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— The rest of the formulas



Fundamental constants

Quantity Symbol Approximate value

Acceleration of free fall 2

(Earth’s surface) £ o-81lms

Gravitational constant G 6.67x107" Nm” kg™

Avogadro’s constant Ny 6.02:10" mol™

Gas constant R 8.31TK ™ mol™

Boltzmann's constant k 1.38=x107° TK™

Stefan—Boltzmann constant o S67x10° Wm~ K™

Coulomb constant k 899x10° Nm*C™

Permittivity of free space £ 885x1077C* N m™

Permeability of free space Ay 4a=107 TmA™

Speed of light in vacuum c 3.00<10°ms™

Planck’s constant h 6.63x107 Js

Elementary charge e 1.60=107¥C

Electron rest mass Me 9110x107 kg =0.000549u =0511MeVec ™
Proton rest mass "y 1.673=x107 kg =1.007276u=938MeVec ™
Neutron rest mass Mn 1675107 kg =1.008665u = 940 MeV ™
Unified atomic mass unit u 1.661=x107 kg =931 5MeVc ™




Metric (S1) multipliers

Prefix Abbreviation Value
tera T 10"
giga G 10°

mega M 10%
kilo k 10°

hecto h 10°

deca da 10!
deci d 107!
centi c 107
milli m 107

mMicro il 107¢

nano n 107
pico 5] 107"

femto f 107"




Unit conversions

1 light year (Iy) =9.46=10" m
1 parsec {pc)=326ly
1 astronomical unit (AT) =1.50x10" m

180°

1 radhan (rad) =

1 kilowatt-hour (KW h) = 3.60=10°T

1atm=101x10°Nm™ =101kPa = 760 mm Hg



Electrical circuit symbols
]

lamp —(%l— ac supply

switch —\\\\ _— ammeter
voltmeter @ variable resistor
resistor —A 1 potentiometer

Iigl.lhiepmdmt \.\ thermistor
sesistor (DR)  — [} —

transformer EE heating element
- v__>vm

amplifier i A—

(op-amp)

205
S
PR
—— 1

E



Uncertainty and vector components

Core AHL

Topic |: Physics and physical
measurement

Ify=ath

then Ay = Aa+ Ab

then ﬂ}: =£+§+E

¥ a b c
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u+wv
5= t

2

5 =m‘+%ar2

2 2
Vo =i +2as

v=u-+at

70077

F =ma
p=mv
F_Ar

At

Impulse = FAfr = mAv

W = Fscosf&
E, =imv’
pE
E =
= om
AE, =mgAh

power = Fv

v Ay
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An air rocket leaves the ground straight up, and strikes the
ground 4.80 seconds later.

What time does it take to get to the top?

How high does it go?

What was its initial velocity?

What 1s the velocity at elevation 21.0 m?

b=

245s,282m,23.5m/s,tor-11.9m/s



2-Dimensional Motion

H \Y

~ o <4 o »m
- o 4 o @

A, = A sin0
0 ;

Ay = A cos0

Pythagorean x? + y? = hyp?



V=921 m/s t=2.17s




Find vector components

Fill in your H/V table of suvat

Find the horizontal distance
traveled

Find velocity of impact in angle
magnitude

v=126 m/s

1.

2.




Dynamics

Core

AHL

Topic 2: Mechanics

H+v
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Vo =y 4+ 2ags
F =ma
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Impulse = FAfr = mAv
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Find the force:

F = ma,

wt=1176 N downward
<F — 1176 N> = (120. kg)(-4.50 m/s/s)

F-1176 N=-540 N F
F=636 N

a=-4.50 m/s/s
(DOWNWARD)

636 N



A 120 mW laser uses a wavelength of 656 nm.

What is the energy and momentum of a photon of light at this
wavelength?

How many photons per second does it emit?

What force would it exert on an object that absorbs the photons?

How would that change 1f the photons were reflected?

3.030E-19 J, 1.010E-27 kg m/s, 3.960E17 photons/sec, 4.00E-10 N



Gravity and Circular Motion
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Also on page 8:

Topic 6: Fields and forces

F=r4L
F r

q




A Volkswagen can do .650 “g”’s of lateral acceleration. What 1s the
minimum radius turn at 27.0 m/s?

a=vr

1g=9.81 m/s/s

a=(9.81 m/s/s)(.650) = 6.3765 m/s/s
6.3765 m/s/s = (27.0 m/s)*/r

r=(27.0 m/s)?/(6.3765 m/s/s) = 114.326 m
r=114m

114m



What should be the period of motion if you want 3.5 “g”’s of
centripetal acceleration 5.25 m from the center of rotation?

a = 4m’r/T?

a=(3.5)(9.8 m/s/s) = 34.3 m/s/s
34.3 m/s/s = 41*(5.25 m)/T?
T=25s

2.5s



Ice skates can give 420 N of turning force. What 1s rmin for a
50.kg skater @10.m/s?

F=ma, a=v%/r

F=mv?/r

420 N = (50 kg)(10.m/s)?/r
r= (50 kg)(10.m/s)?/(420 N)
r=11.9m

11.9m



The moon has a mass of 7.36 x 10?2 kg, and a radius of 1.74 x
10° m. What does a 34.2 kg mass weight on the surface?

r = Center to center distance
m; = One of the masses

m; = The other mass

G =6.67 x 10-'"! Nm?¥/kg?
F=Gmm,

I-2

F=555N

55.5N



At what distance from the moon’s center 1s the orbital velocity
52.5 m/s?
Mmn =7.36 x 10?2 kg

178 x 10° m 1781086621 m



Energy

Core

AHL

Topic 2: Mechanics

u+wv
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Also
Power = work/time
elas / 2kX2




vi=5.8 m/s What speed at the bottom?

h=2.15m

Fd + mgh + '/;mv? = Fd + mgh + !/;mv?

