Physics Answers
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Ves, = VesSind5®
30.0 km/h)sind5®
12 km/h

Because of the 45° angle, the magnitudes of the components are the same.
Therefore,

Ves, = 212 km/h.
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N Choice 2:
a) Given: r - 0.30
m = 0.050 kg
Required: Minimum possible v

Analysis and solution: The minimum speed will occur when there is the
minimum possible force. The minimum force in a vertical circle of any type
occurs at the top of the circular path. To have the least possible force, the only
force providing centripetal force at the top will be the force of gravity.

At the top let DOWN be positive:
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v = (9.8 m/s’)(0.30 m)

v= 1715 m/s = 1.7 m/s to 2 significant digits

Paraphrase: The minimum possible speed that the yo-yo could have is 1.7 m/s.
If the yo-yo spins any slower than this, it will not be able to maintain the circular
path.
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b) Required: Maximum force of tension

Analysis and solution: Maximum force of tension will occur in the string
when the yo-yo is at the lowest point in its swing.

Let [up] be positive.
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v’
—+mg
T

0.050 P
B (0.050 kg)(1.715 m/s) (0050 kYO8 mis®)
0.30 m

E=098N

Paraphrase: Therefore, the force of tension in the string will be the greatest at the
lowest point in the yo-yo’s circular path, and will have a magnitude of 0.98 N.
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4. a) Given: k=100.0 N/m
x=11L0cm
Required: W
Analysis and solution:
W= AE = %k«
W = % (100.0 N/m)(0.110 m)’

W =0.605]
Paraphrase: Therefore, 0.605 J of work is done to compress the spring.
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b)

‘When the spring is compressed by 11.0 cm, the total energy in the system is
in the form of elastic potential energy. There is no kinetic energy.

‘When the spring is released, the elastic potential energy is transformed into
kinetic energy.

As the spring passes equilibrium (that is, the position at which it would
have been at rest before compression), it has maximum kinetic energy and

zero elastic potential energy (due to no stretch or compression). The total
energy in the system is in the form of kinetic energy.

As the spring continues its motion, it proceeds to stretch to a position of
11.0 cm on the other side of the equilibrium position. As it does so, kinetic
energy is transformed into elastic potential energy again.

At maximum stretch, the kinetic energy becomes zero again as the spring
stops stretching and begins to compress again.
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Ik ¢) Given:x=55cm

Required: v

Analysis and solution:

B = Eanal

E = W=0.605]
0.605 J=E, i + Bz
0.605 ] = Yhkx” + Yamv®
0.605 ] = %(100.0 N/m)(0.055 m)* + %(0.065 kg)v’*
0.605J = 0.15125 J -+ 14(0.065 kg)v*
0.45375 ] = 14(0.065 kg)v*
v =/(2(0.453757)/0.065 kg)
v=374m/s

Paraphrase: Therefore, the speed of the object as it passes the point of being
compressed bv 55 cm i< 374 m/s
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N
5. a) Leteastbe positive.

E-r = };T

V10 + 1, V20 = 1 Vig + 11, Vg

(0.10 kg)(12 m/s)+(0.05 kg)(0) = (0.10 kg) s +(0.05 kg)(14 m/s)

Vir = 5.0 m/s

The velocity of puck A after the collision is 5.0 m/s [E]. (3 marks)
b) E At =mv; —my,

¥
F,.(0.20 s) = (0.10 kg)(5.0 m/s) — (0.10 kg )(12 m/s)
0.20F,, = —0.70 kgm/s

F.=-35N

et

Fou =35 N [W]

The net force acting on puck A is 3.5 N [W]. (3 marks)
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6.

