HO 1 Solutions

1 a) im0 - g=d_datdy
] vy = 4.0 m/s Bty
e . = 200m g0 g g, =B B0m 4
x;=-80 m vy =7.0 m/s Si2 (4m) S23 (7m)
s S
s_i_d12+d23 200 m+280m _ 53 M
A 50s+40s s
b.) p A _xmxm  80m=0_f ey m
YAt -1, 90s-0 s
Velocity is the slope of the x-¢ graph.
a.) The slope is zero at point  IV.
b.) The slope is constant and positive between points  II and III.
¢ (min) c.) The slope is constant and negative at point V.
12345678
d.) The slope is increasing in magnitude between points I and II.
e.) The slope is decreasing in magnitude between points Il and IV.
3) a, (m/SZ)
Ar m
- v, =12 —
6.0 \ o S
1 m) 1 m m
1 Av=A —t)=A,+A,=—(45s)|6=5|+=(25)|-3—=|=9 —
iy Svmdrela=)= A e, = S)( S2)+2( s)( 32) :
40 6.0
-3.0
Av=9 E=v—v0 andv=v +Av=12 LI RLL L
s S s s
m
4) Ax=80m,t=700s,v,=15 —
s
a.)
2(80 m
Ax=(u)t so vl=2Ax—v2 ( )—15 Z_l786 2
2 t 7s s s
(15 _7386 m)
b.) a=lv_Yamvi _\ s S/ l1o2 2
At t, -t 7s s
5) Ax=420m, v,=0,t=160s
2(420 m
Ax=(u)t SO v, 2Ax ) ( )— =525 &
2 t 165 S




HO 1 Solutions
m m
6.) forfreefall, a=-g=-9.8— and v, =500 —, y,=40m
s s

a) y= —%th FV Y, = (-4.9?)# + (5.00 ?)t+40 m

2)(0.5 s)+40m=[413m
S

att=05s, y(0.55s)= (-4.922)(0.5 5) + (5.00
|

atr=20s, y(2.0 s)=(—4.9 (20 s)2+(5.00 2)(2.0 s)+40m={304 m

S

V=gl +v, =-(9.822)t+5.00 = s (05 s)=-(9.822)(0.5 5)+5.00 ==|0.10 =
S S S S S

¥(20 s)=-(9.822)(2.0 §)+500 —=|-146 —

S S S

b) y=0=Ay=y-y,=0-40m=-40m

2
V2 =v2 +2aAy 50 v =24V +2aAy = iJ(S.OO 9) + 2(—9.8 32)(-40 m) ==284 0 |-284
S S

S S

(Since the bag is going down (on its way to the ground) the velocity will be negative.)

v (m/s)

7) 4 a) a=slope=2Y 2=
40 At oty -1,
30 +
20 t=3s, a=slope=[0]
10 + (4() m_ 1 m)
(s) t=7Ts, a=slope Av _ V2o S S
I I I I » (S = N = =— = = =
T 1 | L _ _
246 8101214 At - (10s-65)

A (o M _40 m)
t=11s, a=slope=—v=vz_v‘= S S/ _

At t, -t (14s-105)

m 1 m
= 10s, Ax=(20 ?)(10 ) +5(20 :)(4 5)= 200 m+40 m=|240 m|
1 m
t= 145, Av=240m +E(4O ?)(4 $)= 240 m+80 m=|320 m]|

8.) v atr=0,v=0andx=0

20 m/s AX=AXI+A)C”+AX”1=]801’I‘1

Ax, = area = l(8 s)(202)= 80 m
2 s

v
~

8s 10s 16 s



HO 1 Solutions

Ax, =40 m = area = (20 E)At”
S

40 m

=

Axy =Ax—Ax; —Ax,;, =180 m-80 m-40m=60m and Ax,,,=60m=area=%(202)m‘,”
s

so so Ar, = =2s

2(60 m)
so A, = =6s
S
X
A N (20“1-0)
a v S m
Loa=—t-r > o950
180 m - At, 8s s
/ 2.5 mls?
120 m .
‘_f
80 m 4 8s 10's "
-3.3 m/s?
— »
8s 10s 16 (0_20m)
_ BV S




