PHY 2053
Summer C 2013
Exam 1 Solutions

1. The forceis

F_ Gmm,
r.2
Forming a ratio

Gm;m,

F’ r2
F  Gmm,

r2

2 [P

_ I mm

12
r' mm,

The only combination that gives F'/F = 2 is doubling m;.

2. The speed of light is

mllesx8furl_ongs>< 60_3 ><60m|nx24hr>< 14da_1ys _1.8x10% furlongs/ fortnight
S mile Imin  1hr  1day fortnight

c =186,282

3. The distance traveled for the entire trip is

AX
Vavx:_
TAt
AX=v,, At
=(3aﬂ](75min) Lhr
hr 60min
=45mi

The distance covered during the first part is

AX

Vav X =

TAt
AX = V,, /At

=(30ﬂJ(30min)( Lhr j
hr 60min



AX, =15mi

The distance for the second part is

AX = AX, + AX,
AX, = AX—AX;
=45mi-15mi
= 30mi

The duration of the second part is

At = At, +At,

At, = At — At
=75min—-30min
=45min

The average velocity for the second part is

AX
Vavx:_
’ At
_( 30mi ) 60min
| 45min lhr
= 40mph

For the first 10 s, the distance is 120 m. This gives,

AX =V, At +3a (At)?
AX, = Vi At + 38, (A'[1)2
120m =v, (10s)+1a, (10s)’

12M = v, +(59)a,
S

Two seconds later,

AX, = AX, +48m =120m+48m =168m
At, = At +2s=10s+2s =125

AX, =V AL, +3 8, (Atz)z
168m =v, (12s) +1a,(12s)?



14% =v, +(69)a,
There are two equations and two unknowns,

12% =v, +(59)a,

14? =V, +(6S)a,
Solve the first equation for ay,

12" = v, +(59)a,
S

a =240 Y
S 5s

Substitute into the second equation,
147~ v, +(65)a,
S
m v,
=V, +(69) 24— —-*
iX ( )( 52 55)

v, +1440 12y,

S
14M _144M - g2y,
S S
—04M = 02y,
S
v, =200
S

5. The acceleration is

AX =V, At +1a (At)?

Ax=0+1a, (At)?

a - 2AX _ 2(100m)
o (At)? (10s)?

=2m/s?

The total distance is Ax = 100 m + 300 m = 400 m. The final velocity is



2 2
Vi, =V, =2a,AX

V.. =V, +2a,Ax
=0+2a,AX
V,, =+/2(2m/s?)(400m) = 40m/s

. The time it takes for the first stone to hit the water is

Ay =V, At+1a, (At)?
Ay =0+4a,(At)?

At:\/sz :\/2(—19.6m) 205

a, —9.8m/s?

The second stone must hit the water in At=2.0s—-1.0s=1.0s.

Ay =V, At +1a (At)*
v, At =Ay —1a (At)’

A
v :—y—%ayAt
At

iy
- ‘119(')6 M _ 1 (9.8m/s)(1s)
US

=-14.7m/s

. The run looks like,

45°

To add vectors we take components. By inspection for A



A =0
A, =20yards

For B,

B, = —Bsin45° = —(30yards)sin45° = —-21.2 yards
B, = Bcos45° = (30yards)sin45° = 21.2 yards

The components of C

C, =A +B, =0+(-21.2yards) = -21.2 yards
C,=A +B, =20.0yards +21.2yards = 41.2 yards

The magnitude of C

C=,/C+C,” = (-212yards)? + (41.2 yards)® = 46.3yards

. The picture looks like

The vector relation is

w O
Il Il
O >
| +
>

The components of A and C are

A, = Acos35° = (30N)c0s35° =24.6 N
A, = Asin35° = (30N)sin35°=17.2N

C,=Ccos0=(75N)cos0=75N
C, =Csin0=(75N)sin0=0

The components of B are



=C,~A =75N-246N=504N
C,~A =0-172N=-17.2N

BX
By
The magnitude of B is

B=,/B +B, =/(50.4N)? +(-17.2N)? = 53N

The angle is

B
0 = arctan—| = arctan

~17.2 N‘ 190

X

9. The figure is

Vws

The velocity of the rowboat relative to the shore is

_Ax _ 250m _1min

Veg = =————x=— =0.99m/s
At 4.2min  60s
The vector equation is
Vis = Vew + Vs
From the diagram
6 = arctan|"™s| = arctan| 008/ _ 390
Vs —0.99m/s

10. The time it takes for the ball to hit the ground is

Ay = v, At+4a, (At)?
=0+4a,(At)?

At \/ZAy _ \/2(—78.4m) 405

a, —9.8m/s?



The ball falls 80 m from the bottom of the building

AX =V, At +1a (At)?

=V,At+0
v, =g=80—m=20m/s
At 4s

Since the ball is thrown horizontally, the ball is in the air for the same amount of time
regardless of the magnitude of the throw. So again At=4.0s. The new range is 160 m,

AX = Vv, At
Vv, = A 160m =40m/s
At 4s
11. The range equation is
v.’sin26
R=1-"=7
g
The time of flight equation is
At, = 2v;sin@
g

Solve the time of flight equation for v; and substitute into the range equation,

_2v;sin@
9

v = 9ALe
2sin@

At,

The range equation becomes,

_v/sin26
I

( gAt. Y 2sin@cosd
_[Zsinej g

_ g°(At,.)* 2sindcosd
~ 4sin’6 g

R




12.

