 kg sloth hangs 5.0 m above the ground

(a) What is the gravitational potential energy U of the
sloth - Earth system if y = 0 to be

(1) at the ground,

(2) at a balcony floor that is 3.0 m above ground,

(3) at the limb

(4) 1.0 m above the limb?

Take the gravitational potential energy =0aty =0

L5NT,

i R i T L st
== - el -~ P T
e i _r:_rﬁ.--_aﬁ'_—;:;;@ ;

For choice (1) the slothisaty =5.0 m,

] -3 —5

= mgy = (g{'_; kg}(g‘ﬁ TI'IJ"SZ:I{:';.U ]'I'l) — 08 . {-ll] {Elj . ; {JH R ]

For the other choices, the values of U are

(4) U=mgy =mg(—1.0m)= 1967~ —201.

X~ it 8
|

(b) The sloth drops to the ground. For each choice of reference point, what is the
change t:...U in the potential energy of the sloth - Earth system due to the fall?

AU = mg Ay = (2.0 kg)(9.8 m/s*)(—-5.0m) = —98 ],



Elastic Potential Energy ‘

|au = Lix? — Lkt

If U, = 0 and x; = O, the potential energy associated with the spring at position x

-U{Jl:]- = %J’-{IE [elastic potential energy). ‘

Q.36 A spring with spring constant of 40 N/m is compressed by a force a distance of 0.4 m. The potenti

energy stored in the spring is:
(A) 0.5 J (B)2.5J (CY3.24 (D) 10 J (E) 200 J

U =%kx2 = %x40x(0.4)2 =3.2 J‘

Q.28 A spring with spring constant of 20 N/m is compressed by force of 10 N. The potential energy stored in
the spring is: - B
(A)0.54d (B) 2.5J (C)5J (D) 104 (&) 200 J

X=-—="=05m US=%W2=%X20X(O.5)2=2.53‘




Conservation of Mechanical Energy

The mechanical energy E, .. of a system is the sum of its potential energy U and
the kinetic energy K of the objects within it

E .=K+U {mechanical energy). ‘

The force transfers energy between K of the object and U of the system

AK =W AU = —W. > AK = —AU.

K, — K, =—(U, — U)),

We can rewrite K, +U,= K, + U, (conservation of mechanical energy).

the sum of K and U for

the sum of K and U for)
~ \any other state of the system /)’

any state of a system

principle of conservation of mechanical enerqy

|AE,.. = AK + AU =0



Principle of conservation of
mechanical energy for a
pendulum swing The energy of
the pendulum - Earth system is
transferred back and forth
between K and gravitational
potential energy U, with K + U =
constant. If we know the
gravitational potential energy
when the pendulum bob is at its
highest point, the kinetic energy
is obtained of the bob at the
lowest point (Fig. 8-7e).

All potential
energy

+1iIH\

All kinetic energy

The total energy
does not change
(it is conserved).

All potential
energy




A child of mass m is released from rest at
the top of a water slide, at height h = 8.5 M | The total mechanical
above the bottom of the slide. Assuming | energy at the top

; ; .. ; [}
that the slide is frictionless because of the | is equal to the total *

bottom of the slide.

water on it, find the child's speed at the | atthe bottom. — ‘&

SRR

Let the mechanical energy be E...; When the child is at the top of the slide and
Enecp When she is at the bottom. Then the conservation principle tells us

Em{:l::,b —_— EITIEEJ’ I{b + Ub - Kj + U;'r

1.2 _ 1
SIVE + mgy, = mvi + mgy,.

vi = vi + 28y, — ¥

Puttingv, = 0and y, — vy, = h leads to

vy, = V2gh = V(2)(9.8 m/s?)(8.5 m)
= 13 m/s.




Q.29 The potential energy of a falling objsct of weight w from height h Is:

(A} mvt’ (B) Fd cos & (C) mgh (D) ma

Q.39 A 0.2 kg bead slides from rest on a frictionless curved wire.
(see Figure). The speed of the bead at G s

(A)B.26 m/s (B) 9.9 m/fs (C)2.52mfs {D)B8.85m/s (E)6.6mis

aA: v,=0 & E_,=U_, =mgh,
aC: h=0 &Emec,c=Kmax=%rTN§ax
E L




its kinetic energy is
(a) 4000 J (b) 400 J

(c) 380 J

A 6 kg block is released from rest 80 m above the ground. When it has fallen 60 m

(d) 3528 J

At height h =80 cm

E_=U+K=U__ =mgh=6x9.8x80=4704]

At height h =20 cm

E..=4/04J=U+K = mthr%m\/2 =6%9.8x20+ K =1176+ K

K =4704-1176=3528J
K =mg(h-h') =mg(80- 20)

V.. =+/2gh =~/2x9.8x80 =***]

U=80mg

80 m

v(at 20m) = ,/2g(h—h') = /2x9.8x(80—60) =***J

A

A A

60 m

i

U =20mg
K = (80-20)mg




Work Done on a System by an External Force

‘ No Friction Involved ‘

‘ W =AE —_— (work done on system, no friction involved),

| Friction Involved |

|Fd = AE . + fid.|

‘ AE, = fud (increase i thermal energy by shding),

If the friction results in change in the thermal energy

ﬁEﬂl =_,f'-:l;_-|:-'E ‘ Fff = ﬁﬁmﬁc + &E!I'I.' ‘

AE: change in any other type

In general W = AE = AEq,. + AEy + AEp,, ‘ of internal energy
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1
Emvé =mgh, —mgh

%Vg =mg(h,—h,) Vg =+/2g(h, — ) =2x9.8x3 = 7.7 ms

(2) What is the kinetic energy and speed at C?

2

aC: h.=0 & Emec,C:KC:%rnvmax

Ke =mgh, =0.2x9.8x6=11.8J
Vi = /20N, =+/2x9.8x6 =10.8m/s

= Emec,A = mhA
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