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Vill	  ni	  vara	  med	  i	  en	  spännande	  fysiktävling?	  Behöver	  ni	  förslag	  på	  bra	  gymnasiearbeten	  inom	  fysik?	  
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International Young Physicists’ Tournament 

Team Sweden 
Bronsmedalj 2009 (Kina) / 2010 (Österrike) / 2011 (Iran) 
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Uttagning till landslaget  Projektarbetestävling 
  

 Mer information 
Nu kan alla elever som arbetat 
med något av årets problem 
kvalificera sig till uttagningen i 
början på februari 2012. 

Vi på Malmö Borgarskolan har under 9 års tid deltagit i International 
Young Physicists’ Tournament, IYPT. En tävling där man muntligt 
presenterar sin lösning på ett fysikproblem och därefter får försvara 
sin lösning i en fysikduell 

Kan det vara något för dig eller dina elever? 

Läs vidare om vilka möjligheter det finns! 

IYPT uppgifterna passar 
utmärkt att arbeta med som 
projektarbete och det finns 
något för de flesta elever. Nu 
även som tävling med priser. 

Finns på Nationellt 
Resurscentrum för Fysik: 
www2.fysik.org/iypt    och 
www.iypt.org 

Bronsmedalj:	  Kina	  (2009)	  -‐	  Österrike	  (2010)	  –	  Iran	  (2011)	  –	  Taiwan	  (2013)	  –	  England	  (2014)

	   Sverige	  har	  i	  drygt	  20	  år	  deltagit	  med	  ett	  5-‐mannalag	  vid	  	  IYPT	  -‐	  International	  Young	  Physicists’	  Tournament.	  
Tävlingen	  går	  ut	  på	  att	  muntligt	  presentera	  sin	  experimentella	  och	  teoretiska	  lösning	  på	  ett	  öppet	  
fysikproblem	  inför	  en	  internationell	  jury	  och	  därefter	  försvara	  sin	  lösning	  i	  en	  ”fysikduell”	  mot	  andra	  tävlande	  
länder.	  Nationella	  uttagningen	  av	  Sveriges	  IYPT-‐lag	  arrangeras	  i	  samband	  med	  Svenska	  Fysikersamfundet	  och	  
Nationellt	  Resurscentrum	  för	  Fysik.	  

Tävlingen	  innehåller	  totalt	  17	  spännande	  fysikproblem.	  Flertalet	  av	  dessa	  lämpar	  sig	  även	  att	  forska	  på	  som	  
gymnasiearbete,	  oavsett	  om	  man	  är	  intresserad	  av	  att	  delta	  i	  tävlingen	  eller	  inte.	  	  

Visst	  låter	  det	  spännande!	  

Uttagning	  till	  landslaget	  

Arbetar	  du	  med	  något	  av	  årets	  
problem	  kan	  du	  kvalificera	  dig	  till	  
uttagningen	  av	  Sveriges	  IYPT-‐lag!	  
Skicka	  in	  en	  sammanfattning	  till	  
resurscentrum@fysik.lu.se	  senast	  
den	  15	  december.	  

Mer	  information	  

Klicka	  på	  nedanstående	  
länkar	  för	  mer	  information	  
om	  IYPT.	  
www.iypt.se	  	  

www2.fysik.org/IYPT	  

http://www.iypt.org	  



 
 

International Young Physicists’ Tournament är en av de två stora internationella 
fysiktävlingarna och kallas även Physics World Cup. Varje sommar presenteras 17 nya 
spännande IYPT-uppgifter som eleverna har möjlighet att forska på under 1 år. Problemen 
är öppna uppgifter, utvalda för att kombinera spännande fysik med (oftast) enkla 
experiment. Samtidigt har uppgifterna ett teoretiskt och experimentellt djup som kommer 
att fascinera även den starkaste eleven! 

Arbetet med IYPT–uppgifterna utvecklar inte bara lärare och elever otroligt mycket 
ämnesmässigt. Det möjliggör också ett mer forskningsbaserat och verklighetsanpassat 
arbetssätt att lära sig fysik på. Elevens upptäckarglädje och kreativitet hamnar i naturlig 
fokus eftersom det inte finns några färdiga ”recept” att följa.  

De 10 bästa eleverna baserat på fysikkunskaper, presentationsteknik och arbetsinsats 
kommer att bli uttagna till att jobba vidare med uppgifterna och fem av dessa kommer att 
representera Sverige sommaren 2016 i Ekaterinburg, Ryssland. Resan kommer vara i en 
vecka och finansieras av externa sponsorer.  

På ett antal skolor runt om i Sverige ges eleverna tillfälle att arbeta med uppgifterna i en 
naturvetenskaplig specialiseringskurs i Fysik under åk 2 eller 3, eller som gymnasiearbete. 
Kontakta kim.freimann@malmo.se eller mattias.andersson2@malmo.se för ytterligare 
information.  

Du hittar en informativ kortfilm om hur det är att arbeta med en IYPT-uppgift och hur en 
presentation kan se ut på den nationella uttagningen på www.iypt.se. 

IYPT – Tävling och nationell uttagning 

I Sverige kan de elever som enskilt eller i grupp arbetat med en av uppgifterna 
under höstterminen kvalificera sig till den nationella uttagningen i februari 
2016. Maila en sammanfattning av arbetet till resurscentrum@fysik.lu.se senast 
den 15 december 2015. Sammanfattningen ska vara ett par sidor text där du 
beskriver vad du har gjort (ett exempel finns på sista sidan i denna information). 
Mer information om kvalificeringen kommer att finnas på www.iypt.se. 

Besök oss! 
Varmt välkomna, med eller utan elever, till att närvara vid inspirerande 
fysikdueller i den svenska uttagningen vid Lunds universitet i februari! 
Maila oss gärna för att veta mer.  

                                         Hälsningar Kim och Mattias 
 
                                                         kim.freimann@malmo.se  
                                                         mattias.andersson2@malmo.se  
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Bra gymnasiearbeten i Fysik! 

Många av IYPT-uppgifterna kan bli bra gymnasiearbeten. Några av fördelarna är 
att de är spännande, omväxlande och har ett djup som passar många 
fysikintresserade elever, oavsett om de vill bygga, optimera eller utforska.  

Bra gymnasiearbeten i Fysik! 

Till samtliga 17 problem finns det ett tillgängligt bakgrundsmaterial, framtaget av 
Ilya Martchenko et al., på http://kit.ilyam.org. Bakgrundsmaterialet ger värdefulla 
tips på allt från YouTube-filmer till vetenskapliga artiklar. 

