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Transients of Water Distribution and Transport in PEM Fuel
Cells
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The response of polymer electrolyte membrane �PEM� fuel cells to a step change in load is investigated experimentally in this
work. Voltage undershoot, a characteristic feature of transient response following a step increase in current, is due to transients of
water distribution in the membrane and ionomers occurring at subsecond time scales. The use of humidified reactants as a means
to control the magnitude of voltage undershoot is demonstrated. Further, the response under a step decrease in current density is
explored to determine the existence of hysteresis. Under sufficiently humidified conditions, the responses under forward and
reverse step changes are symmetric, but under low relative humidity conditions, voltage undershoot is twice as large as the
overshoot.
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Recent advances in fuel cell technology have made polymer
electrolyte fuel cells increasingly attractive for transportation
applications.1-4 Deployment of fuel cells in the automotive sector
requires that these systems have an ability to deliver consistent and
stable power under varying load conditions. Therefore, an under-
standing of transient response characteristics is crucial not only for
performance prediction and system design but also for the develop-
ment of a proper water management strategy for dynamic loading
conditions.

The typical response of fuel cell voltage to a step change in
external load is shown in Fig. 1. It is seen that after a step increase
in load, there is an initial dip �or undershoot� in voltage, which then
recovers and eventually reaches its steady-state value. The magni-
tude of voltage undershoot is generally on the order of several tens
of millivolts. The recovery period may last for several seconds de-
pending on operating conditions and step size. Similarly, a tempo-
rary spike �overshoot� in voltage is observed after a step decrease in
current, which again takes a few seconds for the voltage to settle
down to its steady-state value.

Transient response under dynamic load conditions has attracted
tremendous interest in recent years, and several research groups
have studied it experimentally and computationally. Early work in
this area was reported by Amphlett et al., who studied start-up and
shutdown transients in fuel cell stacks.5 They coupled a steady-state
electrochemical model based on experimental data with a transient
thermal model to form an overall transient model. Consequently,
their model predicted only the transients due to thermal diffusion,
which were of the order of several minutes for their stack geometry.

Um et al. were among the first to use a full multidimensional
model to study fuel cell transient performance.6 They studied the
phenomenon of current overshoot in response to a step change in
cell voltage. Overshoot was found to be due to instantaneous charge-
transfer reaction, whereas subsequent evolution of concentration
fields led to a gradual settling down of cell voltage. Wang and Wang
elucidated transients due to humidity, load, and voltage changes.7,8

In a later work, dewetting dynamics of gas diffusion layers was
further considered in addition to membrane water transport.9 They
identified key controlling parameters and typical time scales of con-
trolling phenomena and found membrane water transport to be the
dominant mechanism controlling transient behavior. Pathapati and
co-workers formulated a dynamic model based on empirical equa-
tions for simulating transient response.10 Their model identified the
high proton concentration in a cathode catalyst layer as the main
contributor to voltage undershoot. Natarajan and Van Nguyen used a
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two-dimensional, multicomponent model to study transients occur-
ring in a fuel cell cathode.11 Water transport was identified as the
main process controlling transient response and is responsible for
restricting mass transfer under the land.

Shimpalee and co-workers used modeling techniques to study the
effect of stoichiometry on current transients following an imposed
change in voltage.12 Local nonuniformity in current density distri-
bution is identified as the primary cause of overshoot in current. The
experimental study reported by Kim et al. identifies hydrogen utili-
zation on the anode side as the driving mechanism behind transient
response.13 First- or second-order response has been reported de-
pending on whether the step change is toward higher �excess� or
lower �starved� stoichiometry. Ito et al. modeled fuel cell transients
using an equivalent electric circuit and mass balance technique.
They concluded that the instantaneous response time for cell voltage
can be represented by the time constant of double-layer capacitance,
whereas settling time is related to the time constant of water diffu-
sion in the membrane.14

Yu and Ziegler15 reported the occurrence of hysteresis phenom-
ena during forward and reverse sweeps of load. They identified
short-term hydration and dehydration of membrane as the primary
reasons for the hysteresis loop. They concluded that during forward
sweep �increasing current�, the membrane operates in a water-lean
state, leading to increased ohmic losses. In reverse sweep, however,
the membrane operates in a water-rich state, leading to higher
diffusion-related losses.

