PHY2053
Summer 2012
Exam 1 Solutions

The period is proportional to the square roatolength

TOVL
Forming a ratio:

Lo |k

L VL

We wantT, = 1.5T;. Substituting
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The definition of average velocity is

X,av At

whereAx is the total distance traveled. For the first péthe trip,

Ax =VvAt=70 mllesx§ hour=52.5miles.
oul
For the second part,
DX, = V,At = 50mllesxl hour=25miles
houl

Overall,



:§ _ 525 miles+ 25 mlles: 62 miles/hour

Vv
¥ At 075hour+ 05hour

Use

2 2 _
ViV, =2alx

Vi Vi _ A5m/9’ - (@ m/9?’

20X 2(20m)

a= =36m/s

First find the time it takes for the cage tothi& ground.
Ay =v, At +1a (At)
=0-1g(at)’

At= TR o [ZAT2M) _ oo
g 9.8 m/s

Princess needs to run 3 m in that time.

Ax=v, At +1a (At)?
=0+3a,(At)?
_2Mx _ 2(3m)

a,

== _=118m/¢
(AY)? (2269

Solve for the initial speed.

Ay =V, At +1a (At)?
= v, At - g(At)?

_Ay gAt_-37m (98 m/s’)(3.79)

= =813m/s
At 2 37s 2

Find the components of each vector. For thahee

A = Asin30 = (150yardskin30 =75yards
A, = Acos30 = (150yards)cos30" =130yards

For the second shot



B, =—-Bsin45 =—-(120yardskin45 =-84.9 yards
B, = Bcos45 = (120yards)cos45 =84.9yards

B

O

Add like components

C,=A +B, = (7/5yardsH (-84.9 yard9 = -9.9 yards
C, = A +B, =(130yards)+ 849 yardg = 215yards

The calculator gives

f= tan’l(gzj =-87

Since thex-component is negative, we add 180 get 98 or 3 W of N.

We have

>
+
!
+
O!
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Taking components
A +B,+C, =0 A +B,+C, =0
Solve forC, andCy
C,=-A-B, C,=-A -B,
We need the components Af and B :

A =Acosd, = 60N)cos30 =43.3N
A = Asing, = 60N)sin30' =250N



B, = Bcosf, = (fON)cos90 =0
B, =Bsing, = (fON)sin90" =700N

Finding the components @& ,

C,=-A -B =-(433N)-0=-433N
C,=-A -B,=-(250N)- (fOON)=-950N

The magnitude o

C=,/C+C,> = /(-433N)? + (-950 N)? =104N

From the calculator

C _
tan’| =2 [=tan™ 90N _ 65
C -433N

X

But sinceCy is negative, add 18@0o get 245,

The relative velocity equation for this situatis

<l

TC = VTG + VGC

The velocity of the ground relative to the carhis hegative of the car relative to
the ground, and

Thex-component equation
(Vre)y = (Vi) = (Veg )« = ~V4 SIN35 —0 = —@5km/hr)sin35 = -48.8 km/hr
They-component equation

(Vre)y = (Mre)y = (Ve )y = Vi €OS35 — Vg = (85 km/hr)sin35 —(110km/hr)
=404 km/hr

The velocity is

Vie = J[(Vee) J +[(Vie),J? = [-488 km/hr]2 + [404 km/hr]? = 63km/hr



10. If a projectile is shot horizontally,, = 0. All objects thrown horizontally will
take the same amount of time to reach the groiNwhe of these choices will
make stone stay in the air any longer.

11. The motion in th& direction gives the initial velocity

AX = v At
Vv, = Ax _105m _ 25m/s
At 42s
V,, =V, C0S25
Y - 250mM/s 276m/s

\/i =
cos<2% cos<2%

Thex-component of the velocity is unchanged siace 0. They-component of
the velocity is found

Vi —V, = a,At

Vg, =V, — gAt =V, sin25 - gAt = (27.6 m/g)sin25 - (9.8 m/s’)(4.29)
=-295m/s

The final speed

v, =4V, +v,” =250 m/9? +(-295m/9? =386 m/s

12. The forces act on different systems. The dtaits to move because my force is

greater than friction.