0 +mgh+!'/mvi= 0+ 0 + '/rmv?
(15 kg)(9.8 N/kg)(2.15 m) + 1/5(15 kg)(5.8 m/s)*>= 1/5(15 kg)v?

v = 8.7 m/s

8.7 m/s



Ima Wonder can put out 127 W of power. What time will it
take her to do 671 J of work?

P = W/AL,
At =W/P= (671 J)/(127 W) =528 s

5.28 s



Frieda People can put out 430. W of power. With what speed
can she push a car if it takes 152 N to make it move at a
constant velocity?

P=Fv
v =P/F =(430. W)/(152 N) =2.83 m/s

2.83 m/s



What must be the power rating of a motor if it is to lift a 560 kg
elevator up 3.2 m in 1.5 seconds?

11700 W
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Jolene exerts a 50. N force for 3.00 seconds on a stage set. It
speeds up from rest to .25 m/s. What is the mass of the set?

(m)(Av) = (F )(A t)

(m)(.25 m/s) = (50. N )(3.0 s)
m = (50. N )(3.0 s)/(.25 m/s) =
600 kg = 6.0 x10% kg

6.0 x10% kg



Before + After

6.20m/s 1.20 m/s v="2
= — R
13.0 kg 17.0 kg 13.0 kg 17.0 kg

(13kg+17kg)(6.2m/s) = (13kg)(-1.2m/s)+(17kg)v
186kgm/s = -15.6kgm/s+(17kg)v
201.6kgm/s = (17kg)v
(201.6kgm/s)/(17kg) =119 m/s=v

11.9 m/s



Topic 4: Oscillations and waves
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Simple Harmonic Motion - cinemacs

o=2n =1 o=2nf
T T
X = XoSIn(mt) or X,cos(mt)
V = Vocos(mt) or -vsin(mt)
[x]

® — “Angular” velocity
T — Period of motion

X — Position (at some time)
\4 — Velocity (at some time)

Draw on board:
Xo — Max Position (Amplitude)
Vo — Max Velocity



*X, = Maximum displacement
(AKA Amplitude)

*v, = Maximum velocity

*a, = Maximum acceleration

.X: 'XQ
°V: 0
°a. do

"/-Vo




Simple Harmonic Motion - ey
Ex = 1/2m(02(X02 - X2)

Ek (max) = /2mo?X,?

ET — 1/2m®2X02

[x]
ET — Total Energy
Exmaxy — Maximum Kinetic Energy
Ex — Kinetic Energy
® — “Angular” velocity
T — Period of motion
X — Position (at some time)
\% — Velocity (at some time)
Xo — Max Position (Amplitude)

Vo — Max Velocity



Simple Harmonic Motion - ey

Ek (max) = 1/2mv,?
Ep (max) — 1/2kX02

Derive the energy equations:
Ex = 1/mme?(Xe? — X?)

Where they happen Bk (max) = /2Ma?Xo>2
ET — 1/2111602X02
[x]
< . .
J % 0 max 0

J max 0 max



What is the period of a guitar string that 1s
vibrating 156 times a second? (156 Hz)

Usef=1/T

0.00641 s

=



A mass on the end of a spring oscillates with a
period of 2.52 seconds and an amplitude of
0.450 m. What 1s 1ts maximum velocity? (save
this value)

v =+m V( Xo2- x2), make x =0, ® = 271/2.52, [v| = 1.12199.... m/s

1.12 m/s

=



A SHO has an equation of motion of: (in m)

X = 2.4s1n(6.1t)

a) what 1s the amplitude and angular velocity of the
oscillator?

b) what 1s its period?

¢) what 1s 1ts maximum velocity?

d) write an equation for its velocity.

Xo=2.4m, ®=6.1rad/s

T=2n/6.1=1.03s

Vo = (6.1 rad/s)(2.4 m) = 14.64
v = 15co0s(6.1t)

2.4 m-6.1rad/s
1.0s

15 m/s

v = 15co0s(6.1t)

=



A loudspeaker makes a pure tone at 440.0 Hz.
If 1t moves with an amplitude of 0.87 cm, what

1s 1ts maximum velocity? (0.87 cm = .0087 m)
(f=1/T)

v =+m V( Xo2- x2), make x = 0, ® = 27(440), |[v| = 24.052.... m/s

24 m/s

=



A mass on the end of a spring oscillates with a period
of 1.12 seconds and an amplitude of 0.15 m. Suppose
it 1s moving upward and 1s at equilibrium at t = 0.

What is its velocity at t = 13.5 s?

use v = vocos(ot), ® = 27/1.12, vo = ® V( Xo2) = 0Xo, v =+0.79427... m/s

+0.79 m/s

=



An SHO has a mass of 0.259 kg, an amplitude of 0.128
m and an angular velocity of 14.7 rad/sec.

What 1s its total energy? (save this value 1in your
calculator)

Use Et = /ymm?x,?

0.458 1]

=



An SHO has a mass of 0.259 kg, an amplitude of 0.128
m and an angular velocity of 14.7 rad/sec.

What 1s its kinetic energy when 1t 1s 0.096 m from
equilibrium? What 1s 1ts potential energy?

Use Ex = /omo?(Xo? — Xx?)

0.207J,0.261J

=



An SHO has a total energy of 2.18 J, a mass of
0.126 kg, and a period of 0.1735 s.

a) What 1s 1ts maximum velocity?

b) What 1s its amplitude of motion?

Use Ex =1/ rmv?
Then ® =21t/T
USG Ek (max) — 1/2111(02on

5.88m/sJ, 0.164 m

=



An SHO a maximum velocity of 3.47 m/s, and a
mass of 0.395 kg, and an amplitude of 0.805 m.
What 1s its potential energy when it 1s 0.215 m
from equilibrium?

o =2m1/T
Use Ex = 1/omv?
USG Ek (max) — 1/2m(l)2X02

Then Use Ex = 1/omm?(Xo? — X?)
Subtract kinetic from max

0.17017

=



A 1250 kg car moves with the following equation of
motion: (1in m)
x =0.170sin(4.42¢)
a) what 1s 1ts total energy?
b) what 1s 1its kinetic energy at t = 3.50 s?