Takaichi et al. reported measurements of membrane-specific re-
sistance for a hydrogen–oxygen system in the through-plane direc-
tion, under a step change in load from 0.002 and up to 0.3 A/cm2.16

They used an approach that involved using a sandwich of eight 25
µm Nafion membranes and inserting thin Pt probes between each
layer to record interlayer proton conductivity and hence estimate the
water content in that segment. On imposing a step increase in cur-
rent, they found an increase in membrane resistance in the anode
half of the composite membrane and a corresponding decrease in the
cathode half. The magnitude of increase or decrease was propor-
tional to the magnitude of current step and to vary inversely with gas
relative humidity �RH�. Their results provide valuable insight into
the internal distribution of membrane water, but are restricted to
oxygen-fed systems, which are practically unaffected by any liquid
water flooding on the cathode side. Also, their test conditions repre-
sent transients during the initial start-up of a fuel cell system that
cannot be extrapolated to predict response under dynamic load con-
ditions.

In summary, the mechanisms identified so far generally center
around the membrane and include a range of processes such as
partial membrane dehydration, momentary flooding in the catalyst
layer, uneven current density distribution, instantaneous shortfall in
fuel and oxidant supply, and transition between water-rich and
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water-lean states. In light of such widely varying theories, there
appears to be a need for experimental work to determine the primary
source of performance shortfall. In particular, interactions of fuel
cell transients with RH through membrane hydration or dehydration
should be clarified. Moreover, a means of predicting the magnitude
of loss of power under changing load conditions, which is essential
for the design and sizing of fuel cell systems, needs to be addressed.
In the present work, we present an experimental study examining
transient response following a step change in operating current den-
sity using cell voltage and high frequency resistance �HFR� as the
primary response parameters.

Experimental

Fuel cell.— Experiments were conducted on a fuel cell with an
effective area of 5 cm2. A small area helps in minimizing nonuni-
formities in reactant concentrations, temperature, and current densi-
ties. The membrane electrode assembly used in this study consisted
of a 30 µm Gore membrane coated with a 10 µm catalyst layer and
a 200 µm hydrophobic gas diffusion layer made of carbon paper,
coated with a microporous layer. Reactants flowed in a 13-turn,
single-channel serpentine flow field of dimensions 1 mm � 0.75
mm � 30 cm etched on graphite bipolar plates. The cell was main-
tained at a constant temperature of 80°C �measured in the interior of
the bipolar plates� with the help of thermostatically controlled car-
tridge heaters and operated under a back pressure of 1 atm �gauge�.
High purity hydrogen and breathing quality air were used as reac-
tants.

Test setup and instrumentation.— Testing equipment consisted
of a Teledyne fuel cell test station capable of controlling the flow
rates of fuel and oxidant and their humidification levels together
with a built-in data acquisition system for recording voltage, current,
and HFR measurements in real time through a PC based software.
Voltage and current were recorded at a sampling interval of 100 ms,
while HFR was recorded at 2 s intervals at an ac frequency of 1
kHz.

Operating conditions and test procedure.— Current density steps
of 0.2–0.5 and 0.2–0.8 A/cm2 and gas RHs of 42, 66, and 100%
were considered in this study. Reactant flow rates were chosen so
that a minimum stoichiometry of 2 at 0.8 A/cm2 was achieved. Ini-
tial steady state was achieved by operating the cell at the given
condition for a period of 15 min. Steady state was characterized by
a constant cell voltage and membrane HFR. Once steady state was
reached, the current step was imposed on the cell and the time
response of cell voltage and HFR was monitored for a period of
about 5 min, after which the cell voltage reached a relatively steady
state. The magnitude of voltage under- and overshoot was then cal-

Figure 1. �Color online� Schematic sketch showing time response of voltage
to a step change in current density.
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culated with respect to this steady voltage. Several test readings
were taken under each operating condition and a representative data
set was selected for analysis.

