Kinematics Note

July 9, 2019 8:05 AM
Unit 1: Kinematics in 1D
1 - Vector and Scalar, Distance and Position
There are two types of measurement: with Qiud‘mn or without. [ ] - divection,
/
Scalars: Magnitude only E .| Vectors: Magnitude aﬁd direction a
m mass (ex, 5bky) Em W F| Force (20N [rigt]) 1 audestion (w/52)
-
v QPCCA (M/s) | distance /|¢u,'“\ (w) v Ve'“""y (10 w/s Es"‘u‘]) ;
. - |
t "CMC o , d Disr'umeh'(’. ( 3om [H]) |
T ‘tmrmne (({9) |
e Kinematics: The study of an object’s W\o‘h"‘ . A + Sw ’
Position, Distance and Displacement
e Distance (d): the separation between two points. Ex, the Ex 1: A student walks 5 m east and then 3 m
ect. i mebe . west.
Ie;gth of an object. Usually measures in_méxer . No a) What is the distance (scalar) travelled?
wection, needed lj
— d:’{=5,+3m = 8M
ex) ! Book X=30 cm b) What is the student’s displacement
& Syt vector (Mu( Jvuhm) (vector)?
e Displacement | Ador d ): A measure of the change in + +
position. Needs direction d SM ( 3"‘) 2‘“ [E]
. L. o L. Ex 2: A cat walks 5 m left to get a snack (gold
= final position - initial position. fish?) and then 5 m right to go back to bed.
delta > dnnr n . ; . ,
. o o a) Whatis the distance (scalar) travelled?
The Sial\ of the value for indicates the direction. —~Sm
AF gr+ @C;{j Az5m 45m = [0 m
- +om
ex) -w — Et L R+ b) What is the displacement (vector)?
S Dewp
Traditionally we assign _Nerth and__East as 2
positive (+) and __ Sewth and__ Wet as negative. d == g"" + 5"‘ = ¢
A B8 B l0m A
.—.. .&—‘
= lowm (€] d= lomCW]
or  Worksheet 1a — Distance and displacement
d:<om Ce)
1. Frankis driving along a straight highway when he notices a marker that says “260km”. He continues to the 150-km
k is drivi | ight high hen h i ker th “260km” h k
marker and then turns around and goes back to the 175-km marker.
a) What is the total distance travelled?
b) What is the total displacement for the whole trip?
2. A physics book is moved once around the perimeter of a table of dimensions 1.0 m by 2.0 m.

a) What is the resultant displacement of the book?
b) What is the distance travelled by the book?
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Answer: 1) 135 km, 85km forward 2) 0 m, 6 m




Speed vs Velocity

Speed (v): change in d i,;tg!“ per _time Ex1): A student travels 11 m north and then turns
e ditance () around and travels 25 m south. If the total time of travel
A 20 speed Lut is 12 s, find:
AV 4 et (s5e0) a) The student’s average speed.
() 80 ko/i e
o Speedisa_Scalar dit = lwt25m =36 m
P 2 llm speed
b 4 H = é— = i‘—". - 3
Velocity (¥): cha ngsti’n j per_time Y —26m T L1
Q03
d =V ‘l’, b) The student’s average velocity.
AVJ Ve'od‘l’ o dis\.h...?\ = 11m —2%m==I4m
t: 5 d M T
v v:-z—:::—r:-l.l7m/,
* Velocityisa yedm .17 /s Ts)

1) How long does it take a car traveling at 45km/h to travel 100.0 m?

_d’ (00 m
—> S 2 < -
Bk g s v t 12.5 ‘@

2) How far does a skateboarder travel in 22 s if his average velocity is 12.0 m/s?
V=11 "/ V’ J
=20 1

3) A shopping cart moves from a point 3.0 m West of a flagpole to a point 18.0 m East of the flagpole in 2.5 s.

