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Displacement and Velocity 7§21 & :

Motion in 1 dimensions —#i5 %)

MEHF SE e
Average velocity 1% & : Average velocity 193K & :
Position /& x EBRIE &S
Displacement if#%: Ax = x, — x;
X, —x; Ax Instantaneous velocity BT B :
v =) ==—=—
ave t,—t; At . Ax dx
v=Ilim 7= lim —=—
At—0 At—0 At dt
Instantaneous velocity BB & & x ¢
o . Ax dx =vdt or jdx=fvdt
v=Ilim 7= lim —
At—0 At—0 At x0 0

Motion in 2 dimensions — 455}

MEHF SE e
Position i & : Average velocity 1% & :

_ SEIE e
F = (6 = x (O + y(O)f {; : ;Eg RIS EE

AF:FZ_Fl

L . V=00 +vy] = lim Vg,
= (X —x )+ (2 —¥1)J At=0

Average velocity 1K & : AV dP
- o - = lim — =—
. rp—r; Ar A0 At dt
Vave = 4 T At {vx = dx/dt {dx = v, dt
Instantaneous velocity B#AdiE E : v, =dy/dt dy = vydt
N R R N . AT x t
V= 0,1 + Uy] = Aléino Vave = Alér—poA_t fdx = fvx dt
x0 0

y t
dezfvydt
y0 0

Displacement {i7f%: Instantaneous velocity B#AT % :

Example: An object moves in the xy-plane with a velocity given by
v(t) = 3t%1 + 4sin2t]
where x and y arein metersand v is in meters per second. What is its
displacement between t = 0s and t = 2s?
Solution let 7 be the displacement in meters:

r 2 2

fd?=f ﬁdtzf (3t?1+ 4sin2t)) dt
0 0

r0

- - - 2 = n -
=>71r—Ty= (t3i—2c052tj)0=8i—(2cos4—2)j=Ar

Example: A projectile is fired up an incline

(incline angle ¢) with an initial speed v at

an angle 8 with respect to the horizontal

(@ > ¢) asshown in the figure.

(a) Find the time t when the project hit the incline.
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In the horizontal direction v,(t) = vcos8 + a,t =vcos8 (a, =0)
In the vertical direction v, (t) = vsiné + a,t =vsinf — gt (a, = —g)
The displacement in the horizontal (vertical) direction are x(y):

foxdxz fotvxdt=>x—0=f0tvc059dt =vcosOt

[dy= [jv,dt =>y—0= [ (vsin6 - gt)dt = vsinft —3 gt

When the projectile hit the incline, tan¢ = y/x

. 1
vsin Ot—=gt? t 2v cos O (tan 6—tan
tang =———2— =tanf ——L— S t= ( 2)

vcos Ot 2vcos @ g

(b) Find the distance d up the incline that the projectile travels
2v? cos® 6(tan 6—tan ¢)
)

X =vcosOt=

x 2v? cos® 6(tan 6—tan ¢)

cos ¢ - gcoso

X
cos¢ = - = d=
(¢) For what value of 6 is d a maximum, and what is that maximum value?

S TTEd = cos? 6 (ﬂ — tan qb) =
cos @

21?2 cos? §(tan 6—tan ¢) . 202

gcoso gcoso

202

gcoso

2v 1 . 1
Tcoss [E sin 26 — > (cos 20 + 1) tan qb]

2 2

= in26 — 2 - =
gcoscp(sm 6 — cos 26 tan ¢ — tan ¢) gcosd

2 ; _ : 2 ; _
% (51n29cos¢ cos 20 sin ¢ — tan ¢) __v (sm(ze ) — tan ¢) (9 <§)

- gcoso cos ¢ gcoso cos ¢

20— ¢ =B, dBBAE dmax = . (

gcoso

(cos 8sin@ — cos? ftan ¢) =

(' 20 — cos 2009 _ )
sin cos s ¢ an ¢

v%(1—sin ¢)
gcosZ ¢

— tan qb) =

cos¢

Exercise 1: £ B B%kx, = 0OHERE-IFEIXER A, v(t) = gt, KF 1 FELLFE.