Support 

Vi jobbar med de flesta IYPT-problemen i Malmö och får också värdefull hjälp av 
Lunds universitet. Kör ni fast med något problem så får ni gärna kontakta oss på 
kim.freimann@malmo.se eller mattias.andersson2@malmo.se så kommer vi att 
göra vad vi kan för att hjälpa er vidare! 

Fråga en universitetsfysiker 

Kontakta gärna vårt team vid Lunds universitet som arbetar med uppgifterna: 
damir.basic.knezevic1@gmail.com  
eller andra universitetsfysiker: 
http://www2.fysik.org/iypt/natverk/kontaktpersoner/. 

 

  
 
 
 
 
 
 
 

IYPT – Som gymnasiearbete 

Kom igång! 

2016 års IYPT-uppgifter finns alla presenterade på nästa sida. Markerade uppgifter 
är av något enklare karaktär och därav lämpliga startprojekt om man relativt snabbt 
vill komma igång. Till dessa uppgifter finns även bifogad “starthjälp” framtagen 
med exempel på experimentuppställning, material, relevanta teorilänkar eller 
filmklipp samt några förslag på parametrar som kan vara av intresse att undersöka.  



 

 Uppgifterna inför IYPT 2016 

2. Lagging Pendulum 
A pendulum consists of a strong thread and a bob. When the pivot of the pendulum starts moving along a 
horizontal circumference, the bob starts tracing a circle which can have a smaller radius, under certain 
conditions. Investigate the motion and stable trajectories of the bob. 
 
3. Acoustic Lens 
Fresnel lenses with concentric rings are widely used in optical applications, however a similar principle can be 
used to focus acoustic waves. Design and produce an acoustic lens and investigate its properties, such as 
amplification, as a function of relevant parameters. 

 
5. Ultrahydrophobic Water 
Set a dish filled with soapy water onto a loudspeaker or other vibrator. When it oscillates, it is possible to hold 
small droplets on its surface for a long time. Explain and investigate the phenomenon. 
 
6. Electric Honeycomb 
Set a vertically oriented steel needle over a horizontal metallic plate. Place some oil onto the plate. If you apply 
constant high voltage between the needle and the plate, a cell structure appears on the surface of the liquid. 
Explain and investigate this phenomenon. 

9. Water Waves 
Generate a water wave with a vertically oscillating horizontal cylinder. When varying the excitation frequency 
and/or amplitude, the water seems to drift away from or towards the cylinder. Investigate the phenomenon. 
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1. Invent yourself 
Truly random numbers are a very valuable and rare resource. Design, produce, and test a mechanical device 
for producing random numbers. Analyse to what extent the randomness produced is safe against 

1

4. Super Ball 
Throw a highly elastic ball into the space between two plates. The ball starts bouncing and under some 
circumstances can even be projected back to you. Investigate the motion of the ball and parameters 
influencing the motion, including the orientation of the plates. 

7. Hot Water Fountain 
Partially fill a Mohr pipette with hot water. Cover the top of the pipette with your thumb. Turn the tip upwards 
and observe the fountain exiting the tip. Investigate the parameters describing the height of the fountain, and 
optimize them to get the maximum height. 

lämplig startuppgift 

8. Magnetic Train 
Button magnets are attached to both ends of a small cylindrical battery. When placed in a copper coil such 
that the magnets contact the coil, this "train" starts to move. Explain the phenomenon and investigate how 
relevant parameters affect the train's speed and power. 



 
 

Uppgifterna inför IYPT 2016 

 
10. Light Rings 
Let a liquid jet fall onto a surface. If the contact point is illuminated by a 
laser beam, rings of light around the jet can be observed (see Figure). 
Investigate the light rings and determine how they depend on relevant 
parameters of the whole system. 
 
11. Rolling on a Disc 
If you put a light rolling object (e.g. a ring, a disc, or a sphere) on a horizontal rotating disc, it may start moving 
without being expelled from the disc. Explain how different types of motion depend on the relevant parameters. 
 
12. Van der Pauw Method 
It is known that conductivity of a material can be measured independently of the sample shape, as long as the 
sample has one border (no holes). To what extent can such a method be applied? Investigate and explain 
such measurements if the sample has holes. 

14. Sensitive Flame 
A combustible gas (e.g. propane) streams vertically out of a fine nozzle and then through a fine metallic mesh 
at a distance of about 5 cm. The gas is lit and produces a flame above the mesh. Under some circumstances, 
this flame reacts very sensitively to sound. Investigate the phenomenon and the relevant parameters. 
 
15. Contactless Calliper 
Invent and construct an optical device that uses a laser pointer and allows contactless determination of 
thickness, refractive index, and other properties of a glass sheet. 
 
16. Frisbee Vortices 
When a vertical plate is partially submerged in water and pulled in a direction normal to the plate, a pair of 
vortices is created in the surface of the water. Under certain conditions, these vortices travel along the surface 
for a long distance. Investigate the parameters influencing the motion and stability of these vortices. 

 
 

          

13. Paper Vice 
Take two similar paperback books and interleave a few pages at a time. Push the books together. Hold the 
two books by their spines and try to pull them apart. Investigate the parameters that set the limits of being 
able to separate the books. 

17. Crazy Suitcase 
When one pulls along a two wheeled suitcase, it can under certain circumstances wobble so strongly from 
side to side that it can turn over. Investigate this phenomenon. Can one suppress or intensify the effect by 
varied packing of the luggage? 

