So(.cdsj LLqUu‘o(s & Gases - 03[0g/19
So oS

Parkices  that moke up solids vibrate woour Pixed
Pas'{bfd\ﬂs because U‘)ej have  kinebtic ene,rﬂs , as they
are. rot ok Ok (Absolute 2Zero), It &5 difficult fo chanee

the Sthe Oﬂ Qa solid.
Ligudds

ln a liquid, e poctices are shll close tsgethes, but
ﬁneﬂ Can move more Freab than in solitds. [n 3eneral,
quids  are  incompressible.

Gases

n a qas, the porbicles  are  very far apart. There
are  no Utter-atomic or [nter-moleculow (orces of.
aktbraction - The motion d‘[. bhe pasticles 8 randowm .
Goser can be compressed]. The auerage gas pefticle
axporiences  mMilions of collsiont per gecomd (ar RTP). 'ﬂfle,g
browel aqb Speads of hundreds of metres per Second.

Heak(ag
When o materiad s heated, ibs internad energy NCNOALS

This can cause bhe posbicles in thak matgiod to godn
Rinetic energy, causing thew o Slsea.d wp- This con
cause the watawal ko ekpend- Temperature S a measure
Allernakively, the fparticler Moy fof tha average kinekic
moe [or enougy from each | onerqy g a groupof pactidles

: other that the makerinl changes
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_ CDQQ@@W Mokessls  ave  bottes [worse ok Shﬁﬂ:‘;
| ntemnal energy. Fov b game  increase Th Unbemol
| eney,; Some Mateads il haat wp  more biran sbhess.

:_Speﬁ(f’t‘c hoak Capocily 0 defdned o8

Q:: m-c AT ~
. Q: Heat transferred (7) )
I m: moss (kg)

| c: Spedfic heat capacity (r/kgkor Thg z<,)
| AT = change in temperatwes (°C °K)

@ bhis 8 the hoak transferred per ktbsgm
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) =mcAT
(L= 2x330x5
Q= 23007 ‘/
Q= mc AT
Q= 3XI0HO X 25
Q= F8kT
g
&= mAT
: ~ F200
| CE | X8 =
c = 9007 [bg [K /
5 AluwinTam e
he e with 300g_ waer o
. (Esl\/é
QL= mc AT .
TVE = 0.3%Y4( 86 7§ /
| 13x230xt = 97962 .4
£ 2 32365 assumeng emm([w trewafes -
ey
123X2%0% 3236 = L X 3900%x+3
x = 0322
= 320g-
e qoes fron  200°C 4o x°C The  pater only
. Wake gy fram  ZO°C 4o x°C Tmmeddadely Sarvound inyg
 —(03(x~200)x380) = (% ~20)X 4186 e tinc block will buil.
(14 (x~200) = WB6x-83F20 . This sellttin assumes
~4136 > — |47 = —3¥F20 - 22500  immedinie [lacsless
—4300= = - (06520 transter of erecgy,

>

24.8°C The wader won*  bol




N4

| ‘S%ﬂ_ﬂloo-x) = 20X Y186 /
22 = 503?-°C; Wki’;{;mzs' dbovefmtﬁbg M
~. A ya
N < 7
0 /




Heoting  Curves lo/osi9
Heabl’rg Curve ‘Qr Qlecwic  Aeid
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The amount of heak enegy (BQ) requ]‘reﬂ( +o
change kg o o Substance Ffom solid (or liquid) +o
lguid (or gar) [s Called the LATENT HEAT of FusioN
(0R  VAPOR\SATION )

AQ = mL
Heat . mass x ‘Spﬁ}m 'ﬁmma o

[7) [ka) [ T/k9)
o water

Fusim, = 374 kT /kg
Fapwisarion = 2%00kJ (kg
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Pressure =2 Fovce © Breo
(I ' = p i plessure /'Paor N )
#p g :.:" ’IF &wc& (N)

A ooea (m?)

ln liouids % gures,,  random warhole/ eollisions

involve o C«Mlﬂge M wmomentum. Fzma

@r&surf’ n hamols s g&sses. acks

W all directions  because b random Collisions

ha»Pm ol directons.
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Charles’ law 23/9/19

Tewmyp /°C Volume fM'
34 % 24
10 2V SR
HY 20.

