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4. Lasketaan ensin hiekkamaardn massa: Mhiekka = PhiekkaVhiekka = 1500 kg/m3 * 71 m* = 106500 kg

Hiekka pystyy luovuttamaan energiaa, kun se jadhtyy alkulampétilasta 595 °C loppulampétilaan 49 °C.
Talloin lampdotilan muutos on AThiekka = 595 °C—49 °C = 546 °C.
Luovutettu energiamaara on Q = ChiekkaMhiekkaAThiekka = 48845160 kJ

Edella lasketun luovutetun energiamaaran seka veden lampotilamuutoksen (ATyesi =91 °C -49 °C=42 °(C)
saadaan laskettua veden massa: mMyesi = Q / (Cvesi ATvesi) = 277560,9 kg ~ 280 000 kg

Veden tilavuudeksi saadaan tallin Vyesi = Myesi / Pvesi = 277560,9 kg / 1000 kg/m?3=277,5609 m* ~ 280 m?
Vastaukseksi hyvaksytdan joko veden massa tai veden tilavuus.

Berdknar férst sandens massa: Msand = Psand Vsand = 1500 kg/m3 * 71 m? = 106500 kg

Sanden kan avge energi da den svalnar fran initialtemperaturen 595 °C till temperaturen 49 °C.
Temperaturférandringen ar da  ATsana= 595 °C—49 °C = 546 °C.
Mangden varme som avges ar Q = CsandMsandATsand = 48845160 kI

Med den ovan berdknade virmemangden, samt vattnets temperaturférandring ( ATvatten = 91 °C - 49 °C
=42 °C) kan man ber&kna vattnets massa: Myatten = Q / (Cvatten ATvatten) = 277560,9 kg =~ 280 000 kg

Vattnets volym &r d&: Viatten = Myatten / Puatten = 277560,9 kg / 1000 kg/m3 = 277,5609 m?® =~ 280 m?

Som svar godkdnns antingen massa eller volym.

First let’s calculate the mass of the sand: Msand = PsandVsand = 1500 kg/m?3 * 71 m? = 106500 kg

The sand can release energy, when it cools from the initial temperature of 595 °C to the final temperature
of 49 °C. The temperature difference is then ATsng= 595 °C — 49 °C = 546 °C.
The amount of released energy is Q = CsandMsandATsand = 48845160 kJ

Using the previously calculated energy and the temperature difference (ATwater = 91 °C - 49 °C = 42 °C),
we can calculate the mass of water: Myater = Q / (Cwater ATwater) = 277560,9 kg =~ 280 000 kg

The volume of water is Vyater = Mwater / Pwater = 277560,9 kg / 1000 kg/m3=277,5609 m* ~ 280 m3
Either the water’s mass or volume is accepted as an answer.
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O=vesi/vatten/water: nq = 1,33
1=ydin/kérna/core: n; = 1,50
2=kuori/hélje/cladding: ny = 1,46

Haetaan ensin kokonaisheijastuksen rajakulma ytimen ja kuoren vélillda. Tama vastaa taittumisen tilannetta, jossa
taitekulma kuoreen on ¢, = 90°. Talldin ytimesta rajapintaan tulevan sateen kulma saadaan taittumislain avulla:
nysin ¢y = nosin ¢o. TAStE ¢ = sin~! (%ﬁ”‘”) = 76,74°. Talléin vedesta kuituun taittuneen valon kulma on oltava
90° — ¢y = 13,26°.

Kuidun ytimen ja veden rajapinnassa tapahtuu myds taittuminen. Talléin tulokulma 0 saadaan kéyttden uudestaan
taittumislakia: ng sin @ = n, sin @y, josta saadaan 6 = sin™* (%) = 15,0°.

Jos kulma on tata pienempi, niin taittumista kuidun ytimesta kuoreen ei tapahdu eli séde pysyy kuidun ytimen sisalla.

Vi tar forst reda pa den kritiska vinkeln for totalreflektion mellan k&rnan och skalet. Detta motsvaras av en situation
dér brytningsvinkeln in i skalet &r ¢ = 90°. | detta fall f4s den inkommande stralens infallsvinkel fran brytningslagen:
n1sin ¢ = no sin ¢o. SOM ger ¢; = sin ! (%‘1“"2) = 76,74°. Det betyder att vinkeln for stralen som traffat gransytan
mellan vatten och karnan bér vara 90° — ¢; = 13,26°.

Det sker ockséa en brytning i grdnsytan mellan vattnet och ké&rnan. Infallsvinkeln 6 fas genom att man utnyttjar bryt-
ningslagen pa nytt: ngsin = n; sin 6, ur vilken man far § = sin ! (%;’91) = 15,0°.

Om vinkeln &r mindre &n sa kan ingen brytning fran kérnan till skalet ske, dvs. stralen halls innanfér kdrnan.

First, we search for the angle of the total internal reflection between the core and the cladding. This corresponds to a
situation where the angle of refraction into the cladding is ¢2 = 90°. In this case, the angle of the incident ray can be
obtained from the law of refraction: n; sin ¢; = ny sin ¢o. We get ¢ = sin™! (%) = 76.74° This means that the
angle of the ray entering the core is 90° — ¢; = 13.26°.

There is a refraction also in the boundary between water and the core. The angle of incidence 6 is obtained using the
law of refraction again: ng sin§ = n; sin 61, resulting in # = sin™! (%{?91) = 15.0°.

If the angle is smaller than this, there will not be refraction into the cladding, i.e., the ray stays inside the core.



