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ATSC 201 Fall 2025
Chapter 3: A10g, A14g, A15, A20g, A27g, E1
Total mark out of 28

Chapter 3

A10g)
(3.5 marks)

Given: z = 10000 m
T = -90 deg C

Find: θ(z) ? deg C

Use eqn 3.11:

Use eqn. 3.8: 

Convert z(m) into z(km):
z = 10 km

θ(z) = 8.00 deg C
281.15 K

Check: Units ok. Physics ok. 

Given air with temperature and altitude as listed below, use formulas (not 
thermo diagrams) to calculate the potential temperature. Show all steps in 
your calculations.  g) z(m) = 10,000, T(degC) =-90

Discussion: This is the temperature that a parcel at 
height of 10km would have if it were brought down 
to z=0 dry adiabatically. Potential temperature is 
constant through dry adiabatic processes.
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 When an air parcel rises/sinks ”dry” adiabati-
cally into regions of lower/higher pressure, its tem-
perature changes due to work done by/on the parcel, 
even though no thermal energy has been removed/
added.  Define a new temperature variable called 
the potential temperature R that is proportion-
al to the sensible heat contained in the parcel, but 
which is unaffected by work done by/on the parcel.  
 Namely, potential temperature is constant for 
an adiabatic process (i.e., ∆q = 0) such as air-parcel 
ascent.  Thus, we can use it as a conserved vari-
able.   R can increase/decrease when sensible heat 
is added/removed.  Such diabatic (non-adiabatic) 
heat transfer processes include turbulent mixing, 
condensation, and radiative heating (i.e., ∆q ≠ 0).
 Knowing the air temperature T at altitude z, you 
can calculate the value of potential temperature R 
from:
          Q( ) ( ) ·z T z zd� � '  •(3.11)

The units (K or °C) of R(z) are the same as the units of 
T(z).  There is no standard for z, so some people use 
height above mean sea level (MSL), while others use 
height above local ground level (AGL).
 If, instead, you know air temperature T at pres-
sure-level P, then you can find the value of R from:
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where �d/Cp = 0.28571 (dimensionless) and where 
temperatures must be in Kelvin.  A reference pres-
sure of Po = 100 kPa is often used, although some 
people use the local surface pressure instead.  In this 
book we will assume that the surface pressure equals 
the reference pressure of Po = 100 kPa and will use z 
= 0 at that surface, unless stated otherwise.
 Both eqs. (3.11) and (3.12) show that R = T at z = 0 
or at P = Po.  Thus R is the actual temperature that an 
air parcel potentially has if lowered to the reference 
level adiabatically.  
 A virtual potential temperature Rv for humid 
air having water-vapor mixing ratio r but containing 
no solid or liquid water is defined as:

    Q Qv a r� �·[ ( · )]1  (3.13)

where  a = 0.61  gair/gwater vapor .  If the air contains 
ice crystals, cloud drops, or rain drops, then virtual 
potential temperature is given by:

    Q Qv L Ia r r r� � 
 
·[ ( · ) ]1  •(3.14)

where rL is the liquid-water mixing ratio and rI = ice 
mixing ratio.   Mixing ratio is described in the Wa-

Sample Application
 Find R for air  of T = 15°C at z = 750 m?

Find the Answer
Given:  T = 15°C,  z = 750 m,  
Find: R = ? °C

Apply eq. (3.11), and assume no ice or rain drops.
� R  =  15°C  +  (9.8 °C km–1)· (0.75 km) = 22.35 °C

Check:  Physics & units are reasonable.
Exposition:  Notice that potential temperatures are 
warmer than actual air temperatures for z > 0.  

Sample Application
 What is the virtual potential temperature of air 
having potential temperature 15°C, mixing ratio 0.008 
gwater vapor/gair , and liquid water mixing ratio of:   
a) 0  ;    b) 0.006 gliq.water/gair ?

Find the Answer
Given:  R =15°C = 288 K, r = 0.008 gwater vapor/gair ,
  a) rL = 0 ;       b) rL =0.006 gliq.water/gair .
Find: Rv  = ? °C
Abbreviate “water vapor” with “wv” here.

a) Apply eq (3.13):     Rv  = (288K)·
 [1 + (0.61 gair/gwv ) · ( 0.008 gwv/gair ) ] .
 Thus,   Rv  = 289.4 K.    Or subtract 273 to 
 get Celsius:   Rv  = 16.4 °C.

a) Apply eq (3.14):     Rv  = (288K)·
 [1 + (0.61 gair/gwv ) · ( 0.008 gwv/gair )  – 
    0.006 gliq./gair ] = 287.7 K.   
 Subtract 273 to get Celsius:   Rv  = 14.7°C.

