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While the owerall number of marks is 110, the student’s final grade will be out of 1040.
Example: if a student scores 75 on the exam, the mark will be 75 and if [s)he scores 107, it will be reported as 100 (maximum possible grade).
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uestions might appear in a different order in the actual exam, and bonus questions will be cdearly marked on the system {or on the exam paper in the cse of G3 and G4}
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As it appears in the textbook, LMS, and scheme of work (SoW).
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The 2 bonus gquastions will target LOs from the 50W. These LOs can be within the ones used for the main questions or any other ones listed in the SoW.
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Part( 1 and 2) MCO

Part (3) FRO

110

120 minutes

Calculator Allowed




Classify forces as either contact forces or field forces and realize that they result
from interactions caused by agents

As mentioned in the texthbook
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applied force

spring force

drag force

frictional force

normal force

Types of Forces

Contact forces: interactions Non-contact forces: attract or
between objects that touch repel, even from a distance

magnetic force

electric force

gravitational force




As mentioned in question 2 104
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Relate the mass of an object to it's weiEht

20. On Earth, a scale shows that you weigh 585 N.

Weight a nd M aSS a. What is your mass?

b. What would the scale read on the Moon (g = 1.60 N/kg)?

MASS Is a measure of the amount of matter In an abject, W ju=— m X g

WEIGHT Is a measurement of the gravitational force. 3 :
Weight Mass Becceleration of F _
gravity a) g - mg
Mass = 10kg Mass = 10kg Mass = 10kg m = 59. 7 kg
Welgh scales = 1.6kg Weigh scales = Okg

Weigh scales = 10kg
Weight =98 N

Weight= 16N Weight=0N

b) Fy = mg
=(59.7) (1.6)
=955N




List the characteristics of the interaction pair and identify the action-reaction ) o
. i . . As mentioned in Fig 15
3 |pairs for different situations
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NEWTON'’S THIRD LAW
The force of A on B is equal in magnitude and opposite in direction of the force of B on A.

Fﬁ\ on B — —FB on A Frahle an ball

Fhall an tabla

Force interaction pair between ball
and table.

e Ftiall-:n Earth
Sy
\."Ii

F Earih on bal %

Force interaction pair between ball
and Earth.

forcegare

The two forces acting on the ball are
-F'.;u'-lo anbal and FFarct"ﬁ mass an ball- These

|
Fta ble an ball

not aninteraction pair.




Determine the components of a vector in cartesian coordinate system using . o
. As mentioned in Fig 6
4 |trigonometry. 127
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Vector Components
Any vector can be “resolved” into two
camponenf vectors. How do we calculate
A and A, 7
Use trig!

. A 4 Ay
cosf@== sinB==

¥ &

A,=Acost A, =Asing

A, is the horizontal component — or x component --

h.+|}( A+y
of the vector.
A, is the vertical component — or the y component c/ic ‘,Cy '
1~y
— of the vector. ~ = ! '
B 1 Gy iB- R
RIS s e
A TRl J '
iAIr’ : 'qy :
L4 } " —hd i S
A, +X A, B, C, X +
Add the vectors graphically by placing Add the x-components together The magnitude of R can be calculated
them tip to tail. and the y-components together. using the Pythagorean theorem.
Algebraic Addition of v,ectors Figure & The vectorsumof 4, B, and Cis

the same as the vector sum of R, and R,




Relate graphically the frictional force to the normal force and find the coefficient

Az mentioned in Fig 12
5 |of kinetic Friction. -
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Figure 12 A plot of kinetic friction v. normal

KINET'C FRIETIDH FDREE force for a block PU"EI‘J H|C|FIQ different sur-
The kinetic friction force equals the product of the coefficient of a WS alinear r““”'“r'”: e
kinetic friction and the normal farce. the two forces for each surface. The slope of

F F the line is .
k = HiN Compare the coefficient of kinetic friction
for the three surfaces shown an the graph.
o~ ,
Table1 Kinetic Friction v. Normal Force (sandpaper) inetic Friction Ferce v- ormal Force
| z
1 0.98 0.53 =
1 2
2 1.96 0.95 o
n
3 294 1.4 :
4 3.92 1.8 @
=
5 4.90 2.3 ¥
6 5.88 31 : i |
7 6.85_3.3 0 1 2 3 4 5 6 7 8 9 10
L8 784 4.0 J Normal force (N)