Use Et = 1/>mm»?x,?

Then find x from the equation: (.04007...)
Then use Use Ex = /omm?(x0% — x?)

353J,333]

=
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What is the frequency of a sound wave that has a wavelength of 45
cm, where the speed of sound i1s 335 m/s

v=~fA
f=v/AL=(335m/s)/(.45 m) = 744.444 =740 Hz

740 Hz



A

antunode

B

The waveform is 62 cm long. What is the A?
If 1t 1s a sound wave (v = 343 m/s), what 1s its
frequency (v=1fA)

L=2/4 A
L=4(62m)=124m
v=_{r, f=viA =343 m/s)/(1.24m)= 277 Hz

277 Hz



E__ —

The waveform is 2.42 m long. What 1s the &?

If 1t 1s a sound wave (v = 343 m/s), what 1s 1ts
frequency (v=fA)

L=14N
A=%12.42m)=9.68 m
v=1\, f=v/A =343 m/s)/(9.68 m)= 35.4 Hz

35.4 Hz



Oscillations and waves

Core

AHL

Topic 4: Oscillations and waves

T
T

o]

) =

X=X, Sl @, X=X,Ccosa®

V=1V, Ccos@F ] V=—V,sinarf

v= imq”i{.rnz —x7)

path difference = nAd

path difference = (n+3)4

Topic | 1: Wave phenomena

v .
= f[ ] MOVINg source

) vtu .
F'=r ( °] moving observer

Af =2f
==
b
iE-'-':1_22i
b
I=Incnszf?
n =tang




A person who 1s late for a concert runs at 18.0 m/s towards an A
440.0 Hz. What frequency do they hear? (use v sound = 343 m/s)

Moving observer
higher frequency
7=1{1 + vo/v}

f=440.0 Hz, vo = 18.0 m/s, v = 343 m/s, and +
F =463 Hz

463 Hz



A car with a 256 Hz horn 1s moving so that you hear 213 Hz. What

1s 1ts velocity, and 1s 1t moving away from you or toward you?
(use v sound = 343 m/s)

Moving source

lower frequency

’=f{ v}
vVoEousg

=213 Hz, f=256 Hz, v=343 m/s, and +

69.2 m/s away from you
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Two speakers 3.0 m apart are making sound with a wavelength of

48.0 cm.

If I am 2.12 m from one speaker, and 3.80 m from the other, is it
loud, or quiet, and how many wavelengths difference in distance is
there?

3.830m-2.12m=1.68 m
(1.68 m)/(.48 m) = 3.5 A = destructive interference

3.5 A = destructive interference
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What 1s the speed of light in diamond? n = 2.42

-y

n=242,c=3.00x 108 m/s
V=124x10%m/s

1.24 x 1083 m/s



A ray of light has an incident angle of 12° with the underside of an
air-water interface, what 1s the refracted angle in the air? (n=1.33
for water, 1.00 for air)

n; sin ©; = n, sin 0,
n =1.33,0;=12° n,=1.00

Angle = 16°

16°



Oscillations and waves

Core

AHL

Topic 4: Oscillations and waves

T
T

o]

) =

X=X, Sl @, X=X,Ccosa®

V=1V, Ccos@F ] V=—V,sinarf

v= imq”i{.rnz —x7)

path difference = nAd

path difference = (n+3)4

Topic | 1: Wave phenomena

v .
= f[ ] MOVINg source

) vtu .
F'=r ( °] moving observer

Af =2f
g==
b
3:1_22£
b
I=1I,cos’8
n =tang




Oscillations and waves

Core

AHL

Topic 4: Oscillations and waves

T
T

o]

) =

X=X, Sl @, X=X,Ccosa®

V=1V, Ccos@F ] V=—V,sinarf

v= imq”i{.rnz —x7)

path difference = nAd

path difference = (n+3)4

Topic | 1: Wave phenomena

v .
= f[ ] MOVINg source

) vtu .
F'=r ( °] moving observer

Af =2f
==
b
iE-'-':1_22i
b
I=Incnszf?
n =tang




U

A
b

0 = Angular Spread
A = Wavelength
b = Size of opening




Try this problem: Sound waves with a frequency of 256 Hz
come through a doorway that 1s 0.92 m wide. What is the

approximate angle of diffraction into the room? Use 343 m/s as
the speed of sound.

Usev=1fA,soA=1340m
Then use
0~=A
b
O~=1.5rad

What if the frequency were lower?
Sub Woofers

0~=1.5rad
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Rayleigh Criterion
0 =122\
b

0 = Angle of resolution (Rad)

A = Wavelength (m)

b = Diameter of circular opening (m)
(Telescope aperture)

the bigger the aperture, the smaller the
angle you can resolve.

Intensity

1\

._.-'—'-__.,ﬁ..r"r l'*i_.r’“-\_.r-—-w._.
1.223. 0 1.22h o
0 ."J'

Central maximum of one i1s over
minimum of the other



Rayleigh Criterion
6= 1.22%
b
0 = Angle of resolution (Rad)
A = Wavelength (m) —35— M10/4/PHY SI/HP2/ENG/TZ 1/ XX+
b = Diameter of circular opening (m)

(b} A space shuttle orbits at a height of 300km above the surface of the Earth. [t carries
two panels separated by a distance of 24m. The panels reflect light of wavelength
500 nm towards an observer on the Earth’s surface.

The observer views the panels with a telescope of aperture diameter 85 mm. The panels
act as point sources of light for the observer.