Results and Discussion

Transient response to step increase in current.— Effect of gas
RH.— Externally humidified reactants provide a continuous supply
of moisture into the cell, which helps maintain the membrane in a
hydrated condition. The voltage drop across the cathode catalyst
layer is also known to be dependent on the level of gas
humidification.17 By separately varying the humidification levels on
the anode and cathode sides, the effect of membrane dry-out and
electrode flooding can be tested. Measurement of the magnitude of
voltage undershoot helps quantify their impact.

Consider first the step change from 0.2 to 0.5 A/cm2. The hu-
midification level of 66% on the anode and cathode sides is taken as
the baseline condition. Experiments were conducted at a constant
flow rate corresponding to a stoichiometry of 1.6 at a current density
of 1 A/cm2. Figure 2 shows the voltage and HFR response obtained
by separately varying the cathode and anode side RH. As seen in
Fig. 2a, a voltage undershoot of 25 mV is recorded for the baseline
condition. On increasing the cathode side RH to 100%, the under-
shoot decreases to about 7 mV, whereas on decreasing RH to 42%,
the undershoot increases to 42 mV.

Similarly from Fig. 2b, increasing the anode RH to 100% de-
creases undershoot to 10 mV, whereas decreasing RH to 42% results
in a higher undershoot of 32 mV. These results indicate that the
initial hydration state of the membrane plays a significant role in
controlling the magnitude of voltage undershoot. The higher the
membrane water content, the lower the voltage undershoot. The time
response of membrane HFR for the cases considered above is shown
in Fig. 3. Drier gases result in a higher initial membrane resistance
and hence a higher undershoot in voltage. By having humidified
reactants, the level of water retained in the membrane is increased
and hence the magnitude of voltage undershoot is reduced signifi-
cantly. However, under the conditions shown, the effect of humidi-
fication is similar irrespective of whether the anode or cathode sides
are humidified.

A similar set of experiments was performed for the step change
from 0.2 to 0.8 A/cm2 and also at a higher flow rate. Table I gives a
summary of the magnitude of voltage undershoot and the change in
HFR between the initial and final steady states for all the test con-
ditions considered. Operation of the cell from 0.2 to 0.8 A/cm2 un-
der some high RH conditions results in mass-transport-limited per-
formance; therefore, a clear undershoot with respect to a steady-state
voltage could not be identified. However, it is generally observed
from this set of results that a higher humidification level resulted in
a decrease in the magnitude of voltage undershoot. This observation
clearly establishes the significance of the hydration state of the
membrane on transient response.

The above results also indicate a correlation between the magni-
tude of voltage undershoot and the difference in HFR between the
initial and final steady states. Membrane HFR depends on the state
of membrane hydration, which in turn depends on gas RH. There-
fore, voltage loss increases at a lower RH and decreases at a higher
RH. At a higher flow rate �stoichiometry of 3.2 at 1 A/cm2�, voltage
loss is equally sensitive to both anode and cathode side RH. Increas-
ing or decreasing either RH gives similar HFR conditions and,
hence, a similar voltage response.

On the basis of experimental observations, the mechanism con-
trolling the occurrence of an undershoot in cell voltage is a short-
term increase in membrane resistance caused by the movement of
water within the membrane from the anode to the cathode side by
electro-osmotic drag �EOD�. The time scale for this process is small
as the water is carried by the protons across the membrane. This
instantaneous movement of membrane water potentially causes a
short-term flooding of the cathode catalyst layer, further increasing
the magnitude of voltage loss. Thereafter, water back-diffusion
CS license or copyright; see http://www.ecsdl.org/terms_use.jsp
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�WBD� sets in, countering the imbalance in membrane water caused
by EOD. The time scales for these two processes based on typical
values of parameters4,7 are given by

tEOD � tdl = �CL
2 aC� 1

�
+

1

�
� = 0.2 �s �1�

tWBD =
�m

2

Dw
m �

�30 � 10−6�2

1 � 10−10 � 9 s �2�

Thus, the phenomenon of water imbalance occurs within an in-
terval spanning a few microseconds immediately after the step in-
crease in current. Experimental measurements of HFR shown in Fig.
3 could not capture this subsecond time-scale phenomenon due to a
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sampling interval of 2 s, a constraint imposed by the measurement
technique. The magnitude of the peak in membrane resistance was
determined indirectly as shown later. Beyond this time interval,
transport of water occurs by diffusion within the membrane and
catalyst layers, which eventually leads to a new equilibrium, and in
the process gradually brings down the membrane resistance. Figure
4 schematically illustrates the various stages occurring during the
transient process.