Converting between different units to the basic units in the International System - SR R
E of Units 5 mentioned In question 148
lagl) Joui plladi § doluddl Oli>gll J) dabiseall ©las gl oo Jogorill 11 Jisew § 3950 92 LS
111. You ride your bike for 1.5 h at an average velocity of
10 km/h, then for 30 min at 15 km/h. What is your
average velocity?
Part1: Part2: Average Velocity:
d d total d
v = v —_ —
t t total t
d d 15+ 7.5
10 = — 15 = — = =—=
1.5 0.5 1.5+ 0.5
d =15 km d=7.5km 225
2
Averagev = 11.25 km/h




Perform an investigation to examine the forces that act on objects in free fall As mentioned in Fig 12

105
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v iFie The constant velocity that is reached
' when the drag force equals the force of gravity is
F,  Asuelocity called the terminal velocity.
Fg increases,
v 1"999  the drag force
| also increases.
¥ F‘;
F|:|rE|'§_|
v
l At this point,
F:srag — Fg
TFy The ball no

longer accelerates
because the net
force is Zero. 1is
Fiag lalling at its
terminal velocity.

—

g

Figure 12 The drag lorce on an objecl increases as its velocity
increases, When the drag force equals the gravitational force, the
abject is in equilibrium so it no longer accelerateas.




Apply Newton's Second Law to solve numerical problems As mentioned in question 10

8
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Newton’s Second Law

The force (F) acting on a moving object is the product of the
mass (m) and acceleration (a)

10. Kamaria is learning how to ice skate. She wants her mother to pull her along so that
she has an acceleration of 0.80 m/s?. If Kamaria’s mass is 27.2 kg, with what force does
her mother need to pull her? (Neglect any resistance between the ice and Kamaria's

skates.)
() FN Fnet —m.a

= (27.2)(0.8)
¢ > F, =21.76 N




State the conditions for an object to be in equilibrium

Apply MNewton's laws to solve problems involving normal and tension forces including \ . .
. . . As mentioned in question 84

systems of objects connected by strings and Atwood’s machine q 114

117

As mentioned in question 41

ilySu Wiy Aol plowert dalil U3 8 Loy jgllg didl 598 e Silwa Joud (35300 (198 Bl

O 2 055) el bog & e 81 Jlgm 3 )55 3o b
84 i J g5k 3o LS

395 Ally Jogutlld

41. What is the net force acting on a 1.0 kg ball moving

at a constant velocity?

Net force=0 N
Balanced forces = object will be stationary (stand

still) or move at constant velocity

84. Two blocks. one of mass 5.0 kg and the other of mass
3.0 kg, are tied together with a massless rope as in 3 kg Skg
Figure 28. This rope is strung over a massless, resis- A
tance-tree pulley. The blocks are released from rest. A FT
Find the following: Fr |3 kg moves up: | 5 ke moves down:
a. the tension in the 2 —
: t‘lL Lﬂ.hllﬂﬂ lTl 11.{n;:p{_“ L Fo.s = ma Fo.r = ma
L] ac [ : 1 3 .
y Yl e II:ECEF:'I.LIGH;J Lhe jl]{' Ir::- | ® FT _ % = ma Fg _ FT = ma
i e [ fio sim OUS rions.
int: You will n 0 solve o simu mmv-?m equarion Fr — (3)(9.8) —3.q (5) (9.8) — Fp = 5 q
= B - Fr—29.4=3.qa v 49 —Fr=5.a
Hﬁﬂ T«{ g g = Fr=294 1) g = Y9-Fr 2)
L) 3 T e
X a) Put (1) = (2): b) Put T=36/75Ninto (1):
! Fr—29.4 _ 49 —Fr T p—zo4 —
{ 3 : = =22
3.0 kg _{; 5(Fp — 29.4) =3(49 — Fr) 36.75 — 29.4
i =
o B 5.Fp — 147 =147-3. Fr 3
UKg =
Figure 28 < 8. Fr =294 245m/s
Fr=36.75N