Find its averagel velocity. l "d'= ©2| "

@ £l walked towad Eost _\J/: d = t 2 -'-qu‘ h/, [E JY

inikiel 't 2.9 Sec

3..[w)° 18m (€]
Worksheet 1b — Average Speed and Velocity

1. A high school bus travels 240 km in 6.0 h. What isits | 4. if a caris traveling at 25 m/s, how far does it travel in
average speed for the trip? (in km/h) 1.0 hour?

2. A spider travels across a driveway 3.6 m wide with a
speed of 14 cm/s. How long will it take to cross the
driveway? 5. A caterpillar travels across the length of a 2.00 m

porch in 6.5 minutes. What is the average velocity of

the caterpillar in m/s?

3. A basketball player steals the ball and runs the length
of the court in 8.5 sec at a speed of 5.0 m/s. How long
is the court?
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Worksheet 1b — Average Speed and Velocity

\VJ o(:-'
6. A ist.traveling on a straight stretch of open highway sets his cruise control at 90.0 km/h. How far will he travel
if 15 minutds? ) d i J J/T'Z-L
X6o = 900sec /s

\d= 22500 w /9 2.25 kw

7. A motorcycle travels 90.0 km/h. How many seconds will it take the motorcycle to cover 2.10 x 10% m?

8. *A hiker is at the bottom of a canyon facing the canyon wall closest to her. She irom the /wall and the
sound of her voice travels at 340.0 m/s at that location. How long after she shouts will she hear her echo?

d=280.5x2 = 561m 6 56
gD | | W50 wd ot el

' **A woman from Pasadena makes a trip to a nearby shopping mall that is located 40.0 km from her home. On the trip
to the mall she averages 80.0 km/h but gets a speeding ticket upon her arrival. On the return trip she averages just

40.0 km/h. What was her average speed for the entire trip?
———

. _ Tl dlistance ‘(Thmlel _ 80 ki _
Ay Sped : V= ——r— = <o =(533 L..Z.,,'

4okm d 4ok
e Vizgokn/t ';'u ti= s sou-/..'&&)

—wetoleh = B L2

N

10. ***A cross-country rally car driver sets out on a 100.0 km race. At the halfway marker (50.0 km), her pit crew radios
that she has averaged only 80.0 km/h. How fast must she drive over the remaining distance in order to average 100.0
km/h for the entire race?

V:_d_l- :5——-0'“' :' Sl(
| V.:SOI(»/h\_L Vy=? U T ommsh L‘|3 “"/w;

| V':!: 80 = _?_0. 'ok o
St |+ =0 lSI.:\ +,20.375 hr 1000 1m
V‘V,: |00 |(v. h = T d;’{ = |°th
Ttk dime @
Hotal timt = 4 by

Ans1)40km/h 2)26s 3)43m 4)9x10*m 5)51x10°m/s 6)23000m 7)84s 8)1.650s 9)53.3km/h 10) 133
km/h
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Physics 11

Unit 1: Kinematics in 1D

2 - Position-time graph and Velocity-time graph

Position-time [cf—t} graphs show an object’s pOSHTi!V\ as a function of time.

Independent variable (x-axis) is

ime

. The dependent variable (y-axis)is 'DOS ition

t=0s

pos.=0m

Ttle.

Position vs Time Graph

[Velocitv vs Time Graph ’

< 60 —~
& &
50 50
= -~
5 40 \}: 40
39 =0
¥ [*3
- -
S 20 9 20
Z > Constant Ve'oc\&y. BN
@ 10 >
o T H T T g b 0 T 7 T 5
- Time (s - <time (5)
Lets calculate the[slopelfor the line made by the dots: ' | , ”
Y Vise ) V-V, lGow Slope of d-t graph = SLQIO(A!}I 1AR4
H Sope = = s S— = —
gr‘)t 4 Fun X2 =X 4 S comstent S‘O'C

