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Vectors

> Scalars Vs. Vectors:

Scalar quantities are numbers and combine according to the usual rules of arithmetic.

Vector quantities have direction as well as magnitude and combine according to the rules
of vector addition.

> Vector addition:

> Scalar product & Vector product:

The negative of a vector has the same magnitude but points in the opposite
direction.

R, = A, + B,
Vect i ts of vectors. _
_éec orj, ccrLbe added by using components of vectors R, = A, + B,
R= A+ B R.=A. + B.

Unit vectors describe directions in space. Unit vector has

A= A0+ A + Ak
L J P .

a magnitude of 1.

Scalar pmduu,( -B = ABcosd
- — > =
A.B = ABcosf = |A||B| cos6
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Question 1:

— = . 2 A 1 \
- Consider the two vectors shown below. The two vectors have magnitudes of [A| = 20%nd @ ’s
|§| = 20. The small angles the two vectors make with the x-axis are 4 = and 0p = 44°. d
' \

\

Determine the magnitude of the vector [6’ | given by: i
—

—

C—-44A-1B
M
Please express your answer using zero decimal place. -
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Kinematics

+yj+ zk G =270 _ Av
. . . Y oon-n At
, rn—=r Ar
UV, =—"=— ' :
Yon-g Ar d = lim ib=d—u
- M—0 Ar  di
Aw d -
U= du, duy, _ auv;
g, =— ay=— 97 I
’ dr ’ ot L
idx Lay '
= — = — |l__1: = —
dr di dr

Projectile motion:

In projectile motion with no air resistance, ax = 0 and ay = -g.
The coordinates and velocity components are simple functions of
time, and the shape of the path is always a parabola. We usually
choose the origin to be at the initial position of the projectile.

‘i ;nstant r-agceleration onl>_

Uy = Uy + a,f

& M + vg,t + %fol

P 2 = pg,’ + 2a,(x — xp)

x = X = 3(vg: + vt

X = [UpCOscq )T

. 1 .2
¥ = (vgsinag)r = gt
Uy = Uptosdy

v, = Upsinog — gf
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Uniform and nonuniform circular motion:
e~ A~

When a particle moves in a circular path of radius R with constant speed
motion), its acceleration d is directed toward the center of the circle and
perpendicular to ¥ .

If the speed is not constant in circular motion (nonuniform circular motion),
there is still a radial component of d , but there is also a component of d

parallel (tangential) to the path. This tangential component is equal to the

v (uniform circular

rate of change of speed, dv/dt. o,
- T —.
d|o| 2R 47°R
an di U= —T g = 3
g S .
Relative velocity: _ WE &
Upfax = Upfex + Ugfax LN

When a body P moves relative to a body (o
reference frame) B, and B moves relative to a

body (or reference frame) A. ﬁPfA = i"P,.-’E + g

(relative velocity in space) —@

(relative velocity along a line) =

LT ,71’ (plane)

> B (moving air)

5 ¢
)
6 &——A (ground

observer)
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Question 2:

Apml S position ingth _axis g‘( the q t “‘\ i
w il | ‘ |

: where  is in meters and ¢ is in seconds. What is this particles average welocity bet
P{ = nits of mfs

wee
with zero decimal plac
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Question 3:

A particle is moving in three dimensions and
its position vector is given by;

) N
F() = (1.2 + 3701+ Bt = 2.17 + 248 + L) K
WE= 2

W

where r is in meters and 7 is in seconds.

Determine the magnitude of the
O .

instantaneous acceleration att = 2s.
"\-‘———/"_—

- . p) .
Express your answer in units of m/s~ using
one decimal place.

—~ A AT
Q:/__ ) -

0 X

N D 1 N
s (2t 4 VT (’Q)J"(}‘Qt —\—’L> *

A g

\\ <\ @0t Y 180
_ 2%:3994

—

—
3 -

7R+ 9 N/J

05528598792



Question 4: g«z& %ob'\

A stone is dropped off a cliff. After this stone has traveled i
a distance o, a second stone Is dropped, Assuming no air \, l}

resistance, until one of therm hits the ground, the distance

Bselwean The i sTodes will ahdwayss
-

Hide ansyer chires A 0

@ destrease &0 first, But then tay constant, e

decrease
@ incresse at Nrst, but then stay constant

G Incorrecr:
stay constant.