Check:  Physics and units are reasonable.
Exposition:  When no liquid water is present, virtual 
pot. temperatures are always warmer than potential 
temperatures, because water vapor is lighter than air.  
 However, liquid water is heavier than air, and 
has the opposite effect.  This is called liquid-water 
loading, and makes the air act as if it were colder.

Sample Application
 Find  R for air at P = 70 kPa with T = 10°C?

Find the Answer
Given:  P = 70 kPa ,  T = 10°C = 283 K,  Po = 100 kPa
Find:  R = ? °C

Apply eq. (3.12): R = (283 K) · [(100 kPa)/(70 kPa)]0.28571  
  R = 313.6 K  =  40.4 °C  

Check:  Physics OK.  R is always greater than the ac-
tual T, for P smaller than the reference pressure.
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 The word adiabatic means zero heat transfer (∆q 
= 0).  For the protected inner core of air parcels, this 
means no thermal energy entering or leaving the air 
parcel from outside (Fig. 3.2).  Nonetheless, internal 
processes are allowed.
 For the special case of humid air with no liquid 
water or ice carried with the parcel (and no water 
phase changes; hence, a “dry” process), eq. (3.5) 
gives:
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Recalling that the lapse rate is the negative of the 
vertical temperature gradient, we can define a “dry” 
adiabatic lapse rate (d as:  

� � � �(d  =  9.8 K km–1  =  9.8 °C km–1 (3.8)

(Degrees K and °C are interchangeable in this equa-
tion for this process lapse rate, because they repre-
sent a temperature change with height.)  
 The HIGHER MATH box at left shows how this 
dry adiabatic lapse rate can be expressed as a func-
tion of pressure P:
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where  �d/Cp  = 0.28571 (dimensionless) for dry air, 
and where temperatures are in Kelvin.   
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 Start with the First Law of Thermodynamics (eq. 
3.2d), but written more precisely using virtual tem-
perature Tv to account for arbitrary concentrations of 
water vapor in the air.  Set ∆q = 0 because adiabatic 
means no heat transfer:

    
d dP C Tp v� R· ·

Use the ideal gas law R � �P Td v/( · )  to eliminate S:
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Integrate from starting (P1, Tv1) to ending (P2, Tv2):

    

d dP
P

C T
T

P

P
p

d

v

vT

T

v

v

1

2

1

2

° °�
�

·

assuming Cp/�d  is somewhat constant.  The integral 
is:
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Insert limits of integration. Also: ln(a) –ln(b) = ln(a/b).
Thus:
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Use the relationship:  a·ln(b) = ln(ba):
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The anti-log of the equation ( eLHS = eRHS ) yields:
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Sample Application
 An air parcel with initial (z, P, T) = (100m, 100 kPa, 
20°C) rises adiabatically to (z, P) = (1950 m, 80 kPa).  
Find its new T,  & compare eqs. (3.7) & (3.10). 

Find the Answer
Given:  P1 = 100 kPa,  P2 = 80 kPa,  T1 = 20°C = 293K
  z1 = 100 m,  z2 = 1950 m
Find:    T2 = ? °C

First, apply eq. (3.7), which is a function of z:
 T2 = T1 + (∆z)·(–(d) = 20°C – (1950–100m)·(0.0098°C/m)
 = 20°C – 18.1°C  =  1.9°C.  

Compare with eq. (3.10), which is a function of P:  
 T2 = (293K) · [(80kPa)/(100kPa)]0.28571   
 T2 = 293K · 0.9382  =  274.9 K  =  1.9°C  

Check:  Both equations give the same answer, so ei-
ther equation would have been sufficient by itself.  

Sample Application
 Find the lapse rate in the troposphere for a stan-
dard atmosphere.