lämplig startuppgift 

Problems for the 29th IYPT 2016 
Released by the IOC on July 5th, 2015 

It is much easier to recognize error than to find truth. 
Goethe 

1. Invent yourself 
Truly random numbers are a very valuable and rare resource. 
Design, produce, and test a mechanical device for producing 
random numbers. Analyse to what extent the randomness 
produced is safe against tampering. 
2. Lagging Pendulum 
A pendulum consists of a strong thread and a bob. When the 
pivot of the pendulum starts moving along a horizontal 
circumference, the bob starts tracing a circle which can have 
a smaller radius, under certain conditions. Investigate the 
motion and stable trajectories of the bob. 
3. Acoustic Lens 
Fresnel lenses with concentric rings are widely used in optical 
applications, however a similar principle can be used to focus 
acoustic waves. Design and produce an acoustic lens and 
investigate its properties, such as amplification, as a function 
of relevant parameters. 
4. Super Ball 
Throw a highly elastic ball into the space between two plates. 
The ball starts bouncing and under some circumstances can 
even be projected back to you. Investigate the motion of the 
ball and parameters influencing the motion, including the 
orientation of the plates. 
5. Ultrahydrophobic Water 
Set a dish filled with soapy water onto a loudspeaker or other 
vibrator. When it oscillates, it is possible to hold small droplets 
on its surface for a long time. Explain and investigate the 
phenomenon. 
6. Electric Honeycomb 
Set a vertically oriented steel needle over a horizontal metallic 
plate. Place some oil onto the plate. If you apply constant high 
voltage between the needle and the plate, a cell structure 
appears on the surface of the liquid. Explain and investigate 
this phenomenon. 
7. Hot Water Fountain 
Partially fill a Mohr pipette with hot water. Cover the top of the 
pipette with your thumb. Turn the tip upwards and observe the 
fountain exiting the tip. Investigate the parameters describing 
the height of the fountain, and optimize them to get the 
maximum height. 
8. Magnetic Train 
Button magnets are attached to both ends of a small 
cylindrical battery. When placed in a copper coil such that the 
magnets contact the coil, this "train" starts to move. Explain 
the phenomenon and investigate how relevant parameters 
affect the train's speed and power. 
9. Water Waves 
Generate a water wave with a vertically oscillating horizontal 
cylinder. When varying the excitation frequency and/or 
amplitude, the water seems to drift away from or towards the 
cylinder. Investigate the phenomenon. 
 
 
 

10. Light Rings 
Let a liquid jet fall onto a 
surface. If the contact point is 
illuminated by a laser beam, 
rings of light around the jet can 
be observed (see Figure). 
Investigate the light rings and 
determine how they depend on 
relevant parameters of the 
whole system. 
11. Rolling on a Disc 
If you put a light rolling object 
(e.g. a ring, a disc, or a sphere) 
on a horizontal rotating disc, it 
may start moving without being 
expelled from the disc. Explain 
how different types of motion 
depend on the relevant parameters. 
12. Van der Pauw Method 
It is known that conductivity of a material can be measured 
independently of the sample shape, as long as the sample has 
one border (no holes). To what extent can such a method be 
applied? Investigate and explain such measurements if the 
sample has holes. 
13. Paper Vice 
Take two similar paperback books and interleave a few pages 
at a time. Push the books together. Hold the two books by their 
spines and try to pull them apart. Investigate the parameters 
that set the limits of being able to separate the books. 
14. Sensitive Flame 
A combustible gas (e.g. propane) streams vertically out of a 
fine nozzle and then through a fine metallic mesh at a distance 
of about 5 cm. The gas is lit and produces a flame above the 
mesh. Under some circumstances, this flame reacts very 
sensitively to sound. Investigate the phenomenon and the 
relevant parameters. 
15. Contactless Calliper 
Invent and construct an optical device that uses a laser pointer 
and allows contactless determination of thickness, refractive 
index, and other properties of a glass sheet. 
16. Frisbee Vortices 
When a vertical plate is partially submerged in water and 
pulled in a direction normal to the plate, a pair of vortices is 
created in the surface of the water. Under certain conditions, 
these vortices travel along the surface for a long distance. 
Investigate the parameters influencing the motion and stability 
of these vortices. 
17. Crazy Suitcase 
When one pulls along a two wheeled suitcase, it can under 
certain circumstances wobble so strongly from side to side 
that it can turn over. Investigate this phenomenon. Can one 
suppress or intensify the effect by varied packing of the 
luggage? 
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Problems for the 29th IYPT 2016 
Released by the IOC on July 5th, 2015 

It is much easier to recognize error than to find truth. 
Goethe 

1. Invent yourself 
Truly random numbers are a very valuable and rare resource. 
Design, produce, and test a mechanical device for producing 
random numbers. Analyse to what extent the randomness 
produced is safe against tampering. 
2. Lagging Pendulum 
A pendulum consists of a strong thread and a bob. When the 
pivot of the pendulum starts moving along a horizontal 
circumference, the bob starts tracing a circle which can have 
a smaller radius, under certain conditions. Investigate the 
motion and stable trajectories of the bob. 
3. Acoustic Lens 
Fresnel lenses with concentric rings are widely used in optical 
applications, however a similar principle can be used to focus 
acoustic waves. Design and produce an acoustic lens and 
investigate its properties, such as amplification, as a function 
of relevant parameters. 
4. Super Ball 
Throw a highly elastic ball into the space between two plates. 
The ball starts bouncing and under some circumstances can 
even be projected back to you. Investigate the motion of the 
ball and parameters influencing the motion, including the 
orientation of the plates. 
5. Ultrahydrophobic Water 
Set a dish filled with soapy water onto a loudspeaker or other 
vibrator. When it oscillates, it is possible to hold small droplets 
on its surface for a long time. Explain and investigate the 
phenomenon. 
6. Electric Honeycomb 
Set a vertically oriented steel needle over a horizontal metallic 
plate. Place some oil onto the plate. If you apply constant high 
voltage between the needle and the plate, a cell structure 
appears on the surface of the liquid. Explain and investigate 
this phenomenon. 
7. Hot Water Fountain 
Partially fill a Mohr pipette with hot water. Cover the top of the 
pipette with your thumb. Turn the tip upwards and observe the 
fountain exiting the tip. Investigate the parameters describing 
the height of the fountain, and optimize them to get the 
maximum height. 
8. Magnetic Train 
Button magnets are attached to both ends of a small 
cylindrical battery. When placed in a copper coil such that the 
magnets contact the coil, this "train" starts to move. Explain 
the phenomenon and investigate how relevant parameters 
affect the train's speed and power. 
9. Water Waves 
Generate a water wave with a vertically oscillating horizontal 
cylinder. When varying the excitation frequency and/or 
amplitude, the water seems to drift away from or towards the 
cylinder. Investigate the phenomenon. 
 