Draw the given velocity vectors:

Ve = —
¥y, = +14.0
¥y =0

Now use conservation of momentum for the components.
For the x-components:

Prox = Prsx

My b My = (mk mo)v
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(72.0)(0) + (@42.0)(14.0) = (114)v,,
Vg, = 5158 m/s

For the y-components:
Proy =Py

MYy + MYy, = (m+ n12)vfy

(72)(-11.0) + 42)(0) = (114)vy,
Vi, = ~6.947 m/s

Find the final velocity of the two skaters, using the following triangle:

5.158 m/s

6.947 m/s
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v, = (5158 m/s)’ +(6.947 m/s)
¥, = 8.65 m/s

To find the direction:

6.947 m/s
ané =

5.158 m/s
6=>534°

The final velocity of the two skaters is 8.65 m/s [E 53.4° S]. (6 marks)
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W 7« a) The radius of the earth is 6.38 x 10° m; therefore the radius of the orbit is

6.38 x 10°m + 6.0 x 10°m = 6.98 x 10° m.
E;=FE;:

net = g’

The speed of the satellite in orbit is obtained using

mv’ _ GM_
7

r r

_\/(amxlo’“ N’ fkg”)(5.98x10” kg)
= 6.98x10° m

v=7560 m/s
The speed of the satellite is 7560 m/s. (4 marks)
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b) F=mg and F?=GI\;[m
g “ I

GM,,

S0 mg=—;
-

_GM

=5

(6:67x10™" Nm’ /kg” )(5.98x10* kg)
(6.98x10° m)’

g=

¢=8.2Nrkg
The gravitational field strength at this altitude is 8.2 N/kg. (3 marks)




image21.png
¥ 8  a) Letright be positive.

q,=+4.0x10°C ¢,=-4.0x10°C z
4.0m o 3.0m
———————————————— o
o Fy Fey
)
- 4, »>
me \‘/ FM

Ba= =P+ (+ha)
__kag.  kag,
=
P (9.0x10° Nm?/C*)(4.0x 10 C)(3.0x 10 C)  (9.0x 10°Nm’/C*)(4.0x 10° C)(3.0x 10 C)
T (707 * 30y

F,, =098 N [right]

The net force on a third charﬁe glaced at point Z will be 0.98 N [right]. (4 marks)
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b)
_ kg, | kg, , kg

Epoy=
R
o= k[m LN u]
-
f T
o on | (40X10° C)(40x10° C)  (40x10° C)(=3.0x10° C) {-4.0x10° C}(-3.0x107 C}
Egy =9.0x10° Nm*/C* i +
40m 7.0m 3.0m
B =154

The total electric potential energy will be -5.66 J. (4 marks)
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9.  a) First, determine the magnitude of the force:
F,=qvB
F, = (16 x 107 C)(3.0 x 10° m/s)(2.2 T)
F,=11x10"N

Now, using the right-hand rule, point your thumb east and your fingers down,
and your palm will push north. Therefore, the direction of the magnetic force
on the proton is north.

Fr=1.1x 10" N [north]
The magnetic force on the proton is 1.1 x 10™° N [north]. (3 marks)




image24.png
A

b) The proton will move with uniform circular motion.
E.=F

et

and F,

het

=E. (circular motion)
mv’

o — B
r

my
K
_ (167x10™ kg)(3.0x 10" m/s
TT T tex 107 o)z2T)
r=0.0014 m

-

The proton will experience uniform circular motion in a circle with a radius
of 1.4 mm. (2 marks)
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10. a) Given:
d =0.0950 mm = 9.50 x 10°m

L=200m
4Ax = 5.38 cm; therefore, Ax = 5.38 cm/4 = 1.345 cm = 0.01345 m

X, =8.06 cm = 0.0806 m

0=3.08°
Required: A (calculated three ways)

Analysis and solution:
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Method 1:

A
Ax ==
d
A= dAx
I
5, = (9:50 107 m)(0.01345 m)
B 20m
A=638x107 m =638 nm
Method 2:
Xn _mh
L d
P
mL
_ (9.50x10”° m)(0.0806 m)
B 6(2.00 m)

A=638x107 m=638m
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Method 3:

siné,, :m_k
d
A= dsing

m
(9.50 x 10~ m)sin3.08
8
A=638%x10" m=638nm

A=

Paraphrase: Therefore, the wavelength of the light is 638 nm.
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b) Two possible changes:
« Decrease the distance between the slits

« Move the screen further away

c) i) Ifone of the slits were covered, the pattern would change so that there
would be one larger, central maximum and the pattern would not be as
clear.

i) If the light were shone through a diffraction grating, the pattern would be
much clearer and there would be fewer minima and maxima present.