Find the Answer
Given:  Std. Atmos. Table 1-5 in Chapter 1, , where 
 T= –56.5°C at z = 11 km, and T = +15°C at z = 0 km.
Find: ( = ?  °C km–1

Apply eq. (3.6):  ( = – (–56.5 – 15°C)  (11–0 km) 
      = +6.5 °C km–1 

Check:  Positive (, because T decreases with z.  
Exposition:  This is the environmental lapse rate of 
the troposphere. It indicates a static background state.
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A14g)
(3 marks)

Given: P = 80 kPa
θ = -10 degC

 
Find: T = ? deg C

Using thermo diagram:

T = -25 degC

Check: Units ok.
Discussion: This parcel would warm by about 15 degrees

if it was brought to the surface

Instead of equations, use the Fig 3.4 to find the actual air temperature (degC) 
given: g) P(kPa) = 80, θ(degC) = -10. 



HW 6 Answer Key

A15)
(7.5 marks)

Use eqn. 3.10:

Rd/cp = 0.28571

Each T(degC) column is a dry adiabat
P (kPa) T (degC) T (degC) T (degC) T (degC) T (degC) T (degC)

10 -157.49657 -152.31705 -147.13752 -141.958 -136.77847 -131.59895
20 -132.20017 -125.88627 -119.57238 -113.25848 -106.94459 -100.6307
30 -114.9068 -107.81742 -100.72804 -93.638662 -86.549281 -79.4599
40 -101.36359 -93.66689 -85.97019 -78.27349 -70.57679 -62.880089
50 -90.064672 -81.861294 -73.657916 -65.454538 -57.25116 -49.047782
60 -80.282809 -71.640783 -62.998756 -54.35673 -45.714703 -37.072676
70 -71.605399 -62.574251 -53.543103 -44.511955 -35.480807 -26.449659
80 -63.773494 -54.391139 -45.008785 -35.62643 -26.244076 -16.861721
90 -56.612838 -46.909378 -37.205918 -27.502458 -17.798998 -8.0955374

100 -50 -40 -30 -20 -10 0.0000001

T (degC) T (degC) T (degC) T (degC) T (degC) T (degC) T (degC)
-126.41942 -121.23989 -116.06037 -110.88084 -105.70132 -100.52179 -95.342265
-94.316802 -88.002909 -81.689015 -75.375121 -69.061227 -62.747333 -56.433439
-72.370519 -65.281138 -58.191757 -51.102376 -44.012995 -36.923614 -29.834234
-55.183389 -47.486689 -39.789989 -32.093289 -24.396589 -16.699889 -9.0031894
-40.844405 -32.641027 -24.437649 -16.234271 -8.0308929 0.17248504 8.37586297

-28.43065 -19.788624 -11.146597 -2.5045705 6.13745598 14.7794825 23.421509
-17.418511 -8.3873626 0.64378539 9.6749334 18.7060815 27.7372295 36.7683775
-7.4793664 1.90298812 11.2853427 20.667697 30.0500518 39.4324063 48.8147608
1.6079227 11.3113829 21.014843 30.718303 40.4217634 50.1252235 59.8286837

10 20 30 40 50 60 70

Use a spreadsheet to calculate and plot a thermo diagram similar to Fig. 3.4  
but with isotherm grid lines every 10degC, and dry adiabats for every 10degC 
from -50degC to 80degC. 

60 CHAPTER  3   •   HEAT  BUDGETS

%SZ�"EJBCBUJD�-BQTF�3BUF
 The word adiabatic means zero heat transfer (∆q 
= 0).  For the protected inner core of air parcels, this 
means no thermal energy entering or leaving the air 
parcel from outside (Fig. 3.2).  Nonetheless, internal 
processes are allowed.
 For the special case of humid air with no liquid 
water or ice carried with the parcel (and no water 
phase changes; hence, a “dry” process), eq. (3.5) 
gives:
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Recalling that the lapse rate is the negative of the 
vertical temperature gradient, we can define a “dry” 
adiabatic lapse rate (d as:  

� � � �(d  =  9.8 K km–1  =  9.8 °C km–1 (3.8)

(Degrees K and °C are interchangeable in this equa-
tion for this process lapse rate, because they repre-
sent a temperature change with height.)  
 The HIGHER MATH box at left shows how this 
dry adiabatic lapse rate can be expressed as a func-
tion of pressure P:
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where  �d/Cp  = 0.28571 (dimensionless) for dry air, 
and where temperatures are in Kelvin.   
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 Start with the First Law of Thermodynamics (eq. 
3.2d), but written more precisely using virtual tem-
perature Tv to account for arbitrary concentrations of 
water vapor in the air.  Set ∆q = 0 because adiabatic 
means no heat transfer:

    
d dP C Tp v� R· ·

Use the ideal gas law R � �P Td v/( · )  to eliminate S:

    d
d

P
P C T

T
p v

d v
�

�
· ·

·

Group temperature & pressure terms on opposite 
sides of the eq.:
    d dP

P

C T
T

p

d

v

v
�
�

·

Integrate from starting (P1, Tv1) to ending (P2, Tv2):
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assuming Cp/�d  is somewhat constant.  The integral 
is:
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Insert limits of integration. Also: ln(a) –ln(b) = ln(a/b).
Thus:
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Use the relationship:  a·ln(b) = ln(ba):
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The anti-log of the equation ( eLHS = eRHS ) yields:
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Sample Application
 An air parcel with initial (z, P, T) = (100m, 100 kPa, 
20°C) rises adiabatically to (z, P) = (1950 m, 80 kPa).  
Find its new T,  & compare eqs. (3.7) & (3.10). 

Find the Answer
Given:  P1 = 100 kPa,  P2 = 80 kPa,  T1 = 20°C = 293K
  z1 = 100 m,  z2 = 1950 m
Find:    T2 = ? °C

First, apply eq. (3.7), which is a function of z:
 T2 = T1 + (∆z)·(–(d) = 20°C – (1950–100m)·(0.0098°C/m)
 = 20°C – 18.1°C  =  1.9°C.  

Compare with eq. (3.10), which is a function of P:  
 T2 = (293K) · [(80kPa)/(100kPa)]0.28571   
 T2 = 293K · 0.9382  =  274.9 K  =  1.9°C  

Check:  Both equations give the same answer, so ei-
ther equation would have been sufficient by itself.  

Sample Application
 Find the lapse rate in the troposphere for a stan-
dard atmosphere.

Find the Answer
Given:  Std. Atmos. Table 1-5 in Chapter 1, , where 
 T= –56.5°C at z = 11 km, and T = +15°C at z = 0 km.
Find: ( = ?  °C km–1

Apply eq. (3.6):  ( = – (–56.5 – 15°C)  (11–0 km) 
      = +6.5 °C km–1 

Check:  Positive (, because T decreases with z.  
Exposition:  This is the environmental lapse rate of 
the troposphere. It indicates a static background state.
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T (degC)
-90.16274

-50.119545
-22.744853
-1.3064893
16.5792409
32.0635355
45.7995256
58.1971154
69.5321439

80

Check: Units ok. Physics ok. 
Discussion:

A thermo diagram is useful in many ways, including determining 
quickly the stability of different layers in the atmosphere, based 
on temperature soundings, to predict whether clouds and 
thunderstorms will form. 
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A20g)
(3 marks)

Given: Ta = 20 °C
Ts = 27 °C
M = 10 m/s

Find: FH = ? °C*m/s

Use eqn. 3.35:
FH = CH*M*(Ts-Ta)

where CH = 2.00E-02 for forests

FH = 1.40 °C*m/s

Check: Units ok. Physics ok. 
Discussion: For every degree Celsius difference between the surface 
temperature and the air temperature, the effective surface turbulent heat
flux increases by 0.4 degC*m/s for a given wind speed of 10m/s. The
stronger the winds are, the greater the increase in the effective surface
turbulent heat flux. 

Find the effective surface turbulent heat flux (°C*m/s) over a forest for wind 
speed of 10 m/s, air tempertaure of 20 °C, and surface temperature (°C) of: f) 
27. 
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A27g)
(4 marks)

Given: zT = 11 km
z = 3 km
Γsa = 6.5 K/km
Δt = 1 hr 3600 s

Find: ΔFz/Δz = ? K/s

First find initial lapse rate using eqn. 3.6:

where T2 = -60 degC 213.15 K
T1 = 25 degC 298.15 K

z2 = zT = 11 km
z1 = 0 km

Γps = 7.72727273 degC/km  = K/km

Now use eqn. 3.43:

ΔF/Δz = 0.00085 K/s

Check: Units ok. Physics ok. 
Discussion: The vertical turbulent flux gradient mixes the pre-storm air
until the temperature profile returns to that of the standard atmosphere