5% 32-S
Fo 255
H . 3%
1 {o £S5
90 4o _
95 qi-s
9% 43S

. Tor a  constant  number of wmoles of an ideal
%_a‘s ot a constant  pressure,
Temperature  oC Volume
OC more  succinetly,
T o V. @ constant n, P

> T=kV OR VakT

o



Boyle  compared

’Exloer{mem'

Volume [ml
@)
S
(o
15
20

Sample dato

~ Voluwe [ml

looo
ROO
S00
250

LOO

62.5

S0

Robert Boyle
@
= 3ﬂ

+ add Hg

/OMWH = 13)000}?3/)?\5
Py = [Big9h* Patem

Foressure -  volume

Pressure /EPa
668. |
2332

S X
129-4
37

Pressuve {od—w\
0.5
0.61S
1-0
2-0
S.0
§.0
0.0
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P oot
v L @ constant T & n

or PV =k

Ou&sh“an
10 da® of Helium at RTP iy compressed
a 2 dm®> cont@ines

using a  pump nto
0.002 m*

[0 dm® = 4O}OOOcvn3

2 dm* = 2,000 an®

r?

What s the pressure of the gas in tha containg

V=RV,
PV _ 100000 X0
"PZ Ve = - CO0ORYq




Astronomy ‘f’_.‘bh_'ophﬂs’fcs ~ %/10/19

2Jrr - T

v= _T._ —

r: Ockital radius (m)
T : Ocbitd pertod (s)

W =_mg

M :  mMass (k'g) _
grawtahmal Qe,lol shengl-h’ (ng OR ms‘)

__Newt—ons law of  grawitakion

Factors bhat  affeck  the aktvackive ngvfbahowa,(
FO‘(CQ_ betpeen twd  Objleds  inglude:

B

Fab & Fpg are neuf(.*on Fa!rs

— Mg Mt S o
Fe el o
_ L Gramy - -

Y.-Z. . —

Mg : mass of A (kg)
o my: mass of B (k)
r : dislance between B and B (m)
G : [universal] grambakional constant (N’m_zkgql)

/
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Drechon  of ey represuss A
the dircchipn force  would ®

be on ancther mass at )
that point- /

N

l

T

The density of lines per
ored  tepresents field Streaghh.

/
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o542 — .

. B -
We previoudy discovercd tor = ETE

3: :j; <9 ak _P{apej— Lurface

A+ swfoce

; } L1 o
2
| ] i
* - there is o wniform Srav«'t-abfma,l
} - B FL,Q,‘O(_. \I‘,
Ponus: B ~ Cconstank nov»:\abbff
__6mm, the Posﬁb{m- onl 4%66;
ey o ‘because eartiais “sphericat:




ﬂb_solu’re X A‘Ppalem Hagn‘lkude 5l/00/(9

Apparent Magnitude of a stor is how it appeass when
viewed from  Earth

Phsolule  Magritude is  how interse a siar is  when
vieused Prum 10 passecs Aty .
Power

In#—ensliy = m

I. : !means:’fﬂ (we™)

4/00 ,/“,'k'“' arosemﬂ(
A8
{0_Parsecs STAR

L

A+ 4%+ op = arcsin ( '/60)
1:arcsin(Veo) = \1*t10p
1< arcs‘m(‘/.so_)" = 1+10p

(1 asesin(Yeo)* -1)510 = p

p =



Stellos  Buojytion o4fuf19

{. Nebu|a

A cloud of hydrogen g Fxms_ano\ s+eadiclg_ S
the force of grawiby increases . o —
_fs tis  nebula  becomes deaser  the temperature
ok the centre allows for hydrogen nucléi fo fuse
togetmes _and  form  helium nudlei. This proces
_teleases a large amount of _w%_qad an outuword
@-rc.g_ krown os ‘radiakion pressure'

2. Once the 'fad‘“ml" P?ﬂSS;"e' ._fy_a_la_n_c_&s_ the qrouity

force, Ehe doud Staps becoming denses and a stable
Stor 75 formed -






Hubbleb Law
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distance tv  objeck