Y

i

— " ‘Straight line — st k
X, Xz) s'ope =10 ;1 - \Itlu‘rl'/ "' If d-t graph shows a straight line Conston Spee:‘/
/ \ _ Velocu(:y
Relating Position-Time Graph to Velocity-Time Graph
a ) D-T Graph 1 D-T Graph 2 D-T Graph 3
"
d o A d . d A / Vclodfy.
i q %, o, [_Slope = @
= $Top / stotionary '
0 -'“‘ /Tu-c (5) —— l | ‘ { (s)
o plom Z ¢+ 6 g 10
! (
L R 20
~—_— - __! - '
v +=Qsec Spe = 8s ~ 25 ./’V '
o 4 Ve '.
¥ 28 t |
P Tme () 0 - _l:
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Ex1) Position-Time Graphs in Segments

Position of a Car

Velocity A‘ a Cor

(51 Q) 6
100 1 T T T ; | A
:2 9y [ (’./""@ ".}4———1
v 6N B g — g _C
E [ I A, I I | N ! [ ]
;:' (3" 7') D :.:\2- T o= T T ? BTJMQ (S)
E & i
8 {
® \
(6/ H)| ¢ L
20 30 40 50 60
Time (5] 10
For practice, find average velocity from:
t=0stot=2s t=25tot=35® t=3stot="5s
Q-7
V——-;Su/, \/:¢.../, Ve —L : ™
5-3
t=5stot=6s @ t=2stot=6s \ t=3stot=6s
q-1 8 - 6h
V=S = =7 =28 V=2, 2 (, T l I‘S"/J; @
L -2 mp
Ex2) A rocket takes off and the height is recorded as follows.
a) Find the average velocity.
b) Graph the position vs time and find the instantcaneous velocity 't 20 anc 40 seconds.
2 ¥
.. += 600 S‘ore a& a ‘tal\geh{ l:hd
- -
o 2
15 10 0l Q4220 sec A
180 - o |
60 20 mshn"cane [ Vel = =0 ’8‘ = 6 w/s
135 30 400 4o0-10| 30 ] |
240 40 ] (W/ %pe)
375 50 00!
540 60
200 + I
[ORTL I
féo- (40,180) -
- Vit =114 wy
(26)80)
20m
—
0 30 40 T0
2 (Io,o) Time (s)
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Worksheet 1.2 - Graphing Exercise: D-t graph to Velocity

Part 1: Graph the data (d-t graph ' .t
Dtz (ot graphy Disk . vs. Uimt 3VArL-
d(m) t(s)
0 0
5 10 500 —
(20 D
45 30 425
80 40—~ Yoo — (QO/ 475)
120 50 & %"139
0
w w3 (3, 120
240 70 S 20 —
320 Q = oo
410 0 TS 16 //
500 100 us /
200 1
ns
150
s
oo — 7
75 —
50 Q,o /7'0) /
% (4),20)
0 — T T 1 1 =T 1 ]
0 10 |29 30 4 50 60 7'0—’5@ ' |Lo Ilo
Questions: T:M¢ (S)

1. Find the average velocity
a) in the first 20 seconds
from 20 seconds to 80 s
c) for the whole trip

b v= Sl 2o El )
4 o-20 ~ 60 Sim/s
2. Find the instantaneous velocity at

a) 20 seconds,

b) 40 seconds,
3 seconds
S10.9|m
iy k
Answer: 1a) lm/s b) 5 m/s ¢) 5 m/s 2a) 2 m/s b) 4 m/s ¢) T.3mfs
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Part 2: Graph the data (d-t graph)

Data:
d(m) t(s)
10 0
13.1 0.5
16 1
18.1 1.5
19.5 2
20 2.5
19.5 3
18.1 3.5
15.9 4
13.1 4.5
10 5
6.9 5.5
4.1 6
1.9 6.5
0.5 7
0 7.5
0.5 8
1.9 8.5
4.1 9
6.9 9.5
10 10
Graph the data

1. Find the average velocity a) in the first 2 seconds, b) from 2 seconds to 8 s, ¢) for the whole trip

2. Find the instantaneous velocity at a) 1.0 seconds, b) 3.0 seconds, ¢) 5.0 seconds and d) 1.7 seconds

3. When is the object at rest?

4. When is the object speeding up?

5. Describe the motion of the object in detail

Answer: la) 4.8 m/s.b)-3.2m/sc)0 2a)5m/s b)-2m/s ¢)-7m/s d)1.7m/s
3) 25sand7.5s 4)25 2 5sand 7.5 2 10s
5. —slows down, stops -speeds up backwards - slows down backwards,  stops -speeds up forwards
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Physics 11 Unit 1: Kinematics in 1D
3 —Velocity and Acceleration Time Graph