Given a pre-storm environment where the temperature varies linearly from 
25°C at the Earth's surface to -60°C at 11km (tropopause). What is the value of 
the vertical gradient of turbulent flux (K/s) for an altitude (km) of: g) 3km
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 Various processes can cause heat transfer (∆q).  
The sun could heat the air, or IR radiation could cool 
the air.  Water vapor could condense and release 
its latent heat back into sensible heat.  Exothermic 
chemical reactions or radioactive decay could occur 
among air pollutants carried within the parcel.  In-
ternal turbulence could dissipate into heat.  Molecu-
lar conduction in the air is very weak, but turbulence 
could mix warmer or cooler air into the air parcel.  
Other processes such as convection and advection 
(Fig. 3.2) do not change the parcel’s temperature, but 
can move the air parcel along with the heat that it 
possesses.  
 Eq. (3.5) represents a heat budget.  Namely, par-
cel temperature (which indicates heat possessed) 
is conserved unless it moves to a different height 
(where the pressure is different) or if heat is trans-
ferred to or from it.  Thus, eq. (3.5) and the other First 
Law of Thermo eqs. (3.2) are also known as heat 
conservation equations. 
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 Define the lapse rate, (, as the amount of tem-
perature decrease with altitude:
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Note that the lapse rate is the negative of the verti-
cal temperature gradient ∆T/∆z.
 We separately consider the lapse rates inside 
the air parcel, and in the surrounding environment 
outside.  Inside the air parcel, all the processes il-
lustrated in Fig. 3.2 could apply, causing the parcel’s 
temperature to change with changing altitude.  The 
resulting ∆T/∆z (times –1) defines a process lapse 
rate (Fig. 3.3).
 Outside the air parcel, assume the environmen-
tal air is relatively stationary .  This is the ambient 
environment through which the air parcel moves.  
But this environment could have different tempera-
tures at different altitudes, allowing us to define an 
environmental lapse rate (Fig. 3.3).  By sampling 
the ambient air at different heights using weather 
instruments such as radiosondes (weather balloons) 
and then plotting T vs. z as a graph, the result is an 
environmental sounding or vertical tempera-
ture profile of the environment.  The environ-
mental sounding changes as the weather evolves, 
but this is usually slow relative to parcel processes.  
Thus, the environment is often approximated as be-
ing unchanging (i.e., static).
 The temperature difference (Fig. 3.3) between the 
parcel and its environment is crucial for determin-
ing parcel buoyancy and storm development.  This 
is our motivation for examining both lapse rates.  

Figure 3.3
Left:  Sketch of a physical situation, showing an air parcel mov-
ing through an environment.  In the environment, darker colors 
indicate warmer air.  Right: Temperature profiles for the envi-
ronment and the air parcel.   The environmental air is not mov-
ing.  In it, air at height z1 has temperature T1 env, and air at z2 
has T2 env.  The air parcel has an initially warm temperature, 
but its temperature changes as it rises:  becoming T1 pr at height 
z1, and later becoming T2 pr at height z2.   In the environment 
of this example, temperature increases as height increases, im-
plying a negative environmental lapse rate.  However, the air 
parcel’s temperature decreases with height, implying a positive 
parcel lapse rate.
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Internal and external processes affecting air-parcel temperature. 

"EWFDUJPO

$POWFDUJPO

5SBOTGFS�UP�GSPN
PVUTJEF�

$POEVDUJPO

3BEJBUJPO

5VSCVMFODF

���1SPDFTTFT
������*OTJEF�
r�MBUFOU�IFBUJOH
r�SBEJPBDUJWF�EFDBZ
r�DIFNJDBM�SFBDUJPOT
r�UVSCVMFODF�EJTTJQBUJPO
r�BEJBCBUJD�FYQBOTJPO

"JS �1BSDFM
�.PU JPO

70 CHAPTER  3   •   HEAT  BUDGETS

by the thick green line in Fig. 3.7.  This line has a val-
ue at the bottom of the ABL as given by the effective 
surface flux (Fz bottom = FH), and at the top has a value 
of (Fz top ≈ –0.2·FH) on less windy days.  Thus, the 
flux-divergence term for turbulence (during sunny 
fair weather, within domain 0 < z < zi ) is:
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for an ABL depth zi  of 0.2 to 3 km.  
 When no storm clouds are present, the air at z > 
zi is often not turbulent during daytime:
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During clear nights of fair weather, turbulence can 
be very small over most of the lower 3 km of tropo-
sphere, except in the very lowest 100 m where wind 
shears can still create occasional turbulence.