(i) Describe what is meant by the Rayleigh criterion. 27

(ii) Determine whether the images of the panels formed by the telescope will be resolved. 37
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More than one polarizer:
I =1,cos°0
I, —incident intensity of polarized light
I — transmitted intensity (W/m?)
0 — angle twixt polarizer and incident angle of polarization

Polarizer Analyzer
(axis vertical) {axis horizontal)

I, | V2lo (2 1,)cos?0

!
Mo light

Light
e o 4| 4+ -
direction

Unpolarized Plane-polarized
light light

A




Two polarizers are at an angle of 37° with each other. If there is
a 235 W/m? beam of light incident on the first filter, what is the
intensity between the filters, and after the second?

I =I,cos?6
After the first polarizer, we have half the intensity:
[=235/2=117.5 W/m?

and then that polarized light hits the second filter at an angle of 37°:
[=(117.5 W/m?) cos?(37°) = 74.94 = 75 W/m?

117.5 W/m? 75 W/m?
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Brewster’s angle:
*non-metallic surface
reflected light polarized parallel to

surface.
In general
n, = tan0O

ng

For air (n; = 1.00) to something:
n = tan0

_ijg
glare
) 2005 Encyclopsedia Britannica, Inc.




What 1s Brewster’s angle from air to water? (n= 1.33)

n = tan0

n=133 0="7
0 = 53.06°

53.1°



Topic 3 Thermal Physics
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Topic 10: Thermal physics

PV =nRT
W = PAV
O=AU+W




What 1s the pressure of 42 N on a 20. cm x 32 cm plate?

A=(20m)(.32 m) = .064 m?
P = F/A = (42 N)/(.064 m?)

660 Pa



Thermal

Topic 3: Thermal physics

r=L

A
O = mcAT
C=mL

Topic 10: Thermal physics

PV =nRT
W = PAV
O=AU+W




Example: A. Nicholas Cheep wants to calculate what heat 1s
needed to raise 1.5 liters (1 liter = 1 kg) of water by 5.0 °C. Can
you help him? (¢ =4186 J °C-kg!)

Q =mcAT
Q=72, m=1.5kg, c=4186J °Ckg!, AT = 5.0 °C

31,000 J



What 1s specific heat of the gaseous phase?
[x]

1480 J oC-1 kg-1



.112 kg of a mystery substance at 85.45 °C 1s dropped into .873 kg of
water at 18.05 °C in an insulated Styrofoam container. The water and

substance come to equilibrium at 23.12 °C. What 1s the c of the
substance?

(Cwater = 4186 J°C-kg)

2650 JoC-'kg"!



Thermal

Topic 3: Thermal physics

F
P=—

A
() = AT
O =mL

Topic 10: Thermal physics

PV =nRT
W = PAV
O=AU+W




Aaron Alysis has a 1500. Watt heater. What time will it take him to
melt 12.0 kg of ice, assuming all of the heat goes into the water at 0

°C

Some latent heats

(in J kg1) Fusion Vaporisation

H,O 3.33x 10° 22.6 x 10°
Lead 0.25 x10° 8.7 x10°
NH; 0.33 x10° 1.37 x 10°

Q = mL, power = work/time (= heat/time)
Q=7?,m=12.0kg, L =1333x105Jkg"!
3,996,000 J, power = heat/time

heat = 3,996,000 J, power = 1500. J/s

2660 seconds



What 1s the latent heat of fusion?
[x]

22,000 J ke-1
AQ=10,000, m= 45kg, L=7??Lf=22,000] kg'!



Thermal

Topic 3: Thermal physics

r=L

A
O = mcAT
O =mL

Topic 10: Thermal physics

PV =nRT
W = rFAalr
O=AU+W




What 1s the volume of 1.3 mol of N, at 34 °C, and 1.0 atm? (1 atm
=1.013 x 10° Pa)

pV =nRT
p=1.013x10°Pa,n=1.3, T=273 K+ 34 K,
V=.033 m?

033 m’



Thermal

Topic 3: Thermal physics

Topic 10: Thermal physics

P —nRT

W = PAV

O=AU T+




Mr. Fyde compresses a cylinder from .0350 m’ to .0210 m?, and
does 875 J of work. What was the average pressure?

W =PAV
W =-875, AV =.0350 -.0210 =-.0140 m*
P=62500 Pa

62.5 kPa



>00 Pa How much work done by process BA?

\ — Sm?

W=PAV,P=300Pa, AV=.1-.4=-3m’
-90. Jw=-901 (work done on the gas)



500 Pa How much net work done by this cycle?

\ — Sm?

W = Area = LxW = (.3 m3)(100 Pa) = +30 J (CW)

+30J



Thermal

Topic 3: Thermal physics

r=L

A
O = mcAT
O =mL

Topic 10: Thermal physics

PV =nRT
I = PAL
O=AU+W




The “system”
Gas/cylinder/piston/working gas

AU - Increase in internal energy
(UaT)

Q - Heat added to system
Heat flow in (+) / heat flow out (-)

W - Work done by the system [deal gas

piston moves out = work by system (+)
piston moves in = work on system (-)

Q=AU+W

(conservation of energy)



Ben Derdundat lets a gas expand, doing 67 J of work, while at the
same time the internal energy of the gas goes down by 34 J. What
heat 1s transferred to the gas, and does the temperature of the gas
increase, or decrease?

