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Lecture Content

General problem solving strategy

Position, velocity, and speed (Average and
Instantaneous)

Acceleration

Motion diagrams
Constant acceleration motion
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Problem solving strategy
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Problem solving strategy (1)
Conceptualise

Think about and understand the situation (Diagrams, figures,
tables)

Construct a movie in your mind of what is happening

Make quick sketch to the problem

Focus on numerical and algebraic information

Look for key phrases (stops, start from rest, free falling)

Focus on the expected result of solving the problem (What is
exactly the question is asking for?)

Don’t forget to incorporate information from your own

experience and common sense (can the speed of an ordinary
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Problem solving strategy (2)
Catagorise

After you understand the problem, simplify the
problem. By removing non important details to the
solution.

Categorise the problem, is it simple plug-in
problem? Or you need to think and analyse more
deeply.

Have you seen this problem before? Do u solve

similar problem before?
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Problem solving strategy (3)
Analyse

Select relevant equations to solve the problem
Use algebra and Calculus to solve for the
unknown parameters

Calculate the result and round it to the appropriate

significant figures.
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Problem solving strategy (4)
Finalise

This is the most important part.

Examine the numerical result, Does it have the
correct unit?

Does it meet you expectations of you
conceptualisation in stage 1

Does it make sense?

Think about how this problem compares with the

other you already solved before.

Is it new problem you didn’t solve before? Make it
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Motion

Study the kinematics (motion in space and time)
of particles (having mass and negligible size)
without studying the cause of maotion.

Motion types: translational, rotational, and

vibrational motions.
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Position

If particle position in space is know at all time, the
motion can be evaluated.

Position is the location of particle in space at certain
time and usually with respect to a chosen reference.

Position of the Car at
Various Times
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Position — time graph
If particle position in space is know at all time, the
motion can be evaluated.

Position is the location of particle in space at certain
time and usually with respect to a chosen reference.

Position of the Car at
Various Times

Position xm)
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Displacement

Displacement is defined as the change (4) in
particle position during time interval.
Initial position is x; and final position is X,

displacement = Ax = X; — X;
Distance is the length of the path travelled

Distance is not the same as the displacement.

Displacement is a vector, while distance is scalar.

Exampl
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Velocity

Average velocity is defined as ratio of the displacement
(Ax) of a particle in a time interval ( At).

The average velocity can be positive or negative.
Average speed is defined as the ratio
of the distance of a particle to the time
Interval.

total distance

Averace speed = =
BE P total tme
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Instantaneous Velocity

When the time interval becomes small, approaches
zero, the limiting velocity is the instantaneous velocity

We will use the term velocity to denote for
Instantaneous velocity

Instantaneous speed is the absolute value of the
velocity.
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Example
x(m)

A particle moves along the x axis. Its positon varies with 10
. . . o .
tume according to the expression x = —4f + 2{= where x is
in meters and {is in seconds.” The position—time graph for
this motion 15 shown in Figure 2.4, Note that the partcle
moves in the negative x directon for the first second of mo- Slope = 4 m/s
tion, is momentarily at rest at the moment (= 1 s, and ;”.
moves in the positive x direction at umes § == | s, I P 4

P Slope = -2 m/s %

mtervals i = 0t f=lsandi=1lstwoi= 9=

ra
(A) Determine the -clisplan:ement of the particle in the tame ;’
@& /
&
e, '!ll'll ra
i, i
e &

(B) Calculate the average velocity during these two time in-
tervals.

(C) Find the instantaneous velocity of the particle at = 2.5 s,

= Xp— %= xXp — XA
[—4(1) + 2(1)%] — [—4(0) + 2(0)*]

Veia—B) —

—2m

= Xp— X; = xXp— Xp
= [—4(3) + 2(3)?] — [—4(1) + 2(1)7]

_
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Acceleration

Average accelerationis defined as ratio of the change
In velocity (Av) of a particle in a time interval ( At).

Average acceleration can be positive or negative.
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Example

The velocity of a particle moving along the x axis varies in

time according to the expression v, = (40 — 5¢=)
where fis in seconds.

(A) Find the average acceleration in the time interval { = 0

o f = I:E” 5.

B) Determine the acceleration at { = 2.0 s,
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Constant acceleration mgtign
(in one dimension) |

| Slope =

mi

Uy = Uy + i, (for constant a,,)

(for constant a,)

Xp— xy =Tt = %fs-ﬂ- + v

1.
xp= X;+ 5(th + V) (for constant a,)

Xp= x; + % [v, + (o + a.d)]f

Slope = 0

0 c ;o e u
t'_g‘g = Uy + Za, (X — xy) (for constant a,) 1
.