Stormy Weather
 Sometimes horizontal advection can move warm 
air under colder air.  This makes the atmosphere 
statically unstable, allowing thunderstorms to form.  
These storms try to undo the instability by over-
turning the air — allowing the warm air to rise and 
cold air to sink.  But the result is so violently turbu-
lent that much mixing also takes place.  The end re-
sult can sometimes be an atmosphere with a vertical 
gradient close to that of the standard atmosphere, 
as was discussed in Chapter 1.  Namely, the atmo-
sphere experiences moist convective adjustment, 
to adjust the initial less-stable lapse rate to one that 
is more stable.
 The standard atmospheric lapse rate ((sa = 
–∆T/∆z ) is 6.5 K km–1.  Suppose that the initial lapse 
rate before the thunderstorm forms is (ps (= –∆T/∆z). 
The amount of heat flux that is required to move the 
warm air up and cold air down during a storm life-
time of ∆t (≈1 h) is:
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where the troposphere depth is zT (≈11 km).  An ini-
tially unstable environment gives a positive value 
for the factor enclosed by square brackets.
 Because thunderstorm motions do not penetrate 
below ground, and assuming no flux above the top 
of the storm, then the vertical turbulent heat flux 
must be zero at both the top and bottom of the tro-
posphere, as was sketched in Fig. 3.8.  The parabolic 

Sample Application
 Given the Sample Application at the top of the pre-
vious page, what is the value for vertical flux diver-
gence for this calm, sunny ABL?

Find the Answer
Given: FH = 0.83 K·m·s–1,   zi = 3000 m
Find: ∆Fz turb/∆z = ?  (K s–1)

Apply eq. (3.41):
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    =  –0.000332 K·s–1  

Check:  Physics and units are reasonable.
Exposition:  Recall from eq. (3.17) that a negative ver-
tical gradient gives a positive warming with time — 
appropriate for a sunny day.  The amount of warming 
is about 1.2°C/h.  You might experience this warming  
rate over 10 hours on a hot sunny day.

Figure 3.8
If a deep layer of cold air lies above a deep layer of warm air, such 
as in a pre-thunderstorm environment, then the air is statically 
unstable.  This instability creates a thunderstorm, which not 
only causes overturning of tropospheric air, but also mixes the 
air.  The final result can differ from storm to storm, but here we 
assume that the storm dies when the atmosphere has been mixed 
to the standard (std.)-atmosphere lapse rate of 6.5°C/km.
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HW 6 Answer Key

E1)
(7 marks)

Given: Ti = 15 °C
m_water = 1 kg

m_ice = 1 kg
Lf = 334 kJ/kg 3.34E+05 J/kg
C_liquid = 4.218 kJ/(kg*degC) 4218 J/(kg*degC)
Assume ice has an initial temperature of 0°C

Find energy required to melt all of the ice:
Δqe = Δm_ice*Lf
Δqe = 334000 J

Use eqn. 3.4b to find how much energy released when water cools to 0°C. 
This is how much energy we have available to melt the ice.

ΔQh = m_water*C_liquid*ΔT
where ΔT = -15 °C

ΔQh = -63270 J

Now find Δm_ice (how much of the ice will melt) given Δqe = 63270 J

Δm_ice = Δqe/Lf (just equation 3.1 but rearranged)
Δm_ice = -0.189 kg

which means 0.189kg of ice has melted before the water and ice are in an 

Assume that 1kg of liquid water initially at 15°C is in an insulated container.  
Then you add 1kg of ice into the container. The ice melts and the liquid water 
becomes colder. Eventually a final equilibrium is reached. Describe what you 
end up with at this final equilibrium?

The water will cool to 0°C and release 63270 J of energy (sensible heat). This energy is 
transferred to the ice, but it is not enough energy to melt ALL the ice (which would 
take 334000 J). But SOME of the ice will melt.

An insulated container is an isolated system. This means that the water and ice only 
give/take energy from each other, not their surroundings. So equilibrum is reached 
when the water reaches a temperature of 0°C and the ice stops melting, OR, when 
all ice has melted and the water is still above 0°C.
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equilibrium state at 0°C. 

Finally find how much ice is left as solid:
Δm_ice_unmelted = m_ice_initial - m_ice_melted

= 1kg - 0.189kg
= 0.811 kg 

And how much water we have at the end:
M_water = 1 kg + 0.189 kg = 1.189 kg

final state:
T = 0°C for the water and ice.
m_ice = 0.811kg of ice is still in the water.
M_water = 1.189 kg of water is in the container.

Check: Units ok. Physics ok.
Discussion: In a non-insulated container, the ice would fully melt and

equilibrium would not be reached until the water is the same
temperature as the surrounding air.