 
 

10. Light Rings 
Let a liquid jet fall onto a 
surface. If the contact point is 
illuminated by a laser beam, 
rings of light around the jet can 
be observed (see Figure). 
Investigate the light rings and 
determine how they depend on 
relevant parameters of the 
whole system. 
11. Rolling on a Disc 
If you put a light rolling object 
(e.g. a ring, a disc, or a sphere) 
on a horizontal rotating disc, it 
may start moving without being 
expelled from the disc. Explain 
how different types of motion 
depend on the relevant parameters. 
12. Van der Pauw Method 
It is known that conductivity of a material can be measured 
independently of the sample shape, as long as the sample has 
one border (no holes). To what extent can such a method be 
applied? Investigate and explain such measurements if the 
sample has holes. 
13. Paper Vice 
Take two similar paperback books and interleave a few pages 
at a time. Push the books together. Hold the two books by their 
spines and try to pull them apart. Investigate the parameters 
that set the limits of being able to separate the books. 
14. Sensitive Flame 
A combustible gas (e.g. propane) streams vertically out of a 
fine nozzle and then through a fine metallic mesh at a distance 
of about 5 cm. The gas is lit and produces a flame above the 
mesh. Under some circumstances, this flame reacts very 
sensitively to sound. Investigate the phenomenon and the 
relevant parameters. 
15. Contactless Calliper 
Invent and construct an optical device that uses a laser pointer 
and allows contactless determination of thickness, refractive 
index, and other properties of a glass sheet. 
16. Frisbee Vortices 
When a vertical plate is partially submerged in water and 
pulled in a direction normal to the plate, a pair of vortices is 
created in the surface of the water. Under certain conditions, 
these vortices travel along the surface for a long distance. 
Investigate the parameters influencing the motion and stability 
of these vortices. 
17. Crazy Suitcase 
When one pulls along a two wheeled suitcase, it can under 
certain circumstances wobble so strongly from side to side 
that it can turn over. Investigate this phenomenon. Can one 
suppress or intensify the effect by varied packing of the 
luggage? 
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Problem	  1	  	  

 

Material 

• Olika beroende på din konstruktion 

Parametrar att börja undersöka 

• Vilken är sannolikheten för varje möjligt utfall? Är 
den samma för alla utfall? 

• Finns det något sätt att påverka sannolikheten för 
specifika utfall? Hur kan man förhindra det? 

 

 

 
Bekanta dig med uppgiften 

• Randomness tests https://en.wikipedia.org/wiki/Randomness_tests  

 

 

	  

	  

Mer tips och extramaterial hittar du på http://kit.ilyam.org/	  
! !

!"#$%&'()*+&,"*-)%
! !-..+/"(%0&")1+2'.*,*+3."4,5+")*+50,..+674&(#4(&".+2'&85+")*+9')#,345+:,;5-4,+<)-=,&5-4>+'?+@-8,&-#$AB+

0443CDDEEEF1(.1-,DG%"(%0&")D/-.*,"D3"%,HI1048B+0443CDDEEEF1(.1-,DG%"(%0&")D/-.*,"D-)*,J8"-)1048
! K")-#,+L")9.,"=,1+M'E+4'+N"$,+O"3,&+!&-*%,5+65#-,)#,3&'P,#4-*,"5?'&$-*51#'8B+QIHIAB+

0443CDD5#-,)#,3&'P,#4-*,"5?'&$-*51#'8DQIHID8"$,R3"3,&R;&-*%,5D
! K")-#,+L")9.,"=,1+S+O"3,&+!&-*%,+65#-,)#,3&'P,#45?'&$-*51#'8B+QIITAB+

0443CDD5#-,)#,3&'P,#4-*,"5?'&$-*51#'8DQIITD"R3"3,&R;&-*%,D
! U-8+=")+*,&+M,.81+V,5-%)+O&'P,#4+HC+O"3,&+!&-*%,+6HIH"&4"=,1#'8B+QIHHAB+

0443CDDHIH"&4"=,1#'8D"&#0-=,5DWIQ
! O0>5-#5+X.>83-#5C+O"3,&+!&-*%,+Y)54&(#4-')5+6%&"=-4>$-..51),4AB+

0443CDDEEE1%&"=-4>$-..51),4DO0>5-#5X.>83-#5D!&-*%,1048
! !"5-#+)'4,5+";'(4+;&-*%,5+6;&")4"#")1#'1($AB+0443CDDEEE1;&")4"#")1#'1($D54"&4,&3"%,51048
! Z[\]+^_+^]`a`b`cd+6$."5-$"1,*(1.=AB+0443CDDEEE1$."5-$"1,*(1.=D),EDL4'&'PU."55DV'5(%DVQT1048
! O"3,&+;&-*%,+6,)%.-503.(510$AB+0443CDDEEE1,)%.-503.(510$De,"*<5f'ER@-44.,7#-,)4-54RW
! O"3,&+!&-*%,+6H+N,4,&A+;>+V2gS)*>B+0443CDD*?")*>1;.'%53'415,DQIIhDHQD3"3&1048.
! :-$-3,*-"C+74&,55B+0443CDD,)1E-$-3,*-"1'&%DE-$-D74&,55g68,#0")-#5A
! :-$-3,*-"C+O."4,+40,'&>B+0443CDD,)1E-$-3,*-"1'&%DE-$-DO."4,g40,'&>
! i'8"5j+:-,&j;-#$-1+Q1IhHKDHk1QFIK+O."4,5+")*+70,..5+6NYiB+QIIlAB+

0443CDD'#E18-41,*(D#'(&5,5D8,#0")-#".R,)%-),,&-)%DQRIhHPR3."4,5R")*R50,..5R53&-)%R
QIIlD&,"*-)%5D.,#4(&,)'4,13*?B+0443CDD'#E18-41,*(D#'(&5,5D8,#0")-#".R,)%-),,&-)%DQRIhHPR3."4,5R")*R
50,..5R53&-)%RQIIlD&,"*-)%5D")".>5-513*?

! m*("&*+L,)45,.+")*+i0,'*'&+U&"(40"88,&1+i0-)+O."4,5+n+70,..5C+i0,'&>B+S)".>5-5B+n+S33.-#"4-')5+
6N"#,..+V,$$,&B+QIIHAB+0443CDD?4,1,*(1-oD,?4&"40>"Dpk13*?
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Problem	  13	  	  

 

Material 

• Böcker 
• Borr 
• Lim / tejp 
• Dynamometrar 

 

Parametrar att börja undersöka 

• Hur påverkar antalet sidor kraften som krävs 
för att dra isär dem?  

• Hur påverkar arean på överlappet? 
• Vilken effekt har papperstypen? 

	  
	  

Bekanta dig med uppgiften 

• MythBusters – Phone Book Friction https://youtu.be/hOt-D_ee-JE  
 

 

	  

	  

 

 

Mer tips och extramaterial hittar du på http://kit.ilyam.org/	  
	  

! !

!"#$%&'()#*(+(,-&./010/#23
4(%/560($1%%(7&*5*(1(!/258!#25($1%%9(:12($&(;<==#"0&>(#2(12(<=?1">(1/";0"&1'*(@6&(
1/";0"&1'(:12($&(0/%0&>(A&0(;0/%%(;<==#"0(06&($1%%*(B2.&;0/510&(06&(&CC&:0(12>(#=0/'/;&(06&(
;A;0&'(0#(="#><:&(06&('1D/'<'(125%&(#C(0/%0(0610("&;<%0;(/2(1(;01$%&($1%%(=#;/0/#2*

E=&22;010&%/.&(FGGHI

! !