Exercise 2: Known the velocity function of a particle moving in a plan is
v(t) = 21— gtj, v isin m/s and g = 9.8 m/s?. Attime t = Os, the displacement
Ty = Om. Find the displacement at t=2s.
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Acceleration il E :

D BEHT
Average acceleration Y10 & : Average acceleration /1 & :
a =C_l=v2_vl=ﬁ HW‘)] é&q—
ave t,—t; At Instantaneous acceleration B#Ht i

Instantaneous acceleration B#AT 7l
®E:
Av

a=lima= lim —
At—0 At—0 At

HE:
Av  dv

a=l]lima=lim—=—
At—0 At—-0 At dt

v t
dv = adt or dv =f adt
v0 0

Motion in 2 dimensions —#i55:

Motion in 2 dimensions —#4i=3):

R R R Av 5 — a7 7= lim a
a=ayl+ ayj = hmo Aave = AI%QOE @=aplt ) = Al%r—>n0 Gave
oAb db
T AS0 AL dt
a, = dv,/dt dv, = a,dt
{ =dv,/dt {dvy = a,dt
{f dv, = f a,dt
vX
dv = f a,dt
vy0 0
MEFRFNHRD AR ERR
MEHF EEHF
Velocity & & Velocity &

v() = v(0) +at Ffh: ahHE

=% dv = adt
a dt UV =a

v t
fdv=v—v0=fadt
v0 0

LafgBEEv=v,+at

Displacement {iIf%

x(t) = x(0) + v(0)t + ;at2

FffahFE

Displacement {if%
dx

X=X+ f(v(O) + at) dt

1
x(t) = x(0) + v(0)t + Eatz
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Example: The acceleration of a moving object is given by a(t) = —sint. Attime t =
0,x(0) = 0,v(0) = V. Find the velocity function v(t).

1 t t
fdv=fadt=f—sintdt=>v|v=(cost)v:v=(cost—1)+V
v 0 0 4 4

Exercise 3: Find the equation for the position x of a particle whose acceleration is
given by the equation a(t) = 6t — 3 and starts at rest from the origin.

Exercise 4: A particle moving in one dimension has a position function defined

as: x(t) = t* — 4¢.

(a) At what point in time does the particle change its direction along x axis?
The time the particle changing direction happens when velocity equals zero.
What is its position when it changes its direction.

(b) In what direction is the body traveling when its acceleration is 3m/s??

Exercise 5: A object is moving along x-axis. Its acceleration function with time t (unit
in second) is a = 4t m/s?. When t = 0, the object rests at 10m away from origin in
positive direction of x-axis. Try to find out velocity and position function respect to

time.

Exercise 6: A object is moving in a straight line at a = dv/dt = —kv?t,kisa
constant number and v is the function of £ When t = 0, v = v,. Find the velocity

function v(t).
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Exercise 7: The acceleration of a particle is given by a = 3.0t%1 — 2.0J, the initial
conditions are when t = 0,T, = 0,v, = 1.01. Find its velocity and position function

v(t) and r(t).

Circular Motion [E Ei=3):
Unit Vector B {i[EE
Tangent unit vector
YiEgfrme T{
Normal unit vector __
EmEfEE “{
Propriety: T-T=1
REE: KIZZYIZ%RTTE
v=uv(t)T
hniE
o7 | AR 3, = Zh
“\ e nEEaE, = i
Average angular velocity Y35 £ 3% & :

n-n=1

a

_ 6,6, A6
Ww=——=— (Binrad)
t,—t; At
Instantaneous angular velocity BEAT £ % B :
A df
o= fimo=lin =
df = wdt
If the radius is r; xis the length of arc
x =16
V=Trw
2
Uy = — = w?r
Angular acceleration £ l&E:
L . Aw  dw
a = lim a:AlgnoA_t:E

At—0

magnitute = 1
direction is always at tangent
magnitute = 1
direction point to the center
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Example: X FV]@EfmET, WEAdT/dt LT
oo R i o —dT _
T-7=1=> E(‘L’ T) = S TtT d——O
foiz0oS1%
dt dt
Exercise 8: CMERR AT AEE r NE, HARE o, FIRLZEENEX

v= Alg_)o vl t,xﬂj%tﬂ’\ﬂﬁ%, IERAY = rw
15 %) 0] 3 i LB B
MAOXRBLER: 1. ABNEsIRE 2. s &1
( constant a=0
a=0 = wvelocity >{v=c
BTN x =x(0) + vt
a=c
rEEm | v = v(0) + at
constant e 1
sy | ¢ = ¢ = acceleration x =x(0) + vt + Eatz
B ) IR et
» — [v(®)]* = [v(0)]* + 2aAx
RE f _ Av
Aapg = 4 = —
At
, Other ty.pes  Av dv
a=:7= ofmoflim = a—AlérfoA—t_E
HAzz) Av = v(t) — v(0)
\ Ax = x(t) — x(0)

BB

Path of the pm]uul( -

200 m

Range=?