@ imCremge, COITELT frsyvar
(—\/_
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Question 5: — >
a

It the initial velocity ¢ g In one dimension

|;fr,:1 NAas ¢ @ acceleration, it will speed
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Question 6:

The slope of a line connecting two points on a velocity

‘\’6
versus time grapn giwes;
Hide answer choices A

Instantaneous veloc ity ’(

average velocity o

QRONO,

instantaneous acceleration o

average acceleration Correct

N2
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Question 7:

A rock is thrown directly up an with an initial velogity of

vy =259 m/s at instant A as shown in the figure below
A N‘ <

AS It moves up, It will reach a certain height h = 12.4m at

—
insant B. It comes back to the same neight during Its fall

from the maximum height at instant €. Determine the

ume it takes for the rock to go from A to €. Express your

f

answer using one decimal place in units of seconds. Jake

e=Y9.581 m/s

'\:‘i
\é
/

oGl ) S 0 - MY
(}'q-: U:" — bd

A= C:

gcz Dﬁ oY l};‘E -—53_03“{\'

2y = 0 (92591 - S;L(WZ\HZ
U905 E229. 9k iy = o

\éls ’('(‘q'lfg SD

Eq: o-H12L 31\ N\
- 4% 5\ S

-

05528598792




Question 8: - I

A projectile is launched from ground as A x= 0 Ay = —

shown in the figure below. Ifgz,,,(,_\. =27m ; N = Ki+ d—:%&;*\ ,A '6‘2"(];&- (}\'3 J( "L-,ﬂ\{‘

and the angle the launch velocity makes with

the horizontal is @ = 37°, determine the L);,'—' G < @g(' \0-3_, Uiy — 3{
horizontal range. Take g = 9.8 1m/s* and _ L \\]
/ o

express your answer in units of meters with A¥ ¢ \)’ U' .\(

zero decimal places. 4} J e I 8
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Newton's Laws of Motion

E< N\\“‘

Newton’s first law states that when the vector sum of all forces acting on m—n *
a body (the net force) is zero, the body is in equilibrium and has zero 4 2
acceleration. If the body is initially at rest, it remains at rest; if it is
initially in motion, it continues to move with constant velocity.

Newton’s first law:

Newton’s second law:

Z¢= Mmo-

P
d = XF[m

The inertial properties of a body are characterized by its mass. The
acceleration of a body under the action of a given set of forces is directly
proportional to the vector sum of the forces (the net force) and inversely

proportional to the mass of the body. This relationship is Newton's second F X
law. Mass m

Newton’s third law and action—reaction pairs: B

Newton’s third law states that when two bodies interact, they exert forces ‘ ) Ficas
on each other that are equal in magnitude and opposite in direction. These A R ,:2./"&“‘ 4
forces are called action and reaction forces. Each of these two forces acts &
on only one of the two bodies; they never act on the same body Fgons

'F.-i‘u on B — FB on A

—>le—
<(\'\ %‘\\

=5

1. Weight 2. Normal force 3. Applied force 4. Tension force 5. Friction force

T
Friction force:

The contact force between two bodies ) o
can always be represented in terms of Magnitude of kinetic friction force:

=en

surface of contact and a friction force f Magnitude of static friction force:
parallel to the surface.

Static
friction

normal force 71 perpendicular to the () max

A -
A

Kinetic
friction

£ = (F)mae = pon

-— ol

Forces in circular motion:

In uniform circular motion, the acceleration Acceleration in uniform circular motion:

vector is directed toward the center of the o 4R v ' SF :
circle. Gad = = T3 (5.13), (5.13) \ : !
\\ F-I:: i Erad /l
NL v ) B
?S(g N 2o O
B =S —_—
e i W
—
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Question 9:

Two blocks (m,= m, = 5kg) are connected by a string that

passes through a massless pulley as shown in the Figure.

The first block with mass m, slides on an inclined plane

When the system is released. The inclined plane makes an

angle 8 = 37° with the horizontal and the kinetic friction

coefficient between the inclined plane and my is py = 0.5.
~—T )

a) Draw the free body diagram for each block.
/ g alag
) Determine the acceleration of the blocks.

(/c) Determine the tenSion on the String.

%-7 \0 A (\
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Question 10:

A puck of mass m, is tied to a string and allowed to revolve in a circle of
radius R on a frictionless, horizontal table. The other end of the string
passes through a small hole in the center of the table, and an object of mass
m, [s tied to It.

The suspended object remains in equilibrium while the puck on the tabletop

Y . I TN
revolves. Find expressions for

(a) the tension in the string,

(b) the radial force acting on the puck, L):L i;’ —  (N\O~
(¢) the speed of the puck. a‘,&_ 7 —_—
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