,Iui*«‘

7 Speed up 'fim‘
Acceleration "~ g|ow down oV V'F/ - V'/
A vector quantity that describes Cl\angg h Ve ‘od{'y .Denoted a or @. dapg = —_E— = < :
e Conceptually, acceleration is to velocity as velocity is to dh!o'ue ncn{ d
. D
¢ For this class we will always assume that acceleration is CO”S""V‘{ Vapg = —-_E"
a=
* Note that any object with zero acceleration has Constont velocity.
e The units of acceleration: __ M Zs l S . This is usually written as W‘Zj" . unit l_)w_) hn/sz
\): =+ &5mi t
Example: A child rolls a ball up a hill at{4.5 m/s [forward After(S‘OD seco@ the ball is rolling back with a velocity
O G-Em forward]. What is the ball's acceleration?
ST V-V = 15up = 45 m) -ts
- Vi = LoImp = Tom/ . —0m
bSw)y Ao = h = TOms T (Lo | = 2mfp [Dous 1ol
] t 5 sec Ss $ § (Vown hi
Vi, v —V =V
Velocity-Time Graphs aty & a &-a aty

Speed Up Slow Down  SUmOdr.  Gow Down

Lets look at the slope calculation for such a graph
Velaciy A m=rise _ by _ 0w ¥ Slure nf, d-+ ﬂv-rlx: Ve,oci%
/ !WH/; run  Ax m s Zm/sl . T h_-
} L) slor. -‘ V-t a"r;\ __]auclen‘l'hn ope of V-1 graph = A((C'eva{’:on
¢

Frogae |
o W-tJ
Example: Use the graph to determine... 9 acc':l'::“on
a) Velocity at t=2s, 5s, 8s? 8 (7/ 8)
4m/s 8m/s 53wy L7
b) Acceleration from E &
t=0.0-4.0s t=4.0-7.0s t=7.0-10.0s i L
= - 3 positive negative
a_ AV - Sh‘é a_ ¢ a = .g____o = _8_ § z acceleration acceleration
Tt 4 - 7-10 -3 3
Y 2
- -l 1
Az 2w [-fm.u] a={-L.Ir); ‘
0 (
o 1 2 3 4 5 6 7 8 9
Timeins
Calculating Displacement from Velocity-Time Graphs
O //
'E 16 Let’s calculating the total area under the curve for the v-t graph.
3 12} -~ f 1
> ;
N b A =gbh= 5 (55 (207) 2 5o %2 <[Gom
- 4 i w/y
0 1 2 3 4 5 4

Time (s)

Area under the V-T graph to the x-axis = diSplmmn't

1
Arectangte =1 W Atriangle = 2 b-h

R aitb)
2

M” B“C bt
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50
M™Nap
$ 30

Velocity of a Car

. . »

=

-

:
t
G, ‘...,------.-;

Important! if part of the graph is below
the x-axis under the 0 m/s line (that is, the
velocity is negative), the

; for that
segment is also negative.

3 \ heodivc Are
3 4,00 OS 1o LS 20 3jo 40 50 80 N/
310 W @ d“H“ﬂlﬂv".‘.
-20 +
301 Example: Find the total displacement
e of the car whose velocity-time graph is
=0 Time (s) shown above between:
0s
t=0.0andt=2.0 t=2.0andt=5.0 t=5.0andt= t=gf and t = gh

ﬁ""‘
25

-
d=4(2%) =

!—;:_‘l' /s

[4mI[E]

d=3() Jizw [2))