Q=AU+W
Q=-34J+671]
Q=331

Temperature decreases as it is intrinsically linked to internal energy. (the system does more work than the thermal
energy supplied to it)

+33 J, decreases



End of first year stuff



Field Theory

Topic 6: Fields and forces Topic 9: Motion in fields
AFE AE
P r 9

F F
g=— E="— V:_Gm V:E: q

m q F r AnE, v
F="0%_ _ AV E_ AV

dme £= Ar T Ax
F=gvBsmd
F =BIlsind

All of these equations are well explained on the
Wiki:
http://tuhsphysics.ttsd.k12.or.us/wiki/index.php
/Field Theory Worksheet



http://tuhsphysics.ttsd.k12.or.us/wiki/index.php/Field_Theory_Worksheet
http://tuhsphysics.ttsd.k12.or.us/wiki/index.php/Field_Theory_Worksheet

Ido Wanamaker places an electron
1.32x10-'" m from a proton. What is

the force of attraction?
F=kqiq>
1'2

k = 8.99x10° Nm2C2, q; = -1.602x101°C,

Q@ =+1.602x10""° C,r=1.32x10"1"m
=-1.32x10° N

-1.32x10* N

=



Ishunta Dunnit notices that a charge
of -125 nC experiences a force of .15 N

to the right. What is the electric field

and its direction? |
E =F/q= (.15 N)/(-125x10° N) = -1200 N/C right

or 1200 N/C left

=

1200 N/C left



Amelia Rate measures a gravitational

field of 3.4 N/kg. What distance is she
from the center of the earth? (Me =
5.98 x 10*4 kg. )

g for a point mass:
g=Gm
2
G =6.67x10""" Nm?kg?, g = 3.4 N/kg, m = 5.98x10** kg
r=10831137.03 m=10.8 x 10° m (r. = 6.38 x 10° m)

1.1 x 10" m

=



Lila Karug moves a 120. uC charge
through a voltage of S000. V. How
much work does she do?

AV = AE,/q, q=120x10° C, AV =5000. V
AE, =0.600 J

.600J

=



Art Zenkraftz measures a 125 V/m
electric field between some || plates

separated by 3.1 mm. What must be
the voltage across them?

E=-AV/Ax, Ax=3.1x10°m, E= 125 V/m
AV =0.3875V=039V

39V

=



Brennan Dondahaus accelerates an
electron (m = 9.11x10-3! kg) through a

voltage of 1.50 V. What is its final

sl\)/eed assuming it started from rest?
AV = AE,/q, AE, = AVq =/, mv?

AV =150V, m=9.11x103" kg, q = 1.602x10"° C
v =726327.8464 = 726,000 m/s

726,000 m/s

=



Ashley Knott reads a voltage of
10,000. volts at what distance from a
1.00 nC charge?

V =kq/r, V=10,000 V, = 1.00x10° C
r=.899 m

899 m

=



Try this one
What work to bring a 13.0 uC charge from halfway between
the other two charges to 6.0 cm from the positive and 18 cm

ve?
frqm ghe pegative: +13.0 uC 4.10 uC
12.0 cm ‘

- -

Initial V -67425V
Final V 274700. V
Change in V  342100. V
Work 4448 V

TOC

+4.4]



‘ 1180 uc  Find the force on C, and
the angle 1t makes with the
9 m horizontal.

Fac=286.8 N, Fgc = 188.8 N

Oasc = Tan''(.92/1.9) = 25.84°

Fac=0Nx +286.8 Ny

Fpc = -188.8¢0s(25.84°) x  + 188.8sin(25.84°)y
410N, 65° E‘)‘@@k&l{iﬂ_’tb te leftofyr 1 /0. X + 369 y




Current and Induction

Core

AHL

Topic 5: Electric currents

.
Ve =1mv"

r=2¢
At
r=2
I
r=PL
A
2
P=WVI=IR=
E=I(R+r)
R=R+R +
1 1 1
—=—+—+--
R R K

Topic 12: Electromagnetic induction

@ =FBAcosd
£ = Bvl
e__n22
At
L _Hh_ N
I]} K 4”5
Ims=—I°
J2
v Y
2
r=Yo _ Vo
I[J Irr.us
Pma.‘s =IIZII?III
}:;.1. _%IGVC'




What current flows through a 15 ohm light bulb
attached to a 120 V source of current? What charge
passes through 1n a minute? What 1s the power of the
light bulb?

[=120/15=8.0 Amps

q=1It=(8 C/s)(60 s) =480 Coulombs
P=V?/R=1800 W

8.0 A,480C, 960 W

=



A copper wire 1s 1610 m long (1 mile) and has a
cross sectional area of 4.5 x 10°® m?. What is its
resistance? (This wire 1s about 2.4 mm in dia)

6.0 Q

R=pL
A

and
A = nr?

R =77
p = 1.68E-8 Om

L=1610m
A =4.5E-6 m?

R =6.010666667 = 6.0

Silver
Copper
Gold
Aluminium
Tungsten
Iron
Platinum
Nichrome

1.59E-8
1.68E-8
2.44E-8
2.65E-8
5.6 E-8
9.71E-8
10.6E-8

100E-8
W



What’s the rms voltage here?
Lims = _Io Vims = Vo
\2 \2

Given: NANvANY/
% VARV

Vo=16V (b) ac
Vrms — ??

Vims =11.3=11V

=

11v



What do the voltmeters read? (3 SF)
W ®
VW MA— VW

50 70 11

29.0 \Y

V=1IR
Vi =(5Q)(.8696 A)=4.35V
V, = (18 Q)(.8696 A) =157V

435V,15.7V



What are the readings on the meters? (2 SF)

@_l/)—” @ .
I As
Hy 4 18QE 24 Q)
I

YW\

36Qé

Ai=4+3+2=9A
A,=3+2=5A
A3;=3A

A4:2A

9.0,5.0,3.0,2.0 A

I, = 4.0A
ILb=30A



What 1s the current through and the power dissipated by
each resistor?

12 €2

—\M\—

5Q 7€)

—\M\—

24 Q)

17|V
d

Step 1 - reduce until solvable



Which way 1is the force?

vV vV vV ¥V vV vV vV v vV v Y

outa the page



Which way 1is the force?

left



A 0.15 T magnetic field 1s 17° east of North What’s the
force on a 3.2 m long wire 1f the current 1s 5.0 A to the

West?
0= 90°+17°=117°

F = I1BsinO
F=(5.0 A)3.2m)(0.15 T)sin(117°) =2.1 N
W x NE = Down (Into this page) N

W E

2.1 N vertically downward



What is the force acting on a proton moving at 2.5 x 10°
m/s perpendicular to a .35 T magnetic field?

q=1.602x 10" C

F = qvBsinO

F = qvBsin6

F=(1.602x 10" C)(2.5 x 108 m/s)(.35 T)sin(90°) = 1.4 x 10! N

1.4x 101" N



What is the path of the electron in the B field?