!"#$%&'()*+&,"*-)%
! !-..+/"(%0&")1+2'.*,*+3."4,5+")*+50,..+674&(#4(&".+2'&85+")*+9')#,345+:,;5-4,+<)-=,&5-4>+'?+@-8,&-#$AB+

0443CDDEEEF1(.1-,DG%"(%0&")D/-.*,"D3"%,HI1048B+0443CDDEEEF1(.1-,DG%"(%0&")D/-.*,"D-)*,J8"-)1048
! K")-#,+L")9.,"=,1+M'E+4'+N"$,+O"3,&+!&-*%,5+65#-,)#,3&'P,#4-*,"5?'&$-*51#'8B+QIHIAB+

0443CDD5#-,)#,3&'P,#4-*,"5?'&$-*51#'8DQIHID8"$,R3"3,&R;&-*%,5D
! K")-#,+L")9.,"=,1+S+O"3,&+!&-*%,+65#-,)#,3&'P,#45?'&$-*51#'8B+QIITAB+

0443CDD5#-,)#,3&'P,#4-*,"5?'&$-*51#'8DQIITD"R3"3,&R;&-*%,D
! U-8+=")+*,&+M,.81+V,5-%)+O&'P,#4+HC+O"3,&+!&-*%,+6HIH"&4"=,1#'8B+QIHHAB+

0443CDDHIH"&4"=,1#'8D"&#0-=,5DWIQ
! O0>5-#5+X.>83-#5C+O"3,&+!&-*%,+Y)54&(#4-')5+6%&"=-4>$-..51),4AB+

0443CDDEEE1%&"=-4>$-..51),4DO0>5-#5X.>83-#5D!&-*%,1048
! !"5-#+)'4,5+";'(4+;&-*%,5+6;&")4"#")1#'1($AB+0443CDDEEE1;&")4"#")1#'1($D54"&4,&3"%,51048
! Z[\]+^_+^]`a`b`cd+6$."5-$"1,*(1.=AB+0443CDDEEE1$."5-$"1,*(1.=D),EDL4'&'PU."55DV'5(%DVQT1048
! O"3,&+;&-*%,+6,)%.-503.(510$AB+0443CDDEEE1,)%.-503.(510$De,"*<5f'ER@-44.,7#-,)4-54RW
! O"3,&+!&-*%,+6H+N,4,&A+;>+V2gS)*>B+0443CDD*?")*>1;.'%53'415,DQIIhDHQD3"3&1048.
! :-$-3,*-"C+74&,55B+0443CDD,)1E-$-3,*-"1'&%DE-$-D74&,55g68,#0")-#5A
! :-$-3,*-"C+O."4,+40,'&>B+0443CDD,)1E-$-3,*-"1'&%DE-$-DO."4,g40,'&>
! i'8"5j+:-,&j;-#$-1+Q1IhHKDHk1QFIK+O."4,5+")*+70,..5+6NYiB+QIIlAB+

0443CDD'#E18-41,*(D#'(&5,5D8,#0")-#".R,)%-),,&-)%DQRIhHPR3."4,5R")*R50,..5R53&-)%R
QIIlD&,"*-)%5D.,#4(&,)'4,13*?B+0443CDD'#E18-41,*(D#'(&5,5D8,#0")-#".R,)%-),,&-)%DQRIhHPR3."4,5R")*R
50,..5R53&-)%RQIIlD&,"*-)%5D")".>5-513*?

! m*("&*+L,)45,.+")*+i0,'*'&+U&"(40"88,&1+i0-)+O."4,5+n+70,..5C+i0,'&>B+S)".>5-5B+n+S33.-#"4-')5+
6N"#,..+V,$$,&B+QIIHAB+0443CDD?4,1,*(1-oD,?4&"40>"Dpk13*?



	  
	  

	  

	   	   	   	  

	   	   	   	  

	  

	  Problem	  17	  

 

Material 

• Reseväska 
• Kamera / linjal 
• Massa på några kilogram 

Parametrar att börja undersöka 

• Hur ändrar massans storlek frekvens och 
amplitud på svängningen för reseväskan? 
• Hur ändrar massans placering frekvens och 
amplitud på svängningen för reseväskan? 

 
 
 

 

Bekanta dig med uppgiften 

	  
	  
	  
	  
	  
	  
	  
	  

	  

Mer tips och extramaterial hittar du på http://kit.ilyam.org/	  
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0443CDD5#-,)#,3&'P,#4-*,"5?'&$-*51#'8DQIITD"R3"3,&R;&-*%,D
! U-8+=")+*,&+M,.81+V,5-%)+O&'P,#4+HC+O"3,&+!&-*%,+6HIH"&4"=,1#'8B+QIHHAB+

0443CDDHIH"&4"=,1#'8D"&#0-=,5DWIQ
! O0>5-#5+X.>83-#5C+O"3,&+!&-*%,+Y)54&(#4-')5+6%&"=-4>$-..51),4AB+

0443CDDEEE1%&"=-4>$-..51),4DO0>5-#5X.>83-#5D!&-*%,1048
! !"5-#+)'4,5+";'(4+;&-*%,5+6;&")4"#")1#'1($AB+0443CDDEEE1;&")4"#")1#'1($D54"&4,&3"%,51048
! Z[\]+^_+^]`a`b`cd+6$."5-$"1,*(1.=AB+0443CDDEEE1$."5-$"1,*(1.=D),EDL4'&'PU."55DV'5(%DVQT1048
! O"3,&+;&-*%,+6,)%.-503.(510$AB+0443CDDEEE1,)%.-503.(510$De,"*<5f'ER@-44.,7#-,)4-54RW
! O"3,&+!&-*%,+6H+N,4,&A+;>+V2gS)*>B+0443CDD*?")*>1;.'%53'415,DQIIhDHQD3"3&1048.
! :-$-3,*-"C+74&,55B+0443CDD,)1E-$-3,*-"1'&%DE-$-D74&,55g68,#0")-#5A
! :-$-3,*-"C+O."4,+40,'&>B+0443CDD,)1E-$-3,*-"1'&%DE-$-DO."4,g40,'&>
! i'8"5j+:-,&j;-#$-1+Q1IhHKDHk1QFIK+O."4,5+")*+70,..5+6NYiB+QIIlAB+

0443CDD'#E18-41,*(D#'(&5,5D8,#0")-#".R,)%-),,&-)%DQRIhHPR3."4,5R")*R50,..5R53&-)%R
QIIlD&,"*-)%5D.,#4(&,)'4,13*?B+0443CDD'#E18-41,*(D#'(&5,5D8,#0")-#".R,)%-),,&-)%DQRIhHPR3."4,5R")*R
50,..5R53&-)%RQIIlD&,"*-)%5D")".>5-513*?