R g(At.)? cosé

2 sind
sind _ g(At,)?
cosd 2R
2
tan g = 92%e) (AL,)
0 — arctan g(At.) _ arctan 9.8m/s*(5.85s) _ 350
2R 2(240m)
Use the time of flight equation to find v;
At = 2v,sin@
9
2
Vv, = gA_tF _ (9.8m/§ )(5.855) _50ms
2sin@ 2sin35°

Since the field is level, the ball hits the ground with the same velocity.

Easier solution: The golf ball travels 240 m in the x-direction. It takes 5.85 s to travel
that distance. The x-component of the velocity is constant for a projectile and is

_Ax _ 240m

vV, =— = =41.0m/s
At 5.85s

The ball reaches its highest point at At = Ati/2 = (5.85 5)/2 =2.93 s. The y-component of
the initial velocity is

Vg —Vy, = a At
0-v,, =—gAt,
Vi, = gAt, = (9.8m/s%)(2.93s) = 28.7m/s

The initial velocity is

v, = v,0 +v,” = /(41.0m/s)? +(28.7m/s)? =50.0m/s

The final velocity equals the initial velocity since the motion is symmetric.

The weight is the Earth pulling down on the block. The interaction partner is the block
pulling up on the Earth.



13. The free body diagram is

A
F
v Mg
Using Newton’s second law,
Z F, =ma,
F-mg =ma,
2
a - F-mg _ 49000N —(1000kg)(9.8m/s?) _ 30m/s?
y m 1000kg

14. The free body diagram is

mg

Using Newton’s second law

D> F,=ma,
-f+F,cosd=0
f =F,  coséd

ZFV :may
N+F _ sind-mg=0
N=mg-F,_sin@

ext



The coefficient of friction is defined in

f=uN
Substituting for fand N,
f =uN
F,.cosé = u(mg — F_ sing)
= umg — uF, sin@
F,.cosé+ uF, sin@ = umg

_ 4mg

" cos@+ using
_ (0.3)(4kg)(9.8m/s*)
~ €0525°+ (0.3)sin 25°
=114N

15. The free body diagram is

Using Newton’s second law,

D> F,=ma,

mgsinéd = ma,
a, = gsind =(9.8m/s?)sin30° =4,9m/s’

Since the acceleration is independent of the mass, so are all the other kinematic variables.
The final velocity is still 10 m/s when the mass of the roller coaster is doubled.

16. The free body diagram for ma is

10



Using Newton’s second law,

Z I:x = mAax

T-m,gsind =m,a,,

For mg,

mMgg

Again using Newton’s second law,

z F, = Mga,
T- MgQ = Mga,,

Since blocks A and B are connected they move together. Suppose we call their
acceleration a. If A moves up the incline, B will descend. This gives,

a, =a and ag, =—a
The two equations from Newton’s second law become

T-m,gsind =m,a,,
T-m,gsind=m,a

11



and

T-mgg = Mgag,
T-mgg =mg(-a)
mgg—T =mga

We have two equations with two unknowns (T and a)

T-m,gsind=m,a
m,g-T =m,a

Adding the two equations cancels the T,

m,g —m,gsin@=m,a+m.a
(mg—m,sin@)g =(m, +m,)a
. o 2
4o (mg —m,sin&)g _ (5kg —10kgsin37°)(9.8m/s%) 067m/S
(m,+m,) (5kg +10Kkg)

The acceleration is positive if B ascends. Since the acceleration is negative, B descends
with an acceleration of 0.67 m/s?.

17. The angular velocity of the wheel is

re_v y 27 rad 8 1min _ 3'77@
min rev 60s S

=36

The angular displacement is

AG
0=—
At
AO = wAt = (3.77rad/s)(45s) =170rad

18. A diagram would be

mg

12



There are two forces acting on the water in the bucket, its weight and the normal force of

the bucket pushing on the water. At the top of the circle, both forces point down. When
we apply Newton’s second law,

ZFr =ma,

2
v
N+mg=m—
-

(Since the radial direction is downward, forces downward are positive.) When the water
just barely stays in the bucket, the bucket is not really pushing on the water. That means
N=0,

2
v
N+mg=m—
r

2
0+mg -m_

r
v=./rg =/@m)(9.8m/s?) = 3.1m/s
19. The operating speed of the Eye is

p=20 _27rrad IMiN_ 4 46,10 radss
At 30min 60s

The angular displacement while it accelerates is
A0 =1%(w, + ®)At =%(3.49%x10° rad/s + 0)(20s) =3.49x 10 rad
20. The net acceleration is the sum of the radial and tangential accelerations,
d. =4, +a,
Since the radial and tangential directions are perpendicular to each other,
a, =a’+a’
From the radius and the angular speed, the radial acceleration can be found,
a = ’r =(2rad/s)*(0.25m) =1.0m/s*

Since the net acceleration is also known, the tangential acceleration can be determined,

13



2 2 2
A =8, +&
2 2 2
a =3y —&

a, = /a,’ —a’ =/1.6m/s?)? - (1.OmM/s>)’ =1.25m/s’

The tangential acceleration is related to the angular acceleration,

a =ar
2
o= 1.25mfs” _ 5.0rad/s?
r 0.25m

14