HO 2 Solutions

1)

I.  uniform acceleration Ax, =3000 m, v, =0, v=24 m
S

II. constant velocity t=430s, v= 24 m
S

III. uniform acceleration a =-0.065 22, v, =24 m ,v=0
S S

ey (22 )

vi=vl+2aAx so a= = = 0.09622
2Ax 2(3000 m) s

a.) for motion I,

b.) for motion III,

v2 =v2+2aAx 50 Ax,, = 2o =[4431m

c.) for motion III,

v=at+v, =(—0.065 2)(160 s)+24 = =[136 =

s? S S

total

_Ax

d) v,
At At

total

Ax,,. = Ax, + Ax, + Ax,, and for Il Ax, = vt = (24 ?)(430 $)=10320 m

(v+v,) 2Ax,  2(3000 m)

1 SO tl=(v+vo) (24 m+0)
S

At =250s

=t,+t,+t, and forI, Ax =

total

for I, Ax=@t SOty = 20y, _ 24431 m) =369.25s

(v+v,) (0+24 m)

N

therefore: Ax,,, = Ax, + Ax, + Ax;; = 3000 m+10320 m+ 4431 m=17751 m

total

At =t +t,; +1t; =2505+430s+369.255=1049.25s

total ~

and v, =—@d-— " = 1692
At S

total




HO 2 Solutions

2)

m

m m . .
Car: v, =20 —, x,,=0, a. =18 — ,and v, =25 — then car remains at this speed
s s s

Truck v, =18 2, X, =50m,and a, =0
s

2 2
Ve = Veo

2a,

o

a)  while the car is accelerating: v. = vZ, +2a.Ax, 50 Ax. = X, — X, =

b.)  Find the time in which the car is accelerating.

(ve=ve,) ((25 T)_(zo I:)) —278s

Ve =act+ Vg, SO I = = ( )

a m
¢ 1.8 —
s
Find the position of the truck after the car stops accelerating.

Xy =Vt Xy, = (18 9)(2.78 5)+50 m=100 m
S

After the car stops accelerating:

The position for the truck is, x; = vt + x5, = (18 E)t +100 m
S

The position of the car is, x, = vt + x5, = (25 E)t +62.5m
s

The car passes the truck is when x, = x,

(18 E)H 100 m= (25 E)t+ 62.5m
S S

m _ _ (37.5 m) _
or (7 :)t—37.5mand t_(7—n’1)_

S

3) Freefallso a=-g= —9.822, y,=30m,and v, =245 m
S S

a.) atalltimes a=-g= —9.822
s

b) r=25sand v=—gr+v, =—(9.822)(2.5 5)+24.5 = =[0]
S S

Ay
At t

The position at 1 =4.0 sis, y = —%th +V I+Yy, = (—4.922)(4.0 s)2 + (24.5 E)(4.0 s) +30m= 49.6 m
s S

C') Vave

o v, =2=Ye_ (496 m-30m) _ 19
t (45)

m
S




HO 2 Solutions
3) (cont’d)

d) y=24dm=Ay=y-y,=24m-30m=-6m

2
v2 =v2+2aAy s0 v==2q/v] +2aAy = :\/(24.5 E) + 2(—9.8 %)(—6 m) = 268 2= -268 =
s s

S S

e) onthegroundy=0and y= —%gt2 +v,t+y,s0 0= (—4.922)1‘2 +(24.5 E)z‘+ 30 m
s s

Using quadratic formula:

4.) Burnphase: Ay=68m, v, =0, v=30 m
S

Free fall: y =68 m, a=—g=—9.8E v, =30 =
s s

pmsy (22 )

a. during burn phase: v =v2 +2aAy so a = = =16.62 n
) soump o T 24y 2(68 m) 5

2 2
Vo=V,

b.)  at maximum height v=0 and v* = vf +2aAy and Ay = 3
a

oy )

+y, =
2a 2(—9.8 “j)
s
c) onthegroundy=0and y= —%gt2 +v,t+y,s0 0= (—4.922)t2 +(30 E)z‘+ 68 m
s

s
Using quadratic formula:

Therefore: y =

+ 68 m=[T4]

alternatively the time equals the time to reach the maximum height plus the time to fall back to the ground

time to reach the max height is when v=0 and v=-gt+v,

by 1072

S0 t, = = =3.06 s and the time down is found from y = —lgl2 +V I+,
-8 m 2
(—9.82)
S

where y=0and v =0 so O=—%gt2+yo and t, =

2y, _

the total time is therefore ¢t =1 +¢,=3.06s+4.82s=

d) ontheground y=0=Ay=y-y =0m-68 m=-68 mand v’ =v_ +2aAy

2
50 v =2q/v7 + 2ahy = i\/(so E) + 2(—9.8 32)(-68 m)=x4720 - _472 =
S S S

S




HO 2 Solutions

alternatively since we know the time for free fall

- —472 2
S

»|B

v=—gitv, = (-4.922)(7.88 5)+30
S

Either way the speed when the rocket returns to the ground [y = 47.2 m
s

5.) looking at the velocity-time graph

VoA
Vimax T The area under the graph is the total displacement
1 i
> Ax = Area, + Area,; =100 m
40s 91s ¢
100 m
so 100 m= l(4.0 $)Viar +(5.1 8}V, and v, = ( ) -1409 2
2 : T (70) s
A (14.09 = 0)
The average acceleration for the first 4.0 s is therefore a,, = Sohth > =(3.52 22
t -t (40s-0) s
alternatively

the velocity after the first 4.0 s is v = a#; and the displacement is Ax, = %al2 +V t= %a(4.0 s)z = (8.0 sz)a

the displacement in the final 5.1 sis Ax, =vt=at;t, = a(4.0 s)(S.l s) = a(20.4 sz)

the total displacement is 100 m so Ax =100 m= Ax, + Ax,, = (8.0 sz)a + (20.4 sz)a = (28.4 sz)a

. (100 m) m
therefore the acceleration is a = ~— =13.52 —
S

(2845)




HO 3 Solutions

1) v(t)=a+b* where a=3.00" andb=0200—1%
S S

a) ay =202V gy 2(0)= (3.009)+ (0.20023)(0)2 =300
At t,-¢ s s S
v, = v(5s) = (3.00?)+(0.200?)(55)2 - 8.00?
(s.oom— 3.00m)
v, =V S S m
a, = - -[105
Y-t (5s-0) s

b.) a=ﬂ=i(a+bt2)=2bz=2(0.200$)t
dt dt S

a(8's) = 2(0.200823)(8 5)=[325

a(13s)= 2(0.200823)(13 s)=[525

a(15s)= 2(0.200823)(15 s)=[605

2)  x(1)=342 m+(0.60022)t2 - (0.100%}6
S S

v(t) = % - 3(3.42 m+ (0.600 %)ﬁ - (0.100%);6) - 2(0.600%); - 6(0.100 %)ts
t S S S S