1 r
Xp= X+ Ugt + 3 @t = (for constant a,,)
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Example

A jet lands on an aircraft carrier at 140 mi/h (=63 m/s).

(A) What is its acceleration (assumed constant) if it stops in

2.0 s due to an arresting cable that snags the airplane and
brings it to a stop?
(B) If the plane touches down at position x; =0, what is the

final position of the plane?

00— 63m/s

0+ (63 m/s + 0)(2.05)
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Example

A stone thrown from the top of a building is given an initial
velocity of 2000 m /s straight upward. The building is 50.0 m
high, and the stone just misses the edge of the roof on its
way down, as shown in Figure 2.14. Using fs = 0 as the time
the stone leaves the thrower’s hand at position @, deter-
mine (A) the time at which the stone reaches its maximum
height, (B) the maximum height, (C) the time at which the
stone returns o the height from which it was thrown,
(D) the velocity of the stone at this instant, and (E) the veloc-
ity and position of the stone at § = 5,00 s,

(A) At maximum height v,z = 0, g = —9.80 m/s2

Uyp = Tya T @yl

0 =20.0m/s + (—9.80 m/ st
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=0

=0
ihe = 2000 m /s
dyp = =S80 m/s

[

fg=2.04s

g =204 m
g =10 .
fiyg = =080 m,/s"

© i=408s
V=10
e = —20.0 m,’s_
fyg = —9.80 m/s”

DO f=5.00s
ip=—225m

g =—29.0 m/s

typ = —9.80 m/s”

b=583s
e =-00h0m

E) vye=-37.1m/s
JE 2
iye = 980 m /s




Example

A stone thrown from the top of a building is given an initial
velocity of 2000 m /s straight upward. The building is 50.0 m
high, and the stone just misses the edge of the roof on its
way down, as shown in Figure 2.14. Using fs = 0 as the time
the stone leaves the thrower’s hand at position @, deter-
mine (A) the time at which the stone reaches its maximum
height, (B) the maximum height, (C) the time at which the
stone returns o the height from which it was thrown,
(D) the velocity of the stone at this instant, and (E) the veloc-
ity and position of the stone at § = 5,00 s,

(B) What due you expect (v, t, y)

0+ (20.0 m/s)(2.04s) + 3(—9.80 m/s%) (2.04 5)*

20.4 m

Dr. Feras Fraige Physics |

=10
Ya=0
i = 200m/s
s = =580 m/ -;

'

fg=2.04s

g =204 m
thg =1
fyg = =480 mh

© i=408s
V=10
o = —20.0m/'s_
iy = —9.80 m/s”

@ i =500 s

ip=—225m
g =—29.0 m/s
fyp = =980 ms”

b=583s
e =-00h0m
B ve=-371m/s
iye = —9.80 m /s




A stone thrown from the top of a building is given an initial
velocity of 2000 m /s straight upward. The building is 50.0 m
high, and the stone just misses the edge of the roof on its
way down, as shown in Figure 2.14. Using fy = 0 as the time
the stone leaves the thrower’s hand at position @, deter-
mine (A) the time at which the stone reaches its maximum
height, (B) the maximum height, (C) the time at which the
stone returns o the height from which it was thrown,
(D) the velocity of the stone at this instant, and (E) the veloc-
ity and position of the stone at § = 5,00 s,

al do VO s10]0 2 DO A
0 3 2 DO 0

_—
i
Il

Ya + yal + agt?
D=0+ 20.0f —4.90¢°

f20.0 —4.906H =0

t=408s ="

-II.A= t?

o — '.:| ..-'.