2=¢m

t:1 ad t:3

e

@ 12

From Velocity-Time Graph to Displacement-Time Graph and Acceleration-time graph

3)(- m) ok avea v(m/s) S" 0 a(m/s"2)
2 - &
V.- 0 | {o— °"t \
- 0 (s) t(s) 0 t(s)
Stationary LI ] 'g
Object L2 3 &« Q'o'c = ¢
x[{m) vim/s) a(m/s”2)
e -
a=¢ b _ 2 ([——
consk. vel. . t(s) t(s) t(s)
Uniform A\ ;_
Motion =3w/ ——
x[m) + vim/s) a(m/s”2)
¢ Gomge
s) t(s) t(s)
Motion with
Constant
Acceleration )
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Printout

July 10, 2019 10:06 AM

Unit 1: Kinematics in 1D
5 — Position, Velocity and Acceleration Graph

Physics 11

Lets summarize what we have learned about d-t, v-t and a-t graph so f

For d vs. t graphs For v vs. t graphs

rise displacement rise velocit
- Siope = %2 _ Zooparement — = . Slope = = — Y _
run time run time

* Areaunder graph = velocity X time =

A ) Signs on velocity and acceleration: Speeding up or slowing down?

Velocity Acceleration | Speeding up/down? Ex.
+ |+ | su [E} &V
t |- | s/ | %v&
- | = Su &

- | + sD\,

B) From Velocity-Time Graph to Displacement-Time Graph and Acceleration-time graph
d D-T Graph 1 D-T Graph 2 a
)
Vs d (‘) d A

6n"

T

D-T Graph 3

O - 7 )'&(‘)
ad / / &
|°m 5_' ‘ "4"\ —"h‘
Speed U
T AL (2)00)
0 / V-T Grgph 1 A lo 0 - Ii‘BGraph 2 ||| V-T Graph 3
w4 A\ ; =|om m STep 1l
x! .\/ ™ f Avaz—lOm
:/f A"‘ j' A'n Q / 2
>4 (5) ‘ o) L i — 10
\ | 2 on l 2 S ' —vel
Qorc = auel = 2, = gh/’t Sl"rO - - gh/‘l -M ' \:. -au.l
a A-T Graph 1 A A-T Graph 2 2 A-T Graph 3
mn a A a ‘ s'or. s - Gn/;l
i ;
—+ 54 —b+
“g.h‘ —*‘ _.S.,’\ .
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D-T Graph 4 ﬁlm D-T Graph 5 dw 57 Graphs
d 4 o _A 225 ;- stop/tam
¢ -lo
SN R b
o T )'& _zo_ T T ’+(5) (0] T T 14 l.+(‘)
-4 - 2 4 3 5
o . 1 [sten
\V & V-TGraph4 v & VAT Graph 5 V__ V-T Graph 6
\ow - +lom VSws 1 d,=22.5m \
—~|om olz ==10m
- S—>t —}0 - —b £ () ! al
~Ares 2 Puee 2 3 1c
—vel —-lO-/‘ ;
~lowy; - 4oce ~low-
a A-T Graph 4 -a\ A A-T Graph 5 A-T Graph 6
O —
[ A i N
z '{ 4 I+ 0) v:
._g,w !
D) Graphs combined (with number)
d Juu
Lo /
1 . !
- — ; >+(s)
. ! N Com‘{‘n
su \
Wrud
| : ' a
AR B A
P
boy-4 + au
V‘ l ' Constant ¢ .
: su ! '
| ! 3A . { " ! lL),(:
A A 2T6 '.
N ‘/SD —oa
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Worksheet 1.3 - V-t graph and acceleration

1. Given the following velocity vs time graph
Find

a) acceleration at 1.0 seconds

b) acceleration at 3.0 seconds

c) acceleration at 7.7 seconds

d) total displacement

e) displacemeny after 5 seconds

f) describe the motion

g) draw a position vs time graph for the motion

2. Given the following velocity vs time graph
Find

a) acceleration at 1.0 seconds

b) acceleration at 3.0 seconds

c) acceleration at 15 seconds

d) total displacement

e) displacemeny after 5 seconds

f) displacemeny after 16 seconds

g) describe the motion

h) draw a position vs time graph for the motion

Copmeni &

velocity v tms'l )

