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1. POSITION, VELOCITY AND SPEED

: real number x, Vector: real number with direction
xi, where the number is just the length of the vector

Position — a vector to note the direction and distance from the origin

—1.2X or'— 1.21 3x or 31
Displacement — a vector, variation of the position

Notation - AX = X — X;, wherex;and %, are initial and final position

Example: The initial position of an object is ¥; = 107 and its final position is X = 4.21.
What is the displacement?

AR = %p — %; = 4.20 — 10i = —5.80



1. POSITION, VELOCITY AND SPEED

Distance — a scalar corresponding to the displacement
Notation - |AX| = |%; — %;|

Example: The initial position of an object is X; = 107 and its final position is ff = 4.21.
What is the distance of its movement?

|AX| = |%; — %;| = |4.28 — 10%|] = |-5.8¢| = 5.8
average Velocity — a vector, The displacement divides by the period of fime.

: R Zp—Ri
Notation - Vg, = _fAt ‘

average Speed - a scalar, different from the average velocity.

total distance traveled
At

Notation - vg,4 =



1. POSITION, VELOCITY AND SPEED
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1. POSITION, VELOCITY AND SPEED

Example: A particle is moving along the x-axis. Its initial position is X; = 121 (m) at
time t; = 1 (s) and its final position is X; = 2 (m) at time t; = 4 (s). Find out its
displacement and average velocity during the time interval.

Displacement: Ax = x; — x; = (2 — 12)i = =107 (m)

Distance: |Ax| = |—10i] = 10 (n)

~101 10 ,
o Al

average Velocity: U,y = 2/, =



2. INSTANTANEOUS VELOCITY AND SPEED

Velocity — a vector, The infinitesimal displacement divides by the
infinitesimal period of time.

Notation -v = lim . = lim M e )
At—0 At AtD0  AC AL0 At
_dx(t)
i
Speed - a scalar, The norm of the average velocity.

Notation - v = [#| = |dx(t) | = &

dt

http://588ku.com/image/qicheyibiaoban.html



2. INSTANTANEOUS VELOCITY AND SPEED

Example: The position of an object moving on the x-axis varies in time according to
the equation X(t) = (3t2 + Zt)i, where x is in meters and t is in seconds. (a) Find the
velocity as a function of time. (b) Find the average velocity in the intervals between
t=1andt = 3s.

Position (m)

50¢

The velocity: 4(t) = lim 2 (e+At)—x() i
24 2(t4+AL) AE;tg+2t) . .
. 3(t+At)“+2(t+At)—- A - 10t
=] = (6t+2)l (M .
A%r—>n0 A l ( + )l ( /S) : : i i Time (s)

x(3)-%(1) _ 33-5
3-1 2

Compared with v(1) = 8i (m/s), v(2) = 14i (m/s),
v(3) = 20i (M/s)

i =141 (Mm/s)

The average velocity: 4,4 (t) =



3. MOTION WITH CONSTANT VELOCITY

Object in constant velocity motion, its instantaneous velocity is v(t) = vyi. As you
know the velocity, you can find out its position as a function of time by integration
with a specified constant of x(t = 0) = x(0) = x,.

v(t) = vyl
X(t) —%o
t—0 = Vqvg

ES voi f(t) - .7_50 = voti f(t) = fo + voti

=B(t) = vl di(t) = vydti

f di(t) = f vodth jx @) = jo od (e

f(t) = .7?0 + voti



3. MOTION WITH CONSTANT VELOCITY

Example: A particle moves with a constant velocity v(t) = 5.01 (m/s).
The position is X¥(2.0) = 10f (m) at t = 2.0 (s).

(a) Please find the position as a function of time.

(b) Please find its position at ¢ = 10 (s).

dx(t)
dt

x(t) t
J dx = ij 5.0dt
101 2.0

X(t) = (10 + 5.0(t — 2.0))¢ = 5.0t% (m)

= v(t) = 5.00

%(10) = 50% (M)



4. ACCELERATION

average Acceleration — a vector, The velocity variation
divides by the period of time.

. 5 Vr—V;

Acceleration — a vector, The infinitesimal velocity variation divides by
the infinitesimal period of time.
: - . U=V . v(ty)-v(ty) . D(t+AD)-B(t
Notation - @ = lim £2— = lim Bep) v _ i ZEHA0=v(®)
At—0 At At—0 At At—0 At

S s dv(t)  ad%x(t

Derivation - d = £28 = £X(0)
dt dt?




4. ACCELERATION

Example: A particle moves according to the expression ¥(t) = (4 — 27t + t3)i, where x is in
meters and t 1s in seconds. Please find its velocity and acceleration as a function of time.

v(t) = (3t%2 — 27)f (m/s)

dv(t)  d*x(t)
dt  dt?