Combine forces to find the net force acting on an object

Az mentioned in the textbook

il o _iES L!;_‘-_aﬁ'i.:jn L

9&

3) Subtract forces in opposite direction

s—> 225N F,, =225+ 165

165 N =390 N, right

10
Le e ‘j 8y dadl dlasuadit gall slasy (Seall s
Figure 7 The net force acting on an object Steps to calculate net Force:
is the vector sum of all the forces acting on D D ‘ bodv di ;
that object. ) raw iree- .O \ |agr-am -
2) Add forces in same direction
_|. ‘-
40N 40 N BO N 7) <€ ‘

Force exerted Force exerted Net force 165 N

by first dog by second dog on sled

on sled on sled

APPLICATION

6. Two horizontal forces, 225 N and 165 N, are exerted on a canoe. If these forces are
applied in the same direction, find the net horizental force on the canoe.

1. If the same two forces as in the previous problem are exerted on the canoce in
opposite directions, what is the net horizontal force on the cance? Be sure to indicate

the direction of the net force.

8. CHALLENGE Three confused sled dogs are trying to pull a sled across the Alaskan
snow, One pulls east with a force of 35 N, another also pulls east but with a force of 42
N, and a big third dog pulls west with a force of 53 N. What is the net force on the sled?

> 225N F . =225-165
=60 N, right

35N

8) < ‘—>>

53N 42 N

Fnet - 35 +42 - 53
- 24 N, East



Use free body diagrams to compare the direction of an object’s acceleration
with the direction of the unbalanced force exerted on the object

Az mentioned

in the textbook

11 104
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13. Which one(s) of the following free iEEN & & &
body diagrams depict an object won 15K &N 5N &N
accelerating to the right? Circle all EE&‘] > @ QE'.IE ol
that apply.
25N 2N 25N 25N
14. In the diagram above, which of 4 L 4
the objects would be at rest? What a, b, . d.

must be true about the forces if an object is at rest?




Describe the apparent weight for an object accelerating vertically upward or downward

As mentioned in the textbook
12 (starts from rest, reaches a constant speed, then comes to a stop) 202
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« Apparent weight is the support force
exerted on an object (= the reading on the
scale)

« Apparent weight (scale reading) depends
on how you are accelerating.

> If you accelerate up:

HG eater than scale reading » real weight
=

normal weight

E,]if) *"II|‘))

> If you accelerate down:

scale reading « real weight

> If you are stationary or moving at
constant velocity:

Zero weigh

scale reading = real weight

* Weightlessness: when there are no contact
forces acting to support the object and the
object’s apparent weight is zero. (the lift
cable breaks, and it falls at gravitational
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Define the normal force and use examples to show that the normal force is not always
equal in magnitude to the weight of the object

As mentioned in Fig 13

szl g Ladls ($gleud Y Ao ganll Bedll O Ol dikal il g &p0aa)l 9l pogia gl
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FﬂzmngnE'!':ﬂ Fﬂ{mg,Fnez:D

The Normal Force

Fy>mg Fee=0

Figure 19 The normal force is not always

equal to the object’s weight.




Fe2 190N

Real Weight X

The contact force of the scales is equal and
opposite to the weight of the suitcase, so the
scales read the correct weight of the suitcase.

Low Apparent Weight X

The hand is pulling up on the suitcase, so there
is less contact force exerted by the scales on the
suitcase. The apparent weight is less than the
real weight.

High Apparent Weight

The hand is pushing down on the suitcase, so
the contact force from the scales increases. The
apparent weight is more than the real weight.



Draw a vector and determine its magnitude and direction given its components.
Determine the magnitude and direction of the resultant of two vectors in two

As mentioned in guestion 1
fig 3+ and Example 1

dimensions using trigonometry, the Pythagorean theorem (case of perpendicular
14 |wvectors), and the laws of sines and cosines. —
AE ] LR2g anlndly ojlids dudods Anis puu: L Ho 35 g0 123 + 124
" LI R ] ot - gafa 1w N A = nE = = i L'j-“l'j":l Mj‘ﬁ
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Resultant - There is a 90° angle:

s

3N oo

L] ; ¢ H
4N 4N

Resultant= +/4°+3° =5N

tan'i(3/4)= 36.9°

3N

Angle 0 =

Resultant - There is NOT a 90° angle:

sin(A) smiB) s

(for finding sides)

Cosine Rule
I S T 2hecos(A)

(for finding sides)



Vectors in Two Dimensions (90°) '%%Main Concep,
* Algebraic Method:

1) If vectors A and B are perpendicular (90°)

—.» use the Pythagoras theorem to find the size of the
resultant vector.