ACW



What 1s the path of the proton in the B field?

o

A 4

X

X X X\ X
X X X

X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X

X X X X
X X X X
X X X X
X X X X
X X X X
X X X X
X X X X

ACW



If the electron is going 1.75 x 10°m/s, and the magnetic
field 1s .00013 T, what 1s the radius of the path of the
electron?

m=9.11x 1031 kg * X X F=qvBsinb

X X X
_ 19 _ — 2

F = qvBsin0 x x x qvB=mv?*/r
X X X

F =ma, ac= v?/r . x y T=mv/qB

o »
X x T=0.07655m="7.7 cm
X X X X X X X X X
X X X X X X X X
X X X X X X X X X
X X X X X X X X X
X X X X X X X X X

X X X X X X X X X X
X X X X X X X X X X

7.7 cm X X X X X X X X X X



The loop 1s removed 1n .012 s. What 1s the EMF
generated? Which way does the current flow? (N = 1)

75 em,

50. cm

B=17T:

53V, acw Three ways for direction, resist change., magnet, qvb



The bar moves to the right at 2.0 m/s, and the loop i1s
1.5 m wide. What EMF is generated, and which

direction 1s the current?

X X X X X X X X X

X

X

X X X X

X

X X} X X

X

X
X X} X X
X

X
X
X

X X X X
X X X X
X X X X

X
X
X

X X X X

X
X
X

X
X
X

XXXXXB

X X X X

X X X X

32T

X

9.6V, acw



Where da North Pole?

O

into da page



Where da North Pole?

INANAANNT

UVVUVUUY

Current goes up 1n the front of the coil

left side



CW

Which way 1s the current? (When does it stop flowing?)




Which way is the current?

X
X
X

X
X
X

X
X
X

B increases
into page

X

X

X

X

ACW



Which way is the current?

ACW



Which way is the current on the front of the coil? (up or
down)

\
[/N S gw

Up the front




The wire moves to the right at 12.5 m/s. What is the
EMF generated? Which end of the wire 1s the + end?

- B=17T .

50cm » :12:.5m/s

& = Byl

E=(1.7T)(12.5 m/s)(.50 m)
=10.625 V=11V

11 V, Bottom



The wire has a potential of .215 'V, and the right end 1s
positive. What 1s the magnetic field, and which

) o
direction 1s 1t 175. om B _ ?()

2.45 m/s

&= Bvl
215 V=B(2.45 m/s)(1.75 m)
B =0.050145773=.0501T

.0501 T ,into page



A transformer has 120 primary windings, and 2400
secondary windings. If there 1s an AC voltage 0f 90. V,
and a current of 125 mA 1in the primary, what is the
voltage across and current through the secondary?

This one steps up

V =90%*(2400/120) = 1800 V

Current gets less: Power in = power out

V=1V

(0.125 A)(90. V) = (I)(1800) = .00625 A= 6.25 mA

1800V, 6.25 mA



Atomic and Nuclear

Core

AHL

Topic 7: Atomic and nuclear physics

-

E=mc

Topic |13: Quantum physics and nuclear
physics

E=hf
hf =g+ E,_.
hf = hf, + eV
_h
P=7
nh*
® gm I’
h
Ao =
ap 4
AEAt= h
4
N =Ne™
N
A:_ﬁ"_
Ar




Energy, Power and Climate

Core

AHL

Topic 8: Energy, power and climate
change

power =1 4,00°
power per unit length = 1 4" pgv

_ power
A

I

total scattered power

albedo = ——
total mncident power

o

=

)

power =o.d T

power =ec.d T

(I — Lo ) AF
C

-

AT =




Sankey diagrams

5 Jlight
100 J chemical enelrgy
enargy
95 J thermal
anargy

Figure 805 Sankey diagram for a torch
(torch is British for flashlight)

9 units

wasted In AT units wasted
‘the o the cocding
furnace towears

2 units wasted by
friction in the
rurbine and the

generatar

T Lnies ar
Energy stared

Inthe rusl A0 units of

usaful energy

Figure 806 Sankey diagram
for a coal-fired power station
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Figure 817 World fuel consumption



=mvi=¥(pvA)vi=tp Av?

Power available='2p A v’

F'y

Blade
radius r

Air density

Wind speed v

Figure 847 Power output of a wind generator



Air with a density of 1.3 kg m™ is moving at 13.5 m/s
across a wind turbine with a radius of 32.1 m. What 1s
the theoretical wind power available to this turbine? If
the generator actually generates 2.8 MW, what 1s the

power = 1/zApV3 1/27t(32 1)%(1.3kg m3)(13.5 m/s)? = 5,176,957.499 W = 5.2 MW
efficiency = 2.8E6W/ 5,176,957.499 W = 0.540858216 = 0.54 or 54%

5.2 MW, 0.54



You have a wind turbine that 1s 49% efficient at a wind
speed of 8.5 m/s. How long do the blades need to be so
that you can generate 1.8 MW of electricity. Use the
density of air to be 1.3 kg m™.

0.49 = 1.8E6W/Piheoretical, Ptheoretical = 3.6735E+06 W

power = 1/,Apv? = 1/,m(32.1)*(1.3kg m3)(13.5 m/s)* = 5,176,957.499 W = 5.2 MW
3.6735E+06 W = !/,mr?(1.3kg m=)(8.5 m/s)?

r=54.12 =54 m.

54 m



turbine

Figure 850 Onshore oscillating water column

Power per metre='2p g A’ v

p = water density kg/m?
g=9.81 N/kg
A = wave amplitude in m

v = wave speed
v=f) f=1/T



Wave energy .