Uya = 200 m/s .
— i et

.:*.'_TA——_I.HI m, &

N - qe » 4

1©

v =204 m
ihg = (

R o
_ I 3 Jes
g = =B my s

|.'I|:=
Ve = U

Yye = _-:-
— [l Fg
My = —talhmy/ s




Example

A stone thrown from the top of a building is given an initial
velocity of 2000 m /s straight upward. The building is 50.0 m
high, and the stone just misses the edge of the roof on its
way down, as shown in Figure 2.14. Using fy = 0 as the time
the stone leaves the thrower’s hand at position @, deter-

mine (A) the time at which the stone reaches its maximum
height, (B) the maximum height, (C) the time at which the
stone returns o the height from which it was thrown,
(D) the velocity of the stone at this instant, and (E) the veloc-
ity and positon of the stone at § = 5H.00 s,

(D) What do you think about the velocity G = 2.045

- , , S P TR e = 210,
e = i + :‘I.I..!' = 20 m/s + (—4.s0m/ S‘:_:I (.0ks 5) _.'IE' — +m
- = - |.--|IE; -

dyg = —9.80 m/s”

= —20.0m/s

fy = U |
A= i I'l:_:-_‘l L|I|:: =408 s

g = 2000 m/s Yo =U

iy = =280 m/s
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Example

A stone thrown from the top of a building is given an initial
velocity of 2000 m /s straight upward. The building is 50.0 m
high, and the stone just misses the edge of the roof on its
way down, as shown in Figure 2.14. Using fs = 0 as the time
the stone leaves the thrower’s hand at position @, deter-

=0
=0
ihe = 2000 m /s

dyp = =S80 m/s

[

fg=2.04s

g =204 m
g =10 .
fiyg = =080 m,/s"

© i=408s
V=10
e = —20.0 m,’s_
fyg = —9.80 m/s”

mine (A) the time at which the stone reaches its maximum
height, (B) the maximum height, (C) the time at which the
stone returns o the height from which it was thrown,
(D) the velocity of the stone at this instant, and (E) the veloc-
ity and position of the stone at § = 5,00 s,

(E) What do you think about the velocity

® f=5.005

225 m

{.1-Th

o = tya + ayt = 20.0m/s + (—9.80 m/s%)(5.00 5)
= —200m/s

What if the building is 30 m high? What will
Change?

o=
g =—29.0 m/s
typ = —9.80 m/s”

L
LHIE

b=583s
e =-00h0m

E) vye=-37.1m/s
JE 2
iye = 980 m /s
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Kinematics equations derived from
Calculus

How to find the pE™
position from the
velocity graph?

Ax= lim v, At,
Ar,— 07

i

;
v, (1) di

Jim e, = |

EI.

—|  |—

Aly

Displacement = area under the v-f graph
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Special case 1. Constant velocity

Uy =iy =0C Onstant

At

=l ; ~ i:..l -.t. :

.&. L ..":.!]"l]' 0 E Uen ":“-ln — -I'-l'-'_t{ i) At

*
I o i
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Special case 1: linear velocity
(Constant acceleration

1;-

.&. X — I Tl E Uen 1':"5.1; — l -I'-l'-'_t{ i) At
Jg

ﬁ!‘n — I|.I "

1. ., 1
Ax = o gl la,lp) = 7 Hx '!'L-'“'-E

i

—
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Kinematics equations

How to find the position,
velocity from the acceleration
mathematically?

i1
il
i

-:'I_,_.’ df = At — ()
o |:-_|

here a, IS constant
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Kinematics equations

How to find the position,
velocity from the acceleration
mathematically?

If &, IS constant
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Example

The speed of a bullet as it travels down the barrel of a rifle toward the opening is
given by v=(-5x107) t 2 + (3 x10°) t, where v is in meters per second and t is in
seconds. The acceleration of the bullet just as it leaves the barrel is zero. (a)
Determine the acceleration and position of the bullet as a function of time when the
bullet is in the barrel. (b) Determine how long the bullet is accelerated.

(c) Find the speed at which the bullet leaves the barrel. (d) What is the length of the
barrel?

f t oo __
x—0=|odt=|(-5.00x107#* +3.00 x 10°¢)dt
0 0 "
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Example
The speed of a bullet as it travels down the barrel of a rifle toward the opening is
given by v=(-5x107) t 2 + (3 x10°) t, where v is in meters per second and t is in
seconds. The acceleration of the bullet just as it leaves the barrel is zero. (a)
Determine the acceleration and position of the bullet as a function of time when the
bullet is in the barrel. (b) Determine how long the bullet is accelerated.

(c) Find the speed at which the bullet leaves the barrel. (d) What is the length of the
barrel?

The bullet escapes when 2 =0, at —(10.0 x1 0’ 11"LII.-"I;53 Jt+3.00x1 0° l'.'L"L-:I' =0

3.00%10° s
10.0 % 107

2

x=—(167x10 ’ )(3.0010~ ] ) s (15010 > )(3.00 %10~ . ]

r=—0450m+1.35m=| 0.900 m
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