1.5

1.0

10
time 7 (s)

aw velocity and displacement¥s time graphs for the following scenarios
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4. For each v vs t graph: describe the motion in detail and draw the corresponding d vs t graph
v v

t / Ut

5. In the following v vs t graph where each square is 1.0 seconds on the time axis, and v is in m/s

@ | ! \\ S -+ . . a)thevelocityat 2,7, 10 and 17 seconds
1 k\ﬂ A e
. _Q\\“Y Y b) the acceleration at 2, 5, 10 and@econds
10 el - ’ —- H
ol +:5s O=undefine
L
1 &3 ! 10 c) the displacement for the first 5 seconds
10l

the dlsplacement for the first 20 seconds ‘ 2.9 ‘ _ ;
LA “"’)“ =365m K o A (’L‘)ﬂ’ = —3Sm | TRl d=23m)

e) the d|sp|3cement over the final 10 seconds

he average velocity

< L B e e
GVJ - +o'\'-‘ ‘UMC = 205 5./’ 8“"\
g) draw the corresponding d vs t graph assuming the object starts at d=0
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a= a‘{: :V-F-V'.

<t
at+\v = Vg N, wp +
Physics 11 Unit 1: Kinematics in 1D + r
4 - Kinematic Equations: The big three — E —F—R u‘
Lets summarize what we have learned about d-t, v-t and a-t graph so for - | “b
If an object is accelerating then the formula: In order to solve problems with uniform acceleration we

need to use 3 formulae. These 3 formulae use the variables:

v = 'f'.n' Velodf’ ("/5) d= d-’sr'aunﬂ-t, (w) 2@ " @
vj = med vel ) [ t=4ime (9)

d
a|w7: positive @

= 9?4 Gives us only the Mng_\aJ_o_ﬂy

Q=
We can also find the average velocity using:

wa
------- Vo _ VetV
V: 9 /J7* V”J - -—z—

a= acelention (M/;l)

-

" \e=\l4at i d-Vit+fat’ |®

Ex: a car traveling atpeeds upto 22.0 m/s Ex: A sprinter starts from and accelerates uniformly.

Eastin 1.7 s. What is its acceleration? He travels 100.0 mlsouth'in 9.69 s. What was his

Viz Twys Ve= Vi + at acceleration? /0 1 ¥
V=22 | 25@+alln) \i=p d=\it +2at

2
't: 1.7 sec d:-lOOM —|00 = ¢ +‘2l'.a(Q‘Q)
a=1 =965 —100 = 46.95 O
La =8 mi [E..tﬂ a=" A== 213 myp j
| 3= 2.13 wpp [sotl) )

I5=17a
IR

-, - -
3) =
Ex: A banana boat accelerates from 15.t 2.00 m/s?. How far has it traveled when it reaches 30.[@
‘L) 4' |7 m [ L)
s34 Tlm/s 126 8wy

VARV “+2ad
(833 )"‘:_gr.n)1 +2(2) d
51 = 4d
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az |4 w2

) D,-—) ]
gC:i 6w/s 136

Ex 1: A Rocket Truck is traveling at 16.0 m/s when a plane passes it. It immediately hits the jets and accelerates at 14.0

m/s?for3.25s N
lve | a |+ |d
a) What final velocity does it reach? \/

Velows Vi Vitat Ve =V +at
A= Mmie ez 16 +4(3.29)

‘t: ER 1Y —_—
Viz? lv-[:6|.§h/5 ' d:V;t{-éa{l

b) how far does it travel in this time? 1 2
V-f :Vi +20d

v/
vV

< s
<
N

=7
A=t dadt |
(3
d=16(329) +3 (10 (3.25)
d= 126 wm
Ex 2: An arrow strikes a can at 32.0 m/s and exits at 31.0 m/s. If the arrow is 42@Iong find its acceleration as it pierced
the can. Ignore the width of the can. Zloo L) 0.42

I%lu/s;ryli Viz 32w \/'F \/ 47 d
= Vi 31 wa
3122 32+ 2a (o)

d= 0.2 m
az=? -63=09%%a
a=-75 m/st
— 1362 55.56

Ex 3: ABMW and an F1 car both cross the finish line traveling at 200. O@The BMW comes to a stop in 4.05 s and the
Flin 2.12 s. How much further did the BMW travel while stopping than the F1 car?