Wave energy solution

yah



8.5.2 ALBEDO

The term albedo (a) (Latin for white) at a surface is the
ratio between the incoming radiation and the amount
reflected expressed as a coefficient or as a percentage.

Cutgoing
o Space A Long—wawves
solar radiation Outgoing —_-—"_L-—-—..____.
]‘.. TS hort—wawas 69::' 26:5 26%
10 0%‘3‘ — / | A
¥ |I ! I
6%, 209 4% / | |
i I|I .'I |
. / / Atmosphere — Water vapor
\ / = emission, CO4,
) / Cloud amission
1\ / 158 wate
Y S . 7 X S [ v NN sbrorption, €0y
absorptiondust, D, J / 23% A
Oceans 10 A N\ G Latent heat |/ 7%
Dark soils 10 3% | flupe sansible heat flus
- ,E__‘}_ ) , 5urface reflection .*
Pine forests 15 Cloud absoprtion, f f
Urban areas 15 h i % I
N Long—wawe
Light coloured deserts 40 519 absorbed mdiN
Deciduous forests 25 Land & ocean
Fresh snow 85
Ice 90 . . . .
Whole planet 31 Figure 853 Solar radiation energy input and output




8.5.12 SURFACE HEAT CAPACITY

Surface heat capacity C_is the energy required to raise
the temperature of a unit area of a planet’s surface by one
degree Kelvin and is measured in Jm~?K™.

C.=Q/AAT

C.,=fpch

where f = 0.7 (fraction of Earth covered by water),

p = the density of sea water 1023 kgm™~,

¢ = the specific heat capacity of water 4186 Jkg 'K

h = the depth of seawater that stores thermal energy.

So Cs =0.7 » 1023 kg[n‘3‘ = 4180 ]kg‘lK‘l * 70m=2.1x 108
Jm~2K!
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A (Metres) = w
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L
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Concept 0 — Total power output

Luminosity L = cAT*

Luminosity L = The star’s power output in Watts

o = Stefan Boltzmann constant = 5.67 x 10-SW/m?K*
A = The star’s surface area = 4mr?

T = The star’s surface temperature 1n Kelvins



A star has a radius of 5 x 10® m, and
Luminosity of 4.2 x 10%° Watts, What is its
surface temperature?

Luminosity L = cAT#,
T =(L/(c4n(5x10%)%))*> =6968 K = 7.0x10° K

7.0x10° K



Astophysics

Core (SL and HL)

Extension (HL only)

Option E: Astrophysics

L=cAdT®
-3
A (Metres) = w
T (kelvin)
d { araec} = !
P plarc-second )
L
4md”

Loem” where 3<n<4
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Concept -1 — Temperature

Amax (metres) =2.90 x 10 m k
T (Kelvin)

Amax = Peak black body wavelength
T = The star’s surface temperature 1n Kelvins



A star has a Amax of 940 nm, what
1s 1ts surface temperature?

dunax = (2.90 x 10> m K)/T,
T=(2.90 x 103 m K)/ Amax
= (2.90 x 10 m K)/ (940E-9) = 3100 K

3100 K



Astophysics

Core (SL and HL)

Extension (HL only)

Option E: Astrophysics

L=cAT"
-3
A (Metres) = w
T (kelvin)
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L
4md”

Loem” where 3<n<4

ALY
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Parsecs - Parallax Seconds

d (parsec) = 1

p (arc-second)

p = parallax angle in seconds
Vah PSS 1 19NN\ ~€ ~ T <~ voe v\

From Douglas Giancoli’s Physics
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If a star has a parallax of .12”,
what 1s 1ts distance 1n parsecs?

Parsecs = 1/arcseconds =
1/.12 =28.3 pc



Astophysics

Core (SL and HL)

Extension (HL only)

Option E: Astrophysics

L=cAT?
-3
A (Metres) = w
T (kelvin)
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L
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Concept 1 — Apparent Brightness

Apparent Brightness b= L
4nd?

b = The apparent brightness in W/m?
L = The star’s Luminosity (in Watts)
d = The distance to the star

L 1s spread out over a sphere..



Another star has a luminosity of 3.2 x
102° Watts. We measure an apparent
brightness of 1.4 x 10® W/m?. How far

are we from 1it?
b=L/4nd?,d = (L/4nb)> = 1.3x10!" m



Astophysics

Core (SL and HL)

Extension (HL only)

Option E: Astrophysics
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A (Metres) = w
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d { araec} = !
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L
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Absolute Magnitude: m - M =5 log;0(d/10)
M = The Absolute Magnitude

d = The distance to the star 1n parsecs
m = The star’s Apparent Magnitude

Example: 100 pc from an m = 6 star, M = ?
(10x closer = 100x the light = -5 for m)

M=6-51log10(100/10) = 1



You are 320 pc from a star with
an absolute magnitude of 6.3.
What 1s its apparent magnitude?

M=m-)5 10g1o(d/10),
m =M + 5 logio(d/10)=6.3 +5
10g10(320/10) = 14



Astophysics

Core (SL and HL)

Extension (HL only)

Option E: Astrophysics
L=cAT"

290=107"

A (IMetres) = ————
T (kelvin)

1

d ' B =
(parsec) plarc-second )

where 3<n<4
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Redshift:
Ifv<<c:

AN =~ v

K C A - Change 1n wavelength
A - original wavelength
Vv - recession velocity
c - speed of light



What 1s the recession rate of a
galaxy whose 656 nm line comes

in at 691 nm?
(691-656)/656*3E5 = 16,000 km/s



Astophysics

Core (SL and HL)

Extension (HL only)

Option E: Astrophysics
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Hubble’s Law:
v = Hd

*v = recession velocity
in km/s

d = distance in Mpc
‘H="71 km/S/Mpc (+2.5)

Mpc = Mega parsecs

DISTANCE (LIGHT YEARS)

The greater the distance, the greater the recession
velocity.