-1
Hubbles constant = 160km s~ Miyrs
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[ows frequenty high F""-‘i wen &g
| | / .
. Qv?/_) [ l:' [ - XVBUW-)

Specific elements  absorb  specific  frequencies,
We  ecan measwre e observed Shife in
the PBSORPTION  LINES  Lrom  the Uight of o stoU
This SII\}_F% _qur_z;_siomoto d\'red—t.j to a ‘rodind u?iocﬂb’



Steady Stoke Thegyy  13/11/19

The Sﬁadg_ﬂaie_ﬂ@g_&gt&a thak che Universe

hay anys  existed and rmsm_WMm_._mU

a8 i exponds- This ideais suppocked by redsnife buk

ke 55 CMBR - The Skadg Sh&e_:[b%_@ Lok

,_(M_H@ye Since the diSCWB{E,{J 048 CMPR -
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A Radioacﬁv‘@ 14[1/lg

Some  nuclel  are Tunstable™  These h\‘ﬁh—e,neﬁgy nucler

con release some of tneic  energy as radiaben in ordes
+o becwme  shable .

(o ¥
__i_jo-'-opes oare. nuclel Qp e SQMQ element (uuTH/\HM, Same
numbe, °F protons) buk a  diffecerk  Number of reubms -

There qie +hiee kinds obﬁ huclear radiakion :

"ije. Pautice % Symbb| Tonising Poues Penefra,&mf Powrer
L I
4 1 ; blocked b
Hlpha _LO< Helium nucieus Hlﬂh Low Fape:ozag?;cm
o © D) pos mvn
asifron . . s
Beta -__1(5dcc+mn+l Eppoﬁi@] Medium Mediwm of aluminiuurm
0 photon 3 oms o
| Gowmmo oY i roy Fow High ,wa
atomic - -
4/ oS An Ton1s an otum that has & differest
Hf, NOo. ©f protons compared +o electrons -
2’,; m;r:lol;:fn;} [ a;"rmibg, Tons —are  CHARGED partictes

Activity, or rale, iS the detected numbes o lmisatioy, evetts
'{76( sectmd-, meaSured ‘m 'buqm‘els (un?b-‘ I’x”



Backgrourd Radiation  igfu /19
5aok_ground radiotion is the radiakon that s always 'pr&r_en!-

_in b environment  acound us, from sources such os  Space,

the airy the gmund oand the ﬁ”’d we ek

The averge annual  radiakion ooey in the UK is 2.5 millisievers.

15% of & comes from natwed Sources. The largent  dingle  Joucce

ol natwal radiation s Radm gos from b‘!—_ﬁgmufdi the

|_average dose a yeor inthe UK from radsn 15 4.2 miflisieverts.
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‘ Kadioacﬁvi% and  wildlife 3/12(19

| The rodicion w  Adic seabirds’  droppings  came  from

bhe radicactive fish and crustaceans G'Ng_ were eaking.
{.

The Samples QmMYLGB ten Hmes O muth radioackHve
as other Jdamples Pom the area. This  wouldn't gecur

| naturally . ey found  caesium~1371 wmch___afoe»nr‘f oang
| . i
' Nucleor wea P fexks ngf%, MFA-QOH/\ centu contoamin

&Z(ZPA C‘%U Mﬁagbé% d\w:.%{rwt\'o(& were c%rred ‘Hfla)ugl/\

atnosphere - )
7

Rach isotspe  gives eub gamma o wWth o pevtiudas
enefgy.  or wavelengil, . /

A dotal of G20 atmospheric nucieas Ciplosions were $et chp
™ Hae fears  Wp o 190 . #

The, anpler ond  Smalley the  ovgailism, tha Mghe/
the radiobion desoe 1o bo lethal-

eioaccumuladis, 13 when (pomaﬂw rachoaoH"ve,) Substaace s
Fws—s higher up e ]Cch c}«m‘k-‘/efg- —

aiy — ) l[ichen — celvdeer

fendees eat (o o\Q lichgs 90 lb% accumilatke
rodioechve ubStances.