@—;Viﬁf-é‘;/. QV“’¢ Method #2 Vi + V,

r— 5S. sc+o
@—9\/;:55-5‘-% |F—l] Vi= ¢
t=2.126e J Vt B f‘), V‘VJ = 27.78 h/$
=Vit+
Brw V¢ =Vi+at 20 . / \:

0 =5556+a(%05)  d= 5556 (o5) 43 (-B72) (&05) MW &)
=-13n wm/s? Ld: (12.5m Sfo"v!-r d'lt. for BHWK 't= 4.5 t:212

@ Cinen cen e ve T e d:Vavj-t d:V.?'

For btk ot 5550mp —> Omg 1 Vooy=
Vi V¢

(2.12)

——

TN d=2178 (ros) d=2113

o= 58.9m] d:l125m  d= 5.

Fm

Dd=115-53a =[ | D= 53.6 m
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Worksheet 4 - Kinematic Equations

1. A ball rolling down a hill was displaced 19.6 m while
uniformly accelerating from rest. If the final velocity was
5.00 m/s. what was the rate of acceleration?

0.638 m/s*

2. A car starts from rest and accelerates uniformly to
reach a speed of 21 m/s in 7.0 s. What was the speed of
the object after 2.0 seconds?

6.0 m/s
(1) 3. A hike rider accelerates uniformly at 2.0 m/
s? fo the rider starts from rest, calculate the

distance traveled in the fourth second.
(i.e. betweent=3sandt=45s).

iz 9 = o

0= 2wjy: Az \

€35 -k;ll—s

o= da=?

7m

4. If a bullet leaves the muzzle of a rifle at 600.0 m/s,
and the barrel is 0.90 m long, what was the acceleration
of the bullet while in the barrel?

2x10° m/s

Kinematics Summer 2019 Page 14

5. The Jamaican bobsled team hit the brakes on their
sled so that it decelerates at a uniform rate of 0.43
m/s?. How long does it take to stop if it travels 85 m
before coming to rest?

20 sec

~. 25 M/s
Bonus: A driver of a car goin :@ m/h suddenly sees

the lights of a barrier 40.0 m ahead. It takes the driver

efore he applies the brakes (this is known as
reaction time). Once he does begin to brake, he
decelerates at a rate of 10.0 m/s%.

a) Does he hit the barrier?

25mp 25 Vi:-¢
@)ﬁ 0.75sec ) (A!tt'(vd’c E_:? E

(O e ¢ & )
4 v v

Viz9 =26% 4 2(-l0
diz13.75 m =-lo dz= 31.25mm

b) SUPER-BONUS: What would be the maximum speed
at which the car could travel and NOT hit the barrier
40.0 m ahead?



Physics 11

OVi=Vitat @ V*=\t"+2ad

®d-vt+ 'Zl at®
—¢5 =124 + L (a9 4"

Unit 1: Kinematics in 1D
5 — Acceleration Due to Gravi
Y \li=0

e Inthe absence of air friction...

accelevite at the Same rate .

e Near Earth’s surface the acceleration is

—
4“ Py LJ ects Example: A studentfdropsAheir homework down a wishing well.
After 2.4 s it hits the Water at the bottom. How deep is the well?

9 Vizo d:y.{'l"éa'tl

- d 2:3* d= % (-94) (24)
3 = |— 1.0 m/g* a='—q8h/‘ d:@lsm The well 13
Tacdevatim due + gmvl‘f}p- e down i 2%m abnr
Example:
mox heild | Afootball is kicked straightﬁin the air a.
g - ! @

+1 A
‘ .