These changes would happen because, with increased openings, there is
increased constructive and destructive interference.
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1.

Choice 1:

Light is an electromagnetic wave. The electromagnetic wave is made up of an
electric field and a perpendicular magnetic field that propagate one another
through space. An electromagnetic wave can be created by an electronic device,
such as a capacitor, which is connected in a circuit to a device that can create

a magnetic field, such as an inductor. A charged capacitor will lose its charge
through the inductor, causing the inductor to create a magnetic field. The inductor
tries to maintain the current by charging up the other plate of the capacitor. By the
time the inductor’s magnetic field collapses, the capacitor has been recharged with
the opposite polarity. The capacitor proceeds to discharge through the inductor,
again creating a magnetic field, but this time, the current is moving the other way
through the circuit. The repetition of this process creates an oscillating current
(that is, a current that switches direction). This oscillating current is transmitted
into the antenna of the transmitter. The accelerating oscillating charges, with their
changing electric field, create a varying magnetic field, which in turn creates a
varying electric field, and so on.
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perpendicular to energy transfer. If particles vibrated parallel to the direction of
energy transfer, no energy would be blocked by confined openings.

Non-polarized sunlight is naturally polarized
o when itreflects from a surface (horizontally polarized).
« through the scattering of light by particles in the atmosphere.

One application of light-polarizing materials is sunglasses. Sunglasses can be
polarized (vertically) to cancel out the horizontally polarized sunlight that reflects
from surfaces.
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Lhoice 3:

a)

b)

Dispersion refers to the separation of light into colours, when it travels
through another material besides air. White light is composed of all colours.
‘When travelling in air, all wavelengths of light, and therefore all colours, travel
at the same speed. However, when light enters other media, such as a film of
soap, the different wavelengths travel at different speeds. Because of this, light
that travels at an angle through a material experiences different amounts of
refraction—depending on individual wavelengths and speeds—and exits the
other side of that material at slightly different angles, so that individual colours
are visible.

‘When light hits the thin film of a soap bubble, some of the light immediately
reflects, while some of the light goes through the film and reflects from the
other side. Therefore, the light perceived by an observer does not all travel the
same distance. Because some of the light travels further than the light that
reflects from the first side, there is interference due to path difference. In this
situation, the wavelengths of light that give red and green colours have a path
difference that allows for the rays that are reflected from the first side of the
bubble to interfere constructively with the light that travels through the film,
hits the other side, and reflects back to the observer. The other colours are
interfering destructively. prummerpreme
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b)

At =131a

The returning astronaut is 33 years old. (3 marks)

1 (27x10° mrs)’
(3.00% 10° m/s)’

The length of the rocket is 52 m. (3 marks)

L,=523m
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150000 kg

= ——
- (27x10° m/s)
YU (3.00x10" mys)’

m,, = 344000 kg

The mass of the rocket is 344 000 kg. (3 marks)
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13. a) W=110eV =(1.10eV)(1.60 x 10 J/eV) = 1.76 x 10
he

E=—-W
Y

(6.63x 107 J5)(3.00  10° m/s) -
B = — —-179%107° ]
550% 107 m
E, =185x107]
1
E = —z—mvl
1.856x 107" = %(g.ux 107" kg)v?
v=64x10° m/s