Pythagoras Theorem




Vectors in Two Dimensions (not in straight line) __
 Algebraic Method: ] T%@%Main Concep 7

/
2) If vectors A and B are NOT el
perpendicular (NOT 90°)

t

|

- use the law of sines or the law of
cosines. f y /

When you know the
valueof @ and also 1
other pair (side and

angle)

Law of sines

When you know the
value of 8 and also 2
other sides

Law of cosines




Draw a vector and determine its magnitude and direction given its components.

Determine the magnitude and direction of the resultant of two vectors in two As mentioned in guestion 1

dimensions using trigonometry, the Pythagorean theorem (case of perpendicular fig 3+ and Example 1
14 |wvectors), and the laws of sines and cosines. —
AE ] LR2g anlndly ojlids dudods Anis puu: L Ho 35 g0 123 + 124
" LI R ] ot - gafa 1w N A = nE = = i L'j-“l'j":l Mj‘ﬁ
A.“n.'l-} sl d._.'-_,ha ¢ L s Ial.lu.-.hu.a.ll._l b H& L EL' tlomaly gldss Slow 1 Jiadi + 3 i
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1. A caris driven 125.0 km due west then 65.0 km due south. What is the magnitude
of its displacement? Solve this problem both graphically and mathematically, and

check your answers against each other.

Resultant - Is a 90° angle?

< 125 km
R? = 1252 + 652
65 km R = /1252 + 652
= 140.9 km

R = displacement



Your try...

Example 1 (p 124)

Problem

Find the magnitude of the sum of a 15 km
displacement and 25 km displacement when the
angle 6 between them is 90° and when the angle 6
between them is 135 °.
Response

1) SKETCH AND ANALYZE THE PROBLEM
» Draw a vector diagram and add the vectors

graphically.
e List the knowns and unknowns.
KNOWN UNKNOWN
A=25km 6=90°o0rf,=135" R=7
B =15 km
A B
8.
A
R

) CV/COnC
El SOLVE FOR THE UNKNOWNL‘ Check

When the angle 0 is 90°, use Pythagoras
theorem: p2 =42+ B2

R=+ A? 4B°

= v/ (25 km)2 + (15 km)?

= 29 km

When the angle 6 is not 90°, use the law of
cosines:

R? = AZ + B? — 2AB(cos #-)

R =\/AZ + B2 — 2AB(cos 6-)

= /(25 km)2 + (15 km)2 — 2(25 km)(15 km)(cos 135°)

=37 &m

El EVALUATE THE ANSWER

* Are the units correct? Each answer is a length measured in Kilometers.

* Do the signs make sense? The sums are positive.

* Are the magnitudes realistic? From the sketch, you can see the resultant should be
longer than either vector,




Define the coefficients of kinetic and static friction. As mentioned in the textbook
15 132
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STATIC FRICTION FORCE
The static friction force is less than or equal to the product
of the coefficient of static friction and the normal force,

FsiﬁsFN

In the equation for the maximum static friction force, . is the
coefficient of static friction berween the two surfaces. The maximum
static friction force that must be overcome before motion can begin is

Ly What is the Coefficient of Friction?
Friction i = the measure of the
Friction Force amount of interaction
Coefficient of Friction between 2 surfaces

Kinetic —> F i F ir
|Sttic—spe | = ui——”r;;”” ps = mﬂ—ﬁr:,‘g”' =
= N
Hs > Hi F Frequired to move the
mi— object at constant
by SPeed.
mg D<u<1
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Recall that for an object to be in equilibrium, the net force acting on it should be As mentioned in Figs 14+15

— 136+137
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Recall that when the net force on an object is zero, the object is in
equilibrium. According to Newton’s laws, the object will not accelerate
because there is no net force acting on it; an object in equilibrium moves
with constant velocity. (Remember that staying at rest is a state of
constant velocity.)

.

Figure 14 The ring does not accelerate, so the net force acting on it must be zero.

Compare the vertical component of the force pulling up and to the right to the weight
of the mass hanging from the ring.