What 1s the recession rate of a galaxy
that 1s 26 Mpc away?
(Use H =71 M8/pp0¢ )

26 Mpc*(71 KM/s/yp00) = 1846 km/s

00 km/s



Option H: Relativity

Relativity

1 E =(y—1)my’
1-
C_ ¥
. E*=p'c* +mic*
At = yAt, also mass dilates
L I, ﬁ_ gAh
¥ fooe
u. = e 7V
= 2GM
1— Mx_:l? R ="
[ e
E, = myc’ At = =
R
E =ymyc’ g




Lorentz factor:

You can safely ignore relativistic effects to about .2 ¢



Length Contraction

Moving objects shrink 1n the direction of motion

This reconciles the frames of reference TOC



Mass Dilation
Electron with 1.0 MeV Ke:

Electron at rest m=1.00 MeV +0.511 MeV
m, = 0.511 MeV =1.511 MeV

O, =0

Moving objects gain mass
]

(The gained mass is energy mass as in E = mc?) TOC



Moe and Joe have clocks that tick every 10.00
seconds. Joe 1s flying by at .85 ¢. What time does

Moe see Joe’s clock take to tick? (trick with c)
[x]

19s

=



An electron has a rest mass of 0.511 MeV, and a
moving mass of 1.511 MeV. What 1s its speed ?

dANNISWCT

0.941 ¢

=



What speed does a 45 foot long bus need to go to
fit exactly into a tunnel that 1s 40. feet long?

dANNISWCT

0.46 ¢

=



Relativity

Option H: Relativity

;I.-’ =
v2
1-—
2
Ar = pAt,
L= ﬁ
I
M, —V
H; =—=
1 B
o2
E, = m,:,ﬂ2
E=3 :
= yFm,c

E, =(r—-1)my’

2 2 2 z 4
E"=pc+me
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Example — Tom 1s on a flatbed car going 0.85 c to the east. He throws a
javelin at 0.56 ¢ forward (relative to him, in the direction he 1s going)

How fast 1s the javelin going with respect to us? (why Galilean doesn’t work,

lay out what is what) &

in general — when you want to subtract velocities, use the left, add, right



Use the addition formula
B

This 1s about 0.96 ¢



Rob the hamster rides to the right on a cart going
0.36 c. He throws a baseball at 0.68 ¢ relative to
him 1n the direction he 1s going. How fast 1s the

baseball going 1n the earth frame?

Use addition:
ux = (0.36 + 0.68 ¢)/(1+(0.36 ¢)(0.68 c)/c?) = 0.8355 ¢

0.84 ¢

=



Rob rides to the right on a cart going 0.36 ¢c. He
throws a baseball at 0.68 ¢ relative to him opposite
the direction he 1s going. How fast is the baseball

going in the earth frame?
Use subtraction:
ux = (0.36 - 0.68 ¢)/(1-(0.36 ¢)(0.68 c¢)/c?) =-0.4237 c

-0.42 ¢

=
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Kinetic Energy

Mass increase 1s energy

Example: What 1s the kinetic energy of a 10.0 kg object going
.60 c?

TOC



Example: What 1s the kinetic energy of a 10.0 kg object going
.60 ¢?

Dilated mass is 10.0/V(1-.62) = 12.5 kg
So 1ts mass has increased by 2.5 kg, this mass 1s energy.
2.5 kg represents (2.5 kg)(3.00E8 m/s)? = 2.25E17 ]



Kinetic Energy

Example — A 0.144 kg baseball has 2.0x10!> J of kinetic energy.
What 1s 1ts mass, what 1s 1ts velocity?
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Example — A 0.144 kg baseball has 2.0x10!> J of kinetic energy.
What 1s 1ts mass, what 1s 1ts velocity?

Well — the increase of mass is (2.0E15 J)/(3E8)? = .022222 kg
so the new mass 1s 0.16622 kg
and

v = ¢ V(1-small?/big?) = ¢ V(1-0.1442/0.166222) = .50c¢



Kinetic Energy

Example — An electron (rest mass 0.511 MeV) is accelerated
through 0.155 MV, What is its velocity?
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Example — An electron (rest mass 0.511 MeV) is accelerated
through 0.155 MeV, What 1s its velocity?

Well — the new mass 1s 0.511 + 0.155 = 0.666 MeV
v = ¢ V(1-small?/big?) = ¢ V(1-0.5112/0.6662) = .64c
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Clocks and gravitation:
Approximate formula for small changes of height:

Af - gAh

f c’
AT - change 1n frequency

f - original frequency

g - gravitational field strength
Ah - change in height
g g



Two trombonists, one at the top of a 215 m
tall tower, and one at the bottom play what
they think 1s the same note. The one at the
bottom plays a 256.0 Hz frequency, and
hears a beat frequency of 5.2 Hz. What 1s
the gravitational field strength?? For us to
hear the note 1n tune, should the top player

Slidesut; &r 157 CAre they sharp or flat)

8.5 x 102 m/s/s

8.5 x 10'? m/s/s, out, sharp
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Black Holes:

Gravitational Potential per unit mass:

V=-GM so PE=Vm

r
At escape velocity, kinetic = potential

/ymv? = GMm substituting ¢ for v:

r=2GM Iﬁwhere r 1s the Schwarzschild radius
C2




What 1s the mass of a black
hole the size of the earth?

r=638x10°m

M =rc?/(2G) =
6.38E6*3E82/(2*%6.67E-11) = 4.3E33
kg
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Gravitational Time Dilation

At - Dilated time interval

At, - Original time interval

Rs - Schwarzschild radius

r - Distance that the clock
1s from the black hole



A graduate student 1s 1n orbit 32.5 km from
the center of a black hole. If they have a
beacon that flashes every 5.00 seconds, and

we (from very far away) see 1t flashing
every 17.2 seconds, what 1s the

Schwarzschild radius of the black hole?
17.2 = 5.00/N( 1-R¢/32.5)

R = 32.5(1-(5.00 $)2/(17.2 5)2) = 29.8 km

29.8 km