v(t) = (1 200 - (0.600 26)# )r
S S

so v(f)=0 when (1.200%-(0.600%)#}0 and 7 = 0
S S

Vi
o o 12002
(1.200—2—(0.600—6)t4)=0 when  r=|——S-| = 1195
s s 0.600
S

x(0)=342m+ (0.6003—2)0 —(0.1008—6)0 =

x(1.195)=3.42 m+(0.600§)(1.19 )’ - (0.100826)(1.19 5)" =

a(t) - E dt

dv_d (1 .200%:-(0.60026)t5)= 12003 - 5(0.60026)# - 1.200%-(3.00%);4
S S S S S



HO 3 Solutions

m m) 4 m
a(0) = 1.2008—2—(3.005—6)0 = 1200

a(1.19s) = 1.20022—(3.0026)(1.19 5)' = |-4825
S S S

3)  x(r)=(21+22:-6.0¢’) m

A nox [(214223)-6(3)") m-(21422(1)-6(1)"| m

y, == - =|-202
At t, -t 3s-1s s
4)  x(1)=(200-6.0 +40) m
=227V g ()= i(z.oﬁ ~6.0r*+4.0)=(6.0r* ~12.01)
Attt dt dt s
(6003’ —12.0(3))?—(6.0(1)2 -12.0(1))? —
e = 3s-1s NS
50 x(1)=(24r-20¢)m
dx d m
W)= = E(% ~20%)=(24 - 6.0t2):
. 2\ M 24
not moving when v(t)=(24—6.0t )—=0 or t= o s=2s
S
dv d m m m
alr)=""= 5(24 -6.0%) = (-1201) 5 and  a(25)= (-12.0(2))5—2 =24
6) x,=20m and x,=80m when ¢=25s
when x,=80m, \/2=2.8E
S
, = (V' ! )t+)c1 so v = 2(x2t_ %) -v, = 2(82—52)m 288 -202
DS S S

mnol 5




HO 3 Solutions
7) a=ot and a=15m/s’

. dv . . . . S .
a.) since a = o the velocity can be obtained from acceleration using the anti-derivative of acceleration
t

v=a—+C, and the constant C, can be found by applying the boundary condition v(l s) =50m/s.

2
1
C =v-al so cl=(5.02)-(1.523)( ) _425™  nd v=(1.523)%+4.252
S S S

2
therefore, 1v(2.0's) = (1 .52)@ +4252 - |7250
S S S

. dx . . . . Co .
b.) since v = o’ the position can be obtained from velocity using the anti-derivative of velocity
t

3
x=a % +C,t +C, and the constant C, can be found by applying the boundary condition x(l s) =60m

3

3
C,= x—a%—Clt 0 C,=(60 @-(1.5%)%-(4.252)(1 s)=15m
S S

3

(205)’
6

and x(1) =152 |2 +(4252 )i +1.5m  therefore, x(20s)=[1.52 +[4252)205)+15m=|12m
s°) 6 s s’ s

8) a=At-Bi*,where A=120-= and B=0.120-2
S S

. dv . . . . S .
a.) since a = o the velocity can be obtained from acceleration using the anti-derivative of acceleration
t

2 3

v(t) =A % -B % + C, and the constant C, can be found by applying the boundary condition V(O) =0.

t2 f3 2 3

Co=v(1)-AZ+B= so C/=0and v(t)=(1.20$)%-(0.12024)%= (0.603)#-(0.04024);3
S” S S” S

. dx . . . . S .
since v = o’ the position can be obtained from velocity using the anti-derivative of velocity
t

3 4

x(t) =A % -B i—z + C, and the constant C, can be found by applying the boundary condition x(O) =0

3 4 3 4
C, =x(t)—A%+Bi—2 0 C,=0and x(r)=(1.20$)%-(0.12024)%= (o.zo%)ﬁ -(0.01%):4
S” S S S

t B (0.120)

therefore maximum velocity is V(IO s) = (0.60 ?)(10 s)2 - (0.040 824)(10 5)3 = (20—




HO 3 Solutions

9)  v(r)=a-pr* where a =500 m/s and f =2.00 m/s’

. dx . . . . Co .
a.) since v = o’ the position can be obtained from velocity using the anti-derivative of velocity
t

3
x(t) =ar-f % +C, and the constant C, can be found by applying the boundary condition x(O) =0

3 3 3
¢ =x(t)—at+ﬁ% so C, =0 and x(t)=at—/3’%=(5.00 9):-(2.00 2)%= (5.00 2)t-(0.667 2)#
S S S S”

a=""=(a-pr*)=-2pr = —2(2.00 ?)t - (-4.00 ?)t

——< =255
m

b.) maximum displacement occurs when v = fl—x =0 or v(t) =a-pt°=0and t=
t

S

x(+255)- (5.00 2)(& S)—(0.667 ?)(«/ﬁ s)3 =[527m

10.) a.) forfreefall, a=-g= —9.822 and at maximum height v=0 and Ay =0.52 m
s

v? = v +2aAy so at maximum height 0 = v} + 2aAy or v, = 4/-2aAy = \/—2(—9.8 22)(0.52 m) 1o
s

b.) when the flea returns to the ground Ay =0

Ay = —%gt2 + vt and when it returns to the ground 0 = —%gt2 +vgtort=—2=————"-=PD65s