13.  The free-body diagram is

<« —>
FW

Newton’s second law gives

> F,=ma,
Fo—FKy,=ma
Q= F. —F, _600N—-200N —Am/
m 100kg



14. The free-body diagram is
N T
fi

Mg

Thex-component

> F.=Ma,
F,. cos35 — f, =Ma

They-component

2. F,=Ma,
N +F,,sin35 -Mg =0

There are three unknowns, Fe, andf,. We need another equation.
fe = 4N
Solve thex-component equation fdy
f. = F,, cos35 —Ma
and they-component equation fdu
N =Mg - F,, sin35
Now substitute into the definition @

F,. cos35 —Ma =y (Mg -F,,sin35)
= uMg -y, F,, sSin35
F,. cos35 + 4, F,,sin35 = Ma+ 1, Mg



__ M(@+x09)

c0S35 + 44, sin35
_ (BKg)[1m/S + (04)(9.8m/S)]
- cos35 + (04)sin35
=141N

ext

15.  The free-body diagram is (assuming the bloclesidown the incline)

Taking thex-axis along the incline

D F.=ma,
f —-Wsin@d=0
f =Wsind

and they-axis perpendicular to the incline

2 F =ma,
N -Wcosg=0
N =W cosd

Since the block is sliding, use the coefficienkiofetic friction

fe =N
Wsiné = 4 W cosf
tand = 4,
g =tan™ 4,
=tan™ (04)
=218



16.

The free-body diagram for the left block is

Again, take thex-axis along the incline

> F.=ma
T-f,-Wsind=0
f,=T -W,sind

Along they-axis,

2 Fy=ma,
N -W, cosfd =0
N =W, cosé

The free-body diagram for the other block is

Using Newton'’s second law with this free-body deayg

> F,=ma,
T-W,=0
T=V\/2



The three equations are

f,=T -Wsind
N =W, cosd
T=W,

Plug the last equation into the first

f, =W, -W,sing
N =W, cosé

The definition of the coefficient of static friot

fo< uN
W, -W,sinég, < u\W, cosf

Since the blocks have the same m¥gss W, and they cancel

1-sinf < p cosf
1> 1-sin@
* cosd
12 1-sin37
°" cos37
M= 050

17.  The angular speed is defined as

LAY

T At

:2ﬂradx lday 8 1lhour 8 1minute
lday 24hours 60minutes 60seconds

= 727x10° rad/s

18. The free-body diagram is

O—F O

Eartr Sur

v



Applying Newton’s second law

> F=Mga
V2
F =MET

The force is found from Newton’s law of gravity

The velocity can be found from the time it takesdmplete one orbit

distance
V=—
time
o
T
_271(1.50><10”m)>< lyear ~ 1day  lhour
lyear 365days 24hours 3600s
=29900m/s

The Sun’s mass can be found from Newton’s secanvd |

v
F=M E T
GM_ M V2
rEz SEM =y
vr
Ms=g
_ (29900m/9)* (L50%x10" m)
667x10™" N [n*/kg®
=20x10"° kg

19.  After 60 revolutions, the angular speed iseM@s. Convert all to radians

2nrad

NG =60revx =120mrrad
rev
a)=16@x 2nrad — 307 rad
S rev S
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20.

Find the angular acceleration

W’ -’ =2ah0

2

w’ -’ _ @2rrad/y’ - (0)?

a= =134rad/s
200 2(120rrad/y
The time is found
AG = it +1a(At)?
=0+3 a(At)?
= 80s

At :\/ZAH _\/ 2(68.2rev)  27rrad _

a 134rad/$  rev

The radial acceleration is

a=—=-""—"=0833m/s

The tangential acceleration is

a =ar = (25rad/$)(0.3m) = 0.750m/s’

The net acceleration is

a=./a’+a> =,/(0.833m/$)* + (0.750m/S)* = 112m/s’
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