Figure 15 The forces acting on the ring
sum to a zero net force,




. Relate the direction of the acceleration to the direction of the net force As menticned in Figd -

dliaseall Baill sladly gyl sladl fp b | & JSEN G 558la ga LS

Newton’s second law states that the acceleration of an object is
proportional to the net force and inversely proportional to the mass of the
object being accelerated. This law is based on observations of how forces
affect masses and is represented by the following equation.

NEWTON'S SECOND LAW

The acceleration of an object is equal to the net force acting on the object divided by the mass
of the object.

_ Fnet
Fy=100N a=—"
F,=100N F,=100N Fo =100 N F,=200N F,=100N
Foet=0N Fret = 200 N Fpet = 100 N
Equal forces Equal forces Unequal forces
Opposite directions Same direction Opposile directions

Figure 4 The net force acting on the table
is the vector sum of all the forces acting on
the lable. This case only considers the hori-
zontal farces acting on the table.




Calculate the apparent weight for an object accelerating vertically upward or
18 |downward

As mentioned in Example 3
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Example Problem 3

Problem

Your mass is 75.0 kg, and you are standing on a bathroom scale
in an elevator. Starting from rest, the elevator accelerates
upward at 2 m/s? for 2.00 s and then continues at a constant
speed. Is the scale reading during acceleration greater than,

equal to or less than the scale reading when the elevator is at
reqt?

SOLVE FOR THE UNKNOWN

Response

SKETCH AND ANALYZE THE PROBLEM
» Draw the situation and a free-body diagram.

» List the knowns and unknowns.

KNOWN UNKNOWN
m = 75.0 kg Fecate = S ]T f
g = 2.00 m/s? . ' S
t=200s
g = 9.8 N/kg I 1;

Elevator at rest:

Foet = Fscale — Fg
0 = Fscqrte —m. g

Fscare =m. g

Fscare = (75)(9.8)

=735N

Elevator at rest:

Fret = Fscale_Fg
m.a = Fgcgre —M. g
Fscale =m.a+m.g

Fscare = (75)(2) + (75)(9.8)

=885N

The scale reading when the elevator is accelerating
(885 N), is larger than the scale reading when the

elevator is at rest (735 N)

FVALUATE THE ANSWER
Are units correct and does sign makes sense?




Draw the free body diagram and apply Newton's Second Law for an object

. . . . . s Ined in question 18 18 J4 4
movig on a horizontal surface involving friction. J

19

133
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18. Marwa exerts a 36 N horizontal force as she pulls a 52 N sled across a cement
sidewalk at constant speed. What is the coefficient of kinetic friction between the

sidewalk and the metal sled runners? Ignore air resistance.

Ay Fnet = 0 N (constant speed)

Ff = Fy (Fleft = Fright)

> F, =36 N
H'FN=36

— 52N u.(52) =36 (Fy = Faown o1 Fy = Fy)

(Q'T] <€

36
H= 31

=0.69



20

Solve problems for an object on an inclined plane with and without friction

As mentioned in Example 5
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Use with Example Problem 5.

Problem

Jeff, who weighs 640.0 N, sits on the slope of
a hill that descends at an angle of 35.0° from
horizontal. What are the components of his
weight parallel and perpendicular to the
surface of the hill?

Response

SKETCH AND ANALYZE THE PROBLEM

» Choose axes such that +y is downward and
normal to the slope, and +x is down the
slope.

« Draw a vector diagram and indicate the
components of F .

 List the knowns and unknowns.

KNOWN
F,=640.0N
6=35.0°
UNKNOWN

Fu=?
=72
ng :

SOLVE FOR THE UNKNOWN

EVALUATE THE ANSWER
 Force is in newtons, so the units are correct.
« The components of Fg are smaller than Fg itself, as

expected.

« Use trigonometry to find the components of weight.



]
]

Determine the magnitude and direction of the resultant of two vectors in two

dimensions using triconometry, the Pythagorean theorem (case of
7

perpendicular vectors), and the laws of sines and cosines.

As mentioned in fig 3

and Example 1
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g Apply Newton's laws to solve problems involving normal and tension forces A S S
g - including systems of objects connected by strings and Atwood’s machine e 117
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Same as slide 11

Undisclosed Undisclosed
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Bonus Clue stic

Undisclosed
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