Anode dry-out and cathode flooding.— The experimental observa-
tions discussed above indicate that voltage loss may be contributed
by dry-out on the anode side and possible flooding in the cathode
catalyst layer. To test this theory, experiments were carried out using
pure oxygen instead of air. Pure oxygen has a higher limiting current

40 60 80 100

Time (s)

ct of anode RH

RHa/c= 42/66 %
66/66 %

100/66 %

Figure 2. �Color online� Effect of anode
and cathode RH on voltage response un-
der step change from 0.2 to 0.5 A/cm2

��H2/air = 1.6 at 1 A/cm2�. The magnitude
of voltage undershoot is shown in units of
mV.
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Figure 3. �Color online� Variation of
membrane HFR corresponding to Fig. 2.
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and is relatively unaffected by any flooding in the cathode catalyst
layer. Therefore, the magnitude of voltage undershoot observed is
solely due to the effect of dry-out on the anode side. A comparison
of polarization curves and membrane HFR data for air and oxygen is
shown in Fig. 5. As seen in the figure, oxygen delivers a higher cell
voltage and a higher limiting current density as compared to air and
is virtually unaffected by liquid water flooding on the cathode side.

Table I. Summary of experimental measurements under various ope

Current step
�A/cm2�

RHo, RHc
�%�

�H2/air =

�Vu
�mV�

0.2 → 0.5 66, 66 25
66, 42 42

66, 100 7
42, 66 32

100, 66 10

0.2 → 0.8 66, 66 —
66, 42 70

66, 100 —
42, 66 —

100, 66 —

Figure 4. �Color online� Schematic showing the stages of membrane water
imbalance.
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From Fig. 5 the membrane HFR values are lower for oxygen
than for air, thus indicating a higher membrane water content in the
cell. This is due to a lower flow rate with pure oxygen as compared
to that with air under identical stoichiometric conditions. Therefore,
for load-change experiments, to justify a true one-on-one compari-
son, equality of flow rates rather than stoichiometry is used and
experiments are conducted with pure oxygen at the same flow rate
as that of air. This creates dynamically similar conditions and en-
sures equivalent water content within the cell.

Tests were conducted at two load-change conditions of 0.2–0.5
and 0.2–0.8 A/cm2 and gas RH levels of 42, 66, and 100%. A sum-
mary of results for the H2/air and H2/O2 systems is shown in Table
II. It is seen that the magnitude of voltage undershoot is generally
lower with oxygen than with air. Also, the magnitude of voltage loss
decreases with increasing RH and increases with current-step mag-
nitude. Assuming the diffusion of oxygen remains largely unaffected
by any flooding in the cathode catalyst layer, the measured under-
shoot in voltage may be attributed to the effect of dry-out on the
anode side. In other words, the difference in voltage undershoot

conditions.

t 1 A/cm2 �H2/air = 3.2 at 1 A/cm2

∆ HFR
�m� cm2�

�Vu
�mV�

∆ HFR
�m� cm2�

22 22 20
53 28 28
0 7 5

35 28 32
2 8 8

7 35 30
25 70 57
— — 5
20 62 32
— — 8

1 1.5 2

ensity, i (A/cm2)

H2/Air
H2/O2

Figure 5. �Color online� Comparison of
polarization curves and corresponding
HFR values with air and oxygen on cath-
ode side at a stoichiometry of 4 and 66%
RH.
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between the two cases may be attributed to the effect of flooding of
the cathode catalyst layer immediately following the current-step
increase.

The ratio given in the last column of Table II gives the contribu-
tion of anode side dry-out expressed as a percentage of the total. It
is seen that in almost all cases, anode side dry-out plays a major role
in determining the magnitude of voltage undershoot. These experi-
mental observations corroborate the simulation results of Wang and
Wang8 and the conductivity measurements reported by Takaichi et
al.16 However, our results also indicate that other factors, such as
flooding on the cathode side, for example, come into play but have
a minor impact.