The maximum speed of the photoelectrons is 6.4 x 10° m/s. (4 marks)




image35.png
LT First, you need to find the energy of the photon:

he

E=Z
A

% (663x107 Js)(3.00 x 10° m/s)
a 52x107 m
E=3.825%10""]=3.8x 10" Jrounded to 2 significant digits

Now, find the equivalent mass for a particle having the energy of the photon
converted to mass:
E
EZ
3.825x107™ ]
(3.00x10° mys)’

m=

m=425x10"° kg e —
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Then, find the momentum:

P=3:

_663x107 Js
52x107 m
p=13x10"" kgm/s

The equivalent mass of the particle is 4.25 x 10 kg, the energy of the photon is
3.82 x 10™°], and its momentum is 1.3 x 107 kgm/s. (6 marks)
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—btb’—4ac

At=
2a
o —(~8.388) £+/(-8.388)" — 4(4.9)(18)
2(49)
e 8.388+/(~8.388) — 4(4.9)(—18)
2(49)

or

8.388—+/(—8.388)" —4(4.9)(-1.8)
2(4.9)
At=190sor —0.1929 s

Because time cannot be negative, At = 1.90's.
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Vertically
v, (~15.0 m/s)sin34°=—-8.388 m/s

ty

a,=9.8m/s’
A,y =18m

Using the vertical component to find time:
Ad, = v,YAr+%ayAt’

18 m=(-8.388 m/S)(Ar)+%(9.8 mis’)(A)!
0=(49 m/s")(At)’ +(~8.388 m/s)(AH)-18 m

Tor the quadratic: a = 4.9, b = -8.388, and
¢ = -1.8. (To simplify the quadratic, omit the
units for this operation.)

PYRT)

Horizontall
v, = (150 m/s)cos34 = 12436 m/s

a = 0m/s’

2. Once you know time, you can solve
for Ad,.

Ad,
o3
AT

Rearranging:

Ad, = v, At
Ad, =(12.436 m/s)(190'5)
Ad, =2363m

=24 m (to 2 significant digits)
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fFN
v< #
m, ~
LS
Fe Fr
Fo
T,

Let the direction of acceleration be the positive direction. Thus, for A it is down
the ramp and for B it is #p the ramp.

Form,:

E,, =F, ~F

ma=m,g—E.

(3.0 kgla= (3.0 kg)(9.8 m/s”)— Fy

We will omit units now for ease of calculation.
(3.0)a=29.4—F; [equation 1]
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Iy Form:

F,

e,

=F-F,

&y
0= E;—mgcos35°
E,=(2.0kg)(9.8 m/s’)cos35°
E;=16.055N
Since F, = pE;
E=(0.11)(16.055 N)
E=177N

iy =Fy —F—F

mya=F,—1.77 N—m,gsin35°

We will again omit units for clarity.

(20)a=F,=1.77 —1124

(2.0)a=13.01+F, [equation 2]
Algebraically, adding equation 1 and equation 2 together:

(30)a=29.4—F,

1301+ F,
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Algebraically, adding equation 1 and equation 2 together:
(30)a=294—F,
(20)a=-1301+F;
(5.0)a=163

Rearranging to solve for acceleration:

(5.0 kgla=1639N
1639N
4=
50kg
2=3.28 N/kg=3.28 m/s’

Using equation 1 to determine the force of tension in the string:
(30kg)a=294N-F,

E,=294N- (30kg)(3.28 m/s")
E=1956N

Paraphrase: Therefore, the acceleration of the system is 3.3 m/s’ and the tension in
the string is 2.0 x 10°N.
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Choice 1:

Given: Lelting C - canoe, W - water, and S = shore:
%y, =60.0 km/h [S]

Vs =30.0 km/h [S 45° W]

Required: ¥,

Analysis and solution:

+ Vs

Yew

Finding the x- and y-components of each vector:

Let south and west be the positive directions.

Components of 73

4 5119 )