-
a =

at) = (6t)1 (m/s?)

https://www.pdhpe.net/the-body-in-motion/how-do-biomechanical-principles-
influence-movement/motion/acceleration/
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5. MOTION DIAGRAM

car in motion with constant deceleration

https://giphy.com/gifs/dog-cartoons-UKm1AFOUrCkbé



6. MOTION WITH CONSTANT ACCELERATION

Object in constant acceleration motion, its instantaneous acceleration is a(t) = ayl.
As you know the acceleration, you can find out its velocity and position as a function of fime

by infegration with two specified constants of
x(t =0)=x(0) =x,and v(t = 0) = v(0) = vy, = v,i.

v(t) — v,

v(t) — vy = ayti
—— (£) = %o = ag

a(t) = apl = dgyg =

ﬁ(t) — 7._7)0 + aoti — Uoi + aoti

dB(t) ) B, ) 2. t
o~ ol dv = agidt J d[v] = j aoldt’
v 0
B2 = q,i[t']S B(t) — By = aptt = B(t) = By + agti

Vo 0



6. MOTION WITH CONSTANT ACCELERATION

Object in constant acceleration motion, its instantaneous acceleration
is a(t) = ayi. As you know the acceleration, you can find out its velocity
and position as a function of time by integration with two specified
constants of x(t = 0) = ¥(0) = x, and v(t = 0) = v(0) = ¥y = vyi.

The area in v-t graph: V“v(t) = Vo F dot

. X X “—vy + apt
v(t) = vol + ayti ‘ 0
- A S A x v0—>
v(0) = vol, v(ty) = vol + aptyl . 1
vy + (Vg + apt aopts
(tg) — x(0) = TR 0T g
2
aopt
x(t) = Xg + Vot + 5
aotz .

J_C)(t) — .7_6')0 + Uoti + l

2



6. MOTION WITH CONSTANT ACCELERATION

Object in constant acceleration motion, its instantaneous acceleration
isa(t) = ayi. As you know the acceleration, you can find out its velocity
and position as a function of time by integration with two specified
constants of x(t = 0) = x¥(0) = x, and v(t = 0) = v(0) = ¥y = vyi.

dx B,
i v(t) = vl + aytl dx = (vg + aot )dti

=

X

x(t) t
j d(x) = j (vg + apt)dti
0

a0t2
2

N

l

J_C)(t) — .7_6')0 + Uoti +



6. MOTION WITH CONSTANT ACCELERATION

. =z J— S-I- .
Three Equations; V = Vol T dotl ast? 15t equation
X = Xg + votl + > ) 2hd equation
v voi - aoti
X —Xo = voti + —2 t (X — Xp)apl = vyl - agti +T aoti

Ax - a = (vol) - (Vi — vol) + E(Vi — vol) - (Vi — vyi)

+ 2a - AX 39 equation



6. MOTION WITH CONSTANT ACCELERATION

Example: You start to brake your car from a speed of 108 to 72 km/h when spotting a police car.
The traveled distance is 100 m. Assume that the car is in constant acceleration motion, please
calculate its acceleration and the time required for the decrease in speed.

km 1000m 1h

v = M e — 0 (m/s)
km 1000m 1h

vp =172 n X Tem " 36005 20 (m/s)

s =100 (m)

pick up the right equation: vf = v§ + 2as
400 =900+ 2a x 100 a = —2.5 (M/s?)
pick up the right equation: v = v, + at
20=30—-25%xt t=4(s)



6. MOTION WITH CONSTANT ACCELERATION

Example: An electron in the cathode-ray tube of a television set enters a region in which it
accelerates uniformly in a straight line from a speed of 3 X 10* m/s to a speed of 5 X 10° m/s in
a distance of 2 cm. How long is the electron in constant acceleration?

v; = 3 x 10* (m/s)

vp = 5% 10° (m/s)

1im
100cm

pick up the right equation: v} = v§ + 2as

=0.02 (m)

s=2(cm)=2

0.04

2.5x 1013 =9 x 108 + 2a x 0.02 a=25X 6.25 x 10 (m/s?)

pick up the right equation: vy = vy + at

5x10°=3x10*+6.25%x 10" xt t=8x10"° (s)



6. MOTION WITH CONSTANT ACCELERATION

Example: A mortorcycle traveling at a constant speed of 45 m/s passes a trooper on a car hidden
behind a billboard. 2 second after the speeding mortorcycle passes the billboard, the trooper sets
out from the billboard to catch the mortorcycle, accelerating at a constant rate of 5.00 m/s?.
How long does it take her to overtake the mortorcycle?

45 X 2 + 45t = gtz v(t) = apt ,ae=5
V a

t=2

https://giphy.com/gifs/drive-fast-adrenaline-14hVDOHODUPY08



=1
0 0 -9.8

t=2@ 0
1 -4.9 -9.8 -9.8
t=3@ 2 -19.6 -19.6 -9.8
3 “44y.1 -29.4 -9.8
4 -78.4 -39.2 -9.8
t=4@ -100 -9.8

https://media.giphy.com/media/cXgQCO 1bWp5iK/giphy.mp4



/. FREELY FALLING OBJECT
PP
L 4

< 0 -19.6 19.6 -9.8
o 1 -4.9 9.8 -9.8
2 0 0 -9.8

O 3 4.9 -9.8 -9.8

4 -19.6 -19.6 -9.8

5 441 -29.4 -9.8

O 6 -78.4 -39.2 -9.8
-100 -9.8




8. KINEMATIC EQUATIONS &
CALCULUS

v(t)

m
& X = li@ Zv(tn)Atn
\ ) ! tn0 Ly
Wil
tm

\ | v(ts) x(t,) —x(0) =j v(t)dt

10| . - 0
t
t, t, ts t, ts tg t; tg \
At,  At,
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