, a Jawfla qQ rmfwu—_&o Wi M of the Jaume
| dmeR as e eastih if cdo[,{D have gone through 3.4¢ hals-
i h;@.g : _

1
|

]



Radiakion Pose 4f1z)i9
| ground  radioakion s the radipackive radiakbion
| ¢hat s na eecum;mdq_ _in_khe environment
around us. T€ comes fron Sources such s pado
| anol +horon gas Inside bui/dz‘n35; the ﬁod_u_fe_, eat L
| cosmic rays from outer gpace .
|

| Alpha foa;tfdgs are _eZc Most ionising. -{&p@ oﬁ_m.dcaﬁm

However, o pacticles are very poorly etrobing , on
are blockod fgfwa mere ﬁw Centametres 6 air. 'tg
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Nucleor  Fissio lof12/19

—

238 92 b
él’\‘(’ dgp U — 36‘4f“' lge,BO(-} 3&”

l,Ca slow-mom'ng neutron |5 absorbed log a  Jarge,
unstable nucleus, @& [Assion event Lan be H1 :

The nucleus Sph‘h intd ot leowt two (o(a,u.gh’rer
nuclel ', which move off wikh high Riveric energy

The neuhns  ejedted from the fission event  can collice
with ekher uramum uclei to cause fuckher chain

AV, . 7 U B g

> S Gk iy easy b ook b
In a nudear teockyr, \A made(@q_rﬂ_(e,g. 9mplni+e) Sloiu?__deum )
[osk- moving  newtrons 7ySo thak B co Frol rods Fa@)(

obsorb Hw neutrmy to prevent a runowoy chaln ook dn
The_ “'Cﬁnfm{ rods oo e, 4 n_g,c,_e_,g_safg .

Fission reackions  produce a Lo of heat energy, which
is used +o heat waker, Wn'wg i+ Thio  sleam -
The Steam  turns o twibine  Ehak  genecakes

Q_Lept'rfci% :



Nuclea,r Fusion i1[12 19
In nuclear fusiom, +two nuclei with low mass
numbers combine o ﬁmduco.__.c_a_ Jingle huclews uith
numbér -

| a  higher  mass

|
L TH A TH = GWetont iy oy

- The_demperarure required for fusion i e Jun i
around  |.5x10° °K -

Pros for fusion B Ceons for Rorm _
—imitlessy eneyy _(Iéchnoﬁgsg ufgﬁeftﬁy@fogam%b
_ fac Safer thon nuceas More Lxpensive %MMP@}QJJ
Clean (ne waske) Litte *H o *He om zastin

‘\fer_g, e,épm:en% i A big !_ergaflerm Tvestmedd



Hagncﬁ‘sm 22 (o1 [20
Magnets  repel and attract other mognets .
They can also attract moagnefic Substancey [matercals -
Magnets have o North Pde and a South Pole -
Like Fofea re,oe{, unlike PO{*?A athacf

i B

[k is  IMPOSSIBLE 1o Tsolafe a magneny pole
Magne%i_c, Malerialy contain ,.@rromaﬂneﬁc elements:
iron,, Nickel, Cokalt (Neodgm‘:um)
and Hheir  olloys, e.q- Steo] .

Two categories :
Magneﬁcaﬂy hard Magnesicalty JSefk
can be magpetised can be fnduced 4o
 become permanent be magnetic (tempor aniy)
magneks (unKl demagnefised) when 1p a riogrent fielol.
¢q- fread, Neodymium eq- Tron J
| a region Of
Inside o magneric materad, we find Jﬁ";;fm'; c""{f‘&@f‘s

‘domaihs) wher He  fermmagnenc elemelds’ oxperience
F\"J@b} M”* in the Same ofirf,o.%w/aﬂam. Lorces

uwag ne’rf_fa d 364

AL TR AR

&
T‘/:'\J, ApfA

>
e R




| Mognetic Felds 2801 [20

; R _magnetic feld 15 a region R Space M whith magnob )
L er modneht  Materiads expestence forcos . -
| We can daw o representation ; C(_Qdd usi

a Feld Line Diagray. fﬂ : ! 78_

 Amwun represent e
__divection o nork, gofe woyld

feed a fore

 Feld She/;gm n blewina) |
prom_He _density of te linen

.
|
- Magretic Field Lines
o nok gt m@?_
ot He PO&%_ Insteao ). _
- theyy  comtinue nside. o
| - -