’gIS

V¢
,‘o"
/

;+

Nl=

a) How high does it go'-’
l'o“

e

6 d

b) What is its total hangtime?/ aivtime.

d=7

etld # | ethod #1
r:/;l.s Vi=Vi+at r\;ms../, Ve= Uk +at
az-q3  P=SHCA g g, -I5 =Sk (-9.9)¢
=7 t—ls“ifz 4: -30=--95¢%

V¢ = ¢ LTt Po“] Vf"'";"/s ‘t: 3.06 s

é? [Sms e

|5vn/,
a—-‘18u/,‘
Vf ¢ *el\\&xl\c)l‘t

Vf1= Vi'+ 2ad
= 15"+ 2(-18)d
-225 =-19.6 o

|dvee = 115m |

¥ de-lism

- 45-

Example A student stands on the edge of a 45.0 m high cliff. They throw their physics homework straight up in the air
at12.0 m/s.

a. Ho
\1i

longldoes it take fo come back down to the same height as the student?

0= axt+bX§
it falls all the way to the bottom of the cliff, how fast is it traveling when)it hits the ground’ ¢

Ve ,,f IA 1on

-b2 [b'-Gac
o Vet [ORE g
s V = |2'}( qS)'lj dz-45. d: Vit +éa+1’ . - 72Q
Ve=-2 - 24 =-9.9+4 \:-:_':‘ -5 = |2++-:l:(-q_s)-t
a=-‘]$ t= 245 4:? 0:_4-¢1{- +12t 445

ViV +2ad
VE=12542(-93) (-45)
Vi = 1026

Vi=-32.03 w/s

¢) Aiv dime.

Vo= Vet at
-3203=12+(-98)t
i+= 4.5 gec ’

e

(‘:o‘::ha" hejduc) *)To q.* ‘ko*& 4ime : l’{ ?7( Ve

2 V- Vitad
+ov Fimt.
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Worksheet 1.5 — Uniform Accelerated Motion

1) Bumblebee jumps straight upwards with a velocity of
14.0 m/s. What is his displacement of after 1.80 s?

(9.32 m)

2) A surprisingly spherical decepticon is rolled up a constant
slope with an initial velocity of 9.3 m/s. What is the
acceleration of the decepticon if its displacement is 1.9 m
up the slope after 2.7 s?

(-6.4m/s’)

3) Optimus Prime coasts up a hill initially at 11.0 m/s. After
9.3 s he is rolling back down the slope at 7.3 m/s. What is
his acceleration?

(-2.0m/s%)
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4) Sonic (you know, the Hedgehog) rolls up a slope at 9.4
m/s. After 3.0 s he is rolling back down at 7.4 m/s. How far
up the hill is he at this time?

(3.0m)

5) Luigi jumps straight upwards at 15.0 m/s. How high is he
when he is travelling at:

a) 8.0 m/s upwards?

(8.2m)

b) 8.0 m/s downwards?

(8.2 m, weird huh?)



6) Sick of his guff, Optimus decides to throw Megatron
down off the top of a building at 5.0 m/s. Megatron hits the
ground traveling at 32.0 m/s.

a. How long does it take to hit the ground?

(2.8 5)

b. How far does he fall?

(-51m)

7) Mario rolls a coin up a slope at 2.0 m/s. It travels 2.7 m,
comes to a stop and rolls back down. What is the coin’s
entire time of travel?

(5.45)
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@the time it takes to hit the ground.

8) While strolling along on Planet X an astronaut decides to
throw a hammer and a feather upwards at 5.0 m/s. They
both return to the point of release in 3.0 s. What is the
acceleration due to gravity on Planet X.

(-3.3m/s%)

9) Princess Toadstool stands on the edge of a 30.0 m high
cliff. She throws Bowser upwards at 20.0 m/s. If Bowser
falls all the way to the bottom of the cliff, find:

a. his velocity when he hits the ground.

(-31.4 m/s)

V:= V' 4+ 2ad
V= 20 4 2(-9.4) (-30)
Ve ==)L4} W/

V','. l()u[,
A= _q .‘ u/’\

T d=-30m
J0m Vi=- 343wy

€ V- +at

20w/,

G

’ ~3143 =20k (-98) 4
Ve -5lyy = -8t

b
(5.245)



	Kinematics Note Key Part 1
	Kinematics Note Key Part 2