4.0m
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Exercise 1: £ BB % ARARE-IFE X R Av(t) = gt, KF 1 HEFAALFE.

X
v =gt f fl x 1 ot 1 5
= | dx= tdt = =—-gt°l =<2 R
dx = vdt =gtdt} J x 0 g x|0 29 0 29 @é‘*%

Exercise 2: Known the velocity function of a particle moving in a plan is
v(t) = 21— gt], v isin m/s and g = 9.8 m/s2. Attime t = Os, the displacement
Iy = Om. Find the displacement at t=2s.

[dx=[lvedt = [f2dt =>x|§=2t]; > x=4 (m)

2

y 2 2 y 1
Jody = [y vydt = [ —gtdt= y|O :—Egt2 .

y=—2g(4—0)=-2g=-196 (m)

r=xt+yj=41—19.6] (m)
Exercise 3: Find the equation for the position x of a particle whose acceleration is
given by the equation a(t) = 6t — 3 and starts at rest from the origin.
a(t)=6t—3, vy =0,x,=0

v t t t2
Jo dv=[yadt=[j(6t-3)dt = v|g=(6—3t); = v=3t>—3t

[Fdx=[fvdt = [(B3t? —30)dt > x|f = BL —39)t > x = ¢3 - 3¢2
0 —Jo —Jo 0~ 073 5 /0 = 2

Exercise 4: A particle moving in one dimension has a position function defined

as: x(t) = t* — 4¢.

(a) At what point in time does the particle change its direction along x axis?
The time the particle changing direction happens when velocity equals zero.
What is its position when it changes its direction.

v() =T =St —4) =43 —4=0 >t =1(s)

x(1) =1-4=-3(m)
(b) In what direction is the body traveling when its acceleration is 3m/s??

a(t)=%=%(4t3—4)= 12t2=3 =t = 0.5 (5)

v(2) =4-:(0.5)3 —4 = —3.5 (m/s)

Exercise 5: A object is moving along x-axis. Its acceleration function with time t (unit
in second) is a = 4t m/s?. When t = 0, the object rests at 10m away from origin in
positive direction of x-axis. Try to find out velocity and position function respect to

time.
Known: t = 0,v(0) = 0,x(0) = 10,a = dv/dt = 4t.

v ot . 2\¢ 52
Jo dv—f04tdt=>v|"—(47)ozv—2t

t t x 2 t
dx=f vdt=f 2t dt = x| 0=(—t3)
0 0 x 3 /o

2 2
=>x—x0=§t3=»x=§t3+10

X

x0

Exercise 6: A object is moving in a straight line at a = dv/dt = —kv?t,kisa
constant number and v is the function of £ When t = 0, v = v,. Find the velocity
function v(t).

W _ 2 Voo-2dp = [f— e (2
- = kvt = [ v7dv = [ ktdtz_llvo— k(Z)o
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1

Z=Zkt? 4+

v 2 Vo

HFRER v, # OB X FhI4A 514
Exercise 7: The acceleration of a particle is given by a = 3.0t21 — 2.0J, the initial
conditions are when t = 0,1, = 0,v, = 1.01. Find its velocity and position function

v(t) and r(t).
N N 3. N
[3dv =[5 ddt = [[(3.065 - 2.01)dt =% -5y = 31— 2.06
=7 =7v(t) = (t3 + 1.0)i — 2.0tj
o~ t _ t 3 - -
J, dr = [ vdt = [[[(t* + 1.0)i — 2.0tj]d¢

- = t* > -
>r=r()= (Z+t)l_t2]
Exercise 8: Known that the trajectory of a particle is a circle with radius r and its
angular velocity is w, using the definition of linear velocity, prove that v = rw.

1;:% v="0-72 1
x=r0 ac ~  de