Electromagnetism 29| et [20
Currents have  essociased mognetic  frelds «

Out & the peQe Into #he [poge

Hhumb = curménk
finger curls—in drrechim of Ple@

rbgh*'

__turre with  current P!owfrs down

J‘o[_E’i\ﬂ”D

Plemin'S  LH rule
The ‘mement. or 4wmi QAP@OL
¢ o fora (abo caulg
40 LAQ) )s
A%ﬁﬁi ﬁexlé{ myc{a.gmmdﬁ @Q Ha jcoru_
/“j mudtip lle) by rhe Parpemduculaf
dstance b‘-’/“"‘*"ee:\ Mo e
currentk 80 oekion Oﬁ m\f@r@ _—
He a3 gf -rotadioy




| ) Genecotor  Effeck Blo2/20
| The Cenerortor  Efock otheryise  kRnowon o electrorragnes
| nduchion, - eccurs  when o conduChAg wire jovey

m & maognetic ﬁelc( or a BvLahmch ) wire s present-

. __ in o dnar\g’kg _mognehit feld a Q. (S Jhduaa,D
LN H/Le wike - [f thert iy o Complete Ureuit , cwrrenf
will flow- . -

if_ e delocalise) RlechonS  h the  bar _.aremow;
4o e R’L%MF‘_ Hren M@ _Llaut an _associaked curmips
h the W3- A current 4o Hre fejﬁf In Huy cane
would experiénce  a JQrce_ DownN - The delocqlised

ﬁ clettimy  mouve  deum - The Olomwnr&)) momjj)

elechrory  howe oy associated  Current MFWOS

G& _Piemi ing's leaﬂL hond pule  tos curres L_MJ )
fo the RH) opption  du He
o‘rrga‘md df[m:{ Wrﬁ& oy e bor



Lerzis  Law 26 (0220
When 4 currenr is  mduced by « chagd.
mognetic  [fleld , #at curtent &%@vﬂr‘/} C/\%h"és
A Mogpaki a_ﬁe,fo/ thof oFPe3ES  jhe ena Hat
moluced 17 [ y
e The c07/
[S N] W Mﬂf 3 creafes q

(repels) ) B/O/ Such OL/]Q,A
1 thy ymognet)
_[ moH OV TS aﬁQQ?E)‘

é‘—‘":

(ottracks)

Mognek dropped i o +ube o4-
oovidicctor netal (wﬁa-ywiﬂium}

Pil _the mogrots 6PE IS converted
Thto  Heax %D N the dube.
This 15 how rw&mﬁi& brakes -
n__drachs [trains

Tho ‘e,(gcﬂj oot rerts ﬁejcg_s OrPO3E
tlo MOHIN



| SR — NE’) no ded‘f‘Oq/L CoNtOLCtbotwref
1‘— - _wre ond ceils )
The current in on ol adkecnates
ar SOHz W‘*N‘J B B
 The _Chw\gl ”\&gf\-@hC }.ef o in the sk wem
] Core. j_f:x_ot_u.c,é/) o 15 cuseehd  ia oo
L Second o cuﬂ't\ _an. chﬂ’!p {'wig) \/6(4—&_9)6,
| Hhod EBa be T J’Lq,
| ~undbe ol y

bty -
— N1y i P e sleenieal
- _ headingaf tyﬂ‘@s :
o _ P=I*R )
3 N 7 Step up velttage +o m\mmﬁm
N (I . current fo minimise the power

loat due o eleerical hoot-



| POWER
L STATION
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GENERRTES

ELECTRICTY

51EP Uup
/ LoAD

ELECCTRICITY
CONSUMED |N
vour HOWME

MINIMIZE Zgﬁ‘g IS CREDUALY

POWER LoSS&— - e STEPPED POWN

THROUGH BEFOR

HEAT ENERGY VOLTRGE s

-USE tow TRANSMISSION RERCHES

VOLTRGE - CRBLES Your Home
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