! m*("&*+L,)45,.+")*+i0,'*'&+U&"(40"88,&1+i0-)+O."4,5+n+70,..5C+i0,'&>B+S)".>5-5B+n+S33.-#"4-')5+
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! ./+0/+12"(3/+.'#$-)%+-)43"5-2-36+'7+"+8(22,*+4(-3#"4,+9-3:+39'+9:,,24/+;#3"+<,#:")-#"+==>?+=@A?+=BC@=>D+E=DDBF?+

:338GHH999/I4#/()-J@8"&-4@*-*,&'3/7&HK8:6,L8H(82'"*4HM"2-4,H"&3-#2,N/8*7
! O/+O(:,&I")?+./+0/+12"(3?+P/+Q/+R"34')?+")*+O/+Q:'I84')/+S77,#3+'7+0(I")+.,48')4,+Q-I,+')+.'#$-)%+

T)43"5-2-36+'7+"+Q9'@9:,,2,*+4(-3#"4,/+U/+O'()*+")*+M-5&"3-')+NV>?+C?+B=>@BNC+E=DD>F?+
:338GHH999/&"*7'&*/,*(HK3:'I84')H.1H4(-3#"4,/8*7

! W/+Q"$X#4?+Y/+O3Z8X)?+")*+O/+U/+0'%")/+T4'2"3,*+2"&%,+"I82-3(*,+8,&-'*-#+I'3-')4+'7+3'9,*+&-%-*+9:,,24/+
[')2-),"&+W6)"/+CN?+=@N?+N>@\A+ENVV]F?+"&^-JGV>==/NNN]+_)2-)/`Wa?+
:338GHH999/II/5I,/:(HK3"$"#4H8(52-#"3-')4H)'*6NVV]/8*7

! b/+</+bc.,-226+")*+1/+`/+M"&"*-/+;+Q&"J,2,&c4+R',4G+O'I,+1,&48,#3-J,4+7&'I+W6)"I-#"2+O643,I4/+T)G+[,9+
;882-#"3-')4+'7+[')2-),"&+")*+`:"'3-#+W6)"I-#4+-)+<,#:")-#4+O'2-*+<,#:")-#4+")*+-34+;882-#"3-')4?+M'2/+B\+
EO8&-)%,&?+=DDDF?+88/+\D>@AVB

! Y/+O3Z8X)/+W,2"6?+[')2-),"&+b4#-22"3-')4+")*+O:-II6-)%+R:,,24/+T)G+[,9+;882-#"3-')4+'7+[')2-),"&+")*+`:"'3-#+
W6)"I-#4+-)+<,#:")-#4+O'2-*+<,#:")-#4+")*+-34+;882-#"3-')4?+M'2/+B\+EO8&-)%,&?+=DDDF?+88/+\>\@\]B?+
:338GHH999/II/5I,/:(HK43,8")HIIH5''$H43,8")d4:-II6/8*7

! ./+0/+12"(3?+R/+Q/+e-,2*,&?+")*+P/+[/+M-&%-)/+e&"#3"2+5,:"J-'&+'7+")+"46II,3&-#+&-%-*+52'#$+'J,&3(&)-)%+*(,+3'+
:"&I')-#+I'3-')+'7+"+3-23,*+7'()*"3-')/+`:"'4?+O'2-3')4+f+e&"#3"24+>?+N?+=>>g=DB+E=DDBF

! W/+Q"$X#4+")*+Y/+O3Z8X)/+[')2-),"&+b4#-22"3-')4+"3+`&-3-#"2+O:-II6+1"&"I,3,&4G+SL8,&-I,)34+")*+[(I,&-#4/+
;O<S+NV=V+T)3/+<,#:/+S)%/+`')%&,44+")*+SL8'4-3-')?+M'2/+==+ENV=VF

! `/+O/+04(+")*+O/+U/+!:"33/+O3"5-2-36+`:"&34+7'&+O,#')*@b&*,&+W6)"I-#"2+O643,I4+R-3:+Q-I,+P"%/+U/+;882/+<,#:/+
\\?+=?+==D@=NA+E=DBBF

! ;/+;%,)'+")*+;/+O-)'8'2-/+P6"8()'Jh4+,L8'),)34+7'&+)')4I''3:+*6)"I-#4+9-3:+-I8"#34G+O3"5-2-36+")"264-4+'7+3:,+
&'#$-)%+52'#$/+T)3/+U/+!-7(&#"3-')+")*+`:"'4+ENV==F?+
:338GHH999/&,4,"&#:%"3,/),3H8&'7-2,H;))"dO-)'8'2-H8(52-#"3-')HNB\D]CACBdP6"8()'Jh4d,L8'),)34d7'&d)')4I''
3:d*6)"I-#4d9-3:d-I8"#34dO3"5-2-36d")"264-4d'7d3:,d&'#$-)%d52'#$H2-)$4HCA7A>5D#V#7N,,*C*>\A"BDV/8*7



	  
	  
	  

	   	   	   	  

	   	   	   	  

	  

	  Problem	  4	  	  
	  

 

Material 

• Studsboll 
• Två plattor 
• Linjal / kamera 
• Lutande plan för att kontrollera 
begynnelsehastighet och -rotation 

Parametrar att börja undersöka 

• Hur ändras studsen med olika avstånd 
mellan plattorna? 
• Hur ändras studsen med olika 
friktionskoefficient (material) på 
plattorna? 

 

Bekanta dig med uppgiften 

• Effect of ball bouncing under a table https://youtu.be/e-Skl2Z1wkg 
 

 

Mer tips och extramaterial hittar du på http://kit.ilyam.org/	  
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!"#$%&'()*+&,"*-)%
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(&8MNOPO"3QG#OR/STO8#EU>S/V1WX;YWOB>WZ[GNOPO#\Q>]3V57^R_*`!8#3<27\Y1*@V570W(#\U3
a#-*U,5,4M4&(,a#-*U,bMEcd==[Ec

! =.+<.+;54')A+=.+W.+W-88-$,)A+")*+U.+e2"-8.+/2,+7'()#-)%+3'4-')+'1+"+5(6,&7"88+7,49,,)+"+2'&-_')4"8+18''&+
")*+"+:,&4-#"8+9"88.+f)4.+<.+P')DN-).+W,#2.+HcA+@GHD@@O+F@GOOIA+
2446JKK999.467-).#'3Kd68'"*5Ke(7X,#45K1c#7O71"D,cCEDHcBHDR#?7DEc1OH@C*OGRc.6*1

! U.+f.+\"&9-).+g-),3"4-#5+'1+")+d84&",8"54-#+U'(%2+!"88.+;3.+<.+=2>5.+E?A+OA+BBDR@+FORcRIA+
2446JKK999.&6-.,*(K*,64K62>5K^'(&5,5K=0heOOCGK\"&9-)e(6,&!"88.6*1

! U.+^&'55.+W,"5(&,3,)45+'1+42,+2'&-_')4"8+#',11-#-,)4+'1+&,54-4(4-')+1'&+"+5(6,&7"88+")*+"+4,))-5+7"88.+;3.+
<.+=2>5.+?GA+CA+HB@DHBR+F@GG@IA+2446JKK999@.62>5-#5.(3*.,*(Ki31(2&,&K#'(&5,K56&G@K;<=K;<=GGHB@.6*1

! P.+W"9A+<.+U.+!"&7,&A+")*+<.+P.+V"9#,44.+/2,+'78-b(,+-36"#4+'1+,8"54-#+562,&,5.+T,"&+EBA+OA+OGODOOHA+
2446JKK999D6,&5')"8.(3-#2.,*(KiX7"&7,&KT,"&OR?c.6*1

! P.+W"9A+<.+U.+!"&7,&A+")*+<.+P.+V"9#,44.+/2,+&,7'()*+'1+,8"54-#+7'*-,5+-)+'78-b(,+-36"#4.+W,#2.+U,5.+
^'33.+HA+OA+O?D@@+FOR??IA+2446JKK999D6,&5')"8.(3-#2.,*(KiX7"&7,&KWU^OR??.6*1

! P.+W"9A+<.+U.+!"&7,&A+")*+<.+P.+V"9#,44.+/2,+U'8,+'1+[8"54-#+/")%,)4-"8+^'368-")#,+-)+j78-b(,+f36"#4.+<.+
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! U.+^&'55.+\&-6D58-6+7,2":-'&+'1+"+7'()#-)%+7"88.+;3.+<.+=2>5.+?GA+OOA+OGREDOOG@+F@GG@IA+
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0443CDD5#-,)#,3&'P,#4-*,"5?'&$-*51#'8DQIITD"R3"3,&R;&-*%,D
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! O"3,&+;&-*%,+6,)%.-503.(510$AB+0443CDDEEE1,)%.-503.(510$De,"*<5f'ER@-44.,7#-,)4-54RW
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Problem	  7	  	  

 

Material 

• Pipetter 
• Varmt vatten 
• Linjal / kamera  

Parametrar att börja undersöka 

• Hur ändras fontänens höjd vid olika mängd vätska? 
• Hur ändras fontänens höjd vid olika 

vattentemperaturer? 
 

	  

 

Bekanta dig med uppgiften 

• Water fountain with a pipette http://physics.stackexchange.com/questions/202232/water-fountain-with-a-pipette  

 

	  

	  

	  

 

Mer tips och extramaterial hittar du på http://kit.ilyam.org/	  
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	  Problem	  8	  	  
	  

 

Material 

• Mycket koppartråd på rulle 
• Batteri 
• Minst 2, gärna fler starka och små magneter  
• Stång som är tjockare än batteri och magneter 
som koppartråden kan rullas upp på 

Parametrar att börja undersöka 

• Hur ändras tågets hastighet med magneternas 
totala fältstyrka (antalet magneter på varje sida om 
batteriet)? 
• Hur ändras tågets hastighet med batteriets 
polspänning? 

 
 
 

Bekanta dig med uppgiften 

• World’s simplest electric train, https://youtu.be/J9b0J29OzAU 

 

 

 

 

 

 

 

Mer tips och extramaterial hittar du på http://kit.ilyam.org/ 

! !

!"#$%&'()*+&,"*-)%
! !-..+/"(%0&")1+2'.*,*+3."4,5+")*+50,..+674&(#4(&".+2'&85+")*+9')#,345+:,;5-4,+<)-=,&5-4>+'?+@-8,&-#$AB+

0443CDDEEEF1(.1-,DG%"(%0&")D/-.*,"D3"%,HI1048B+0443CDDEEEF1(.1-,DG%"(%0&")D/-.*,"D-)*,J8"-)1048
! K")-#,+L")9.,"=,1+M'E+4'+N"$,+O"3,&+!&-*%,5+65#-,)#,3&'P,#4-*,"5?'&$-*51#'8B+QIHIAB+

0443CDD5#-,)#,3&'P,#4-*,"5?'&$-*51#'8DQIHID8"$,R3"3,&R;&-*%,5D
! K")-#,+L")9.,"=,1+S+O"3,&+!&-*%,+65#-,)#,3&'P,#45?'&$-*51#'8B+QIITAB+

0443CDD5#-,)#,3&'P,#4-*,"5?'&$-*51#'8DQIITD"R3"3,&R;&-*%,D
! U-8+=")+*,&+M,.81+V,5-%)+O&'P,#4+HC+O"3,&+!&-*%,+6HIH"&4"=,1#'8B+QIHHAB+

0443CDDHIH"&4"=,1#'8D"&#0-=,5DWIQ
! O0>5-#5+X.>83-#5C+O"3,&+!&-*%,+Y)54&(#4-')5+6%&"=-4>$-..51),4AB+

0443CDDEEE1%&"=-4>$-..51),4DO0>5-#5X.>83-#5D!&-*%,1048
! !"5-#+)'4,5+";'(4+;&-*%,5+6;&")4"#")1#'1($AB+0443CDDEEE1;&")4"#")1#'1($D54"&4,&3"%,51048
! Z[\]+^_+^]`a`b`cd+6$."5-$"1,*(1.=AB+0443CDDEEE1$."5-$"1,*(1.=D),EDL4'&'PU."55DV'5(%DVQT1048
! O"3,&+;&-*%,+6,)%.-503.(510$AB+0443CDDEEE1,)%.-503.(510$De,"*<5f'ER@-44.,7#-,)4-54RW
! O"3,&+!&-*%,+6H+N,4,&A+;>+V2gS)*>B+0443CDD*?")*>1;.'%53'415,DQIIhDHQD3"3&1048.
! :-$-3,*-"C+74&,55B+0443CDD,)1E-$-3,*-"1'&%DE-$-D74&,55g68,#0")-#5A
! :-$-3,*-"C+O."4,+40,'&>B+0443CDD,)1E-$-3,*-"1'&%DE-$-DO."4,g40,'&>
! i'8"5j+:-,&j;-#$-1+Q1IhHKDHk1QFIK+O."4,5+")*+70,..5+6NYiB+QIIlAB+

0443CDD'#E18-41,*(D#'(&5,5D8,#0")-#".R,)%-),,&-)%DQRIhHPR3."4,5R")*R50,..5R53&-)%R
QIIlD&,"*-)%5D.,#4(&,)'4,13*?B+0443CDD'#E18-41,*(D#'(&5,5D8,#0")-#".R,)%-),,&-)%DQRIhHPR3."4,5R")*R
50,..5R53&-)%RQIIlD&,"*-)%5D")".>5-513*?

! m*("&*+L,)45,.+")*+i0,'*'&+U&"(40"88,&1+i0-)+O."4,5+n+70,..5C+i0,'&>B+S)".>5-5B+n+S33.-#"4-')5+
6N"#,..+V,$$,&B+QIIHAB+0443CDD?4,1,*(1-oD,?4&"40>"Dpk13*?

! !

!"#$%&'()#*(+(,-./0&123(1".204
5611#0('./0&17(."&(.11.38&9(1#($#18(&097(#:(.(7'.%%(3;%209"23.%($.11&";*(<8&0(=%.3&9(20(
.(3#==&"(3#2%(7638(18.1(18&('./0&17(3#01.31(18&(3#2%>(1827(?1".20,(71."17(1#('#@&*(AB=%.20(
18&(=8&0#'&0#0(.09(20@&712/.1&(8#C("&%&@.01(=.".'&1&"7(.::&31(18&(1".20D7(7=&&9(.09(
=#C&"*

EF'.G20/H32&03&(!" IJKLM

! !

!"#$%&'()*+&,"*-)%
! .'&/*01+2-34/,15+6/,#5&-#+7&"-)+!"#$%&'()*+,- 89'(5(:,;#'3<+=&'3+>3"?-)%2#-,)#,+. <+>(%+@A<+

@BCDE<+F5541GHH9'(5(;:,HIJ:BI@JK?>L
! .'&/*01+2-34/,15+6/,#5&-#+7&"-)+@+!"#$%&'()*+,- 89'(5(:,;#'3<+=&'3+>3"?-)%2#-,)#,+. <+M"&+C<+

@BCNE<+F5541GHH9'(5(;:,HOCMPK,&&(PL
! Q'R+*',1+5F-1+S1-34/,T+,/,#5&-#+5&"-)+R'&$U+84F91-#1;15"#$,V#F")%,;#'3<+@BCDE<+

F554GHH4F91-#1;15"#$,V#F")%,;#'3HW(,15-')1HCNBBXXHF'RY*',1Y5F-1Y1-34/,Y,/,#5&-#Y5&"-)YR'&$
! 7F,+3915,&9+'=+5F,+3"%),5-#+5&"-)+81$(//1-)5F,15"&1;#'3<+@BCDE<+F554GHH1$(//1-)5F,15"&1;#'3H@BCDHC@HC@H5F,Y

3915,&9Y'=Y5F,Y3"%),5-#Y5&"-)H
! .-$-4,*-"G+M"%),5-#+3'3,)5<+F5541GHH,);R-$-4,*-";'&%HR-$-HM"%),5-#Z3'3,)5
! [;+P,&:9+")*+2;+K/:,&5;+\9/-)*&-#"/+3"%),51+")*+-*,"/+1'/,)'-*1;+>3;+I;+]F91;+^_<+X<+@@JY@XN+8@BCBE
! I;+7;+\')R"9+")*+\;+>%*,&;+6V"#5+1'/(5-')1+='&+5F,+3"%),5-#+=-,/*1+'=+"V-1933,5&-#+1'/,)'-*1+")*+#(&&,)5+

*-15&-:(5-')1;+`666+7&")1;+')+M"%),5-#1<+X^<+D<+@J^^Y@J__+8@BB@E
! 2;+a;+M()-?<+M;+!F"55"#F"&9"<+")*+b;+2;+!"%)"5';+2-34/,+")"/91-1+'=+'==Y"V-1+1'/,)'-*+=-,/*1+(1-)%+5F,+1#"/"&+

3"%),5'15"5-#+4'5,)5-"/G+"44/-#"5-')+5'+"+c,,3")Y1/'R,&+='&+#'/*+"5'31;+>3;+I;+]F91;+_X<+NCXYNC^+8@BCNE<+
F554GHH4,'4/,;&-5;,*(H3V:141H](:/-#"5-')]Pd1H2,&%-'>I];4*=<+"&e-fGCBBX;X^@Bf@+g4F91-#1;"5'3Y4Fh+

! a;+Q;+I"#$1');+K==Y>V-1+6V4")1-')+2'/(5-')+'=+i"4/"#,j1+6W("5-')G+>44/-#"5-')+5'+>##(&"5,+")*+a"4-*+\"/#(/"5-')+
'=+\'-/+M"%),5-#+d-,/*1;+`666+7&")1;+')+6/,#5&')+P,f-#,1+DA<+N<+CBNBYCBA@+8CJJJE

! 6;+M;+](&#,//+")*+P;+I;+M'&-);+6/,#5&-#-59+k+M"%),5-13+8\"3:&-*%,+L)-f;+]&,11<+@BCXE
! P;+I;+l&-==-5F1;+`)5&'*(#5-')+5'+6/,#5&'3"%),5-13+8]&,)5-#,+Q"//<+CJJJE
! >;+c")%R-//;+M'*,&)+,/,#5&'3"%),5-13+8\"3:&-*%,+L)-f;+]&,11<+@BC@E
! I;+P;+I"#$1');+\/"11-#"/+,/,#5&'*9)"3-#1+8.-/,9<+CJJ_E
! .'&/*01+2-34/,15+6/,#5&-#+7&"-)+82R'&*3"$,&<+@BCNE<+F554GHHRRR;=&,,&,4(:/-#;#'3H='#(1H#F"5HX@ND@CXH4'151


	iypt 1.pdf
	iypt 2.pdf
	iypt 3.pdf
	iypt 4-5.pdf
	problem 1.pdf
	problem 13.pdf
	problem 17.pdf
	problem 4.pdf
	problem 7.pdf
	problem 8.pdf