Relationship between voltage undershoot and ∆HFR.— Experimen-
tal results indicate that membrane water content plays an important
role in determining the magnitude of voltage undershoot. As HFR
gives a good indication of membrane water content, a relationship
between the magnitude of voltage undershoot and membrane HFR is
useful for predicting the magnitude of performance loss and thus
aiding in the design and sizing of the fuel cell system.

In general, the equation for cell voltage is given by

V = Voc − 	act − i�Re− + RH+
� − 	mt �3�

In the above equation, the electronic resistance �Re−� includes the
contact resistances at the various interfaces as well as the bulk re-
sistance of gas diffusion layer and the carbon substrate in the cata-
lyst layers and may be considered as constant for a given cell as-
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Table II. Comparison of voltage undershoot for H2Õair and H2ÕO2 sy

Current step
�A/cm2�

RHo, RHc
�%�

H2/air

�Vu,air

0.2 → 0.5 42 58
66 25

100 15

0.2 → 0.8 42 85
66 60

100 —
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sembly. The protonic resistance �RH+
� consists of the resistance of

the membrane as well as that of the ionomer in the anode and cath-
ode catalyst layers and is a function of their respective water con-
tent, which in turn is a function of operating conditions.17

As per the experimental protocol, at time t = 0, there is a step
increase in current density. As the time scale associated with the
electrochemical process of double-layer charging is negligibly small
compared to that of diffusion of membrane water,7 it is reasonable to
assume that the time lag in the change of either the anode and
cathode overpotentials �	act� or the current density �i�, which is
electronically controlled by the test station, is negligibly small.
Hence, only the hydration-dependent protonic resistance of the
membrane and the ionomer in the catalyst layers undergo a change
with time.

An equation for voltage undershoot may be written as

�Vu = Vt→
 − Vt=0+ �4�

Substituting from Eq. 3 and rearranging, we get

�Vu = if�1 + c��Rm + �if�Rm,peak + �	mt� �5�

where if is the final current density and the parameters c, �Rm, and
�Rm,peak are given by

c = ��Racl
H+

+ �Rccl
H+

�/�Rm �6�

�Rm = �Rm�t=0− − �Rm�t→
 �7�

100 120

+ 11.6

Figure 6. �Color online� Relationship be-
tween voltage undershoot and ∆HFR for
the two current density steps studied.
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�Rm,peak = �Rm�t=0+ − �Rm�t=0− �8�

Equation 5 yields a linear relationship between voltage undershoot
and the difference in membrane resistance between the initial and
final steady states �known from HFR measurements�. The slope of
the line represents the change in protonic resistance of the mem-
brane and ionomer in the catalyst layers. The y-intercept gives the
magnitude of the spike in membrane resistance occurring as a result
of membrane water imbalance and the contribution of any mass-
transport effects.

Figure 6 shows the Vu-HFR plot for the two current steps con-
sidered. The equation of the best-fit line obtained by linear regres-
sion is also shown. The role of membrane water content on the
magnitude of voltage undershoot is clearly demonstrated from the
data. A higher membrane water content leads to a lower HFR and
therefore a lower undershoot in cell voltage. Based on the slopes of
the lines, and for the two current steps considered, the contribution
of the catalyst layers �given by parameter c in Eq. 5� is about 14 and
20%, respectively.

The y-intercept represents the effect of the instantaneous rise in
membrane resistance and diffusion-related losses. As the operating
conditions considered in this study fall in the ohmic-dominated re-
gion of the polarization curve, mass-transport losses may be as-
sumed to be small. Therefore, the instantaneous jump in membrane
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Table III. Measurement of voltage overshoot and change in HER un

Current step
�A/cm2�

RHo, RHc
�%�

�H2/air =

�Vo
�mV�

0.5 → 0.2 42 23
66 22
100 22

0.8 → 0.2 42 37
66 30
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resistance �given by Eq. 8� may be calculated from the y-intercept in
Fig. 6 and is about 23 and 33 m� cm2, respectively, for the two
current steps.

Transient response to step decrease in current.— In this section,
transient response following a step decrease in current density is
considered. We sought to investigate any evidence of hysteresis in
voltage response in the forward and reverse directions. In general, as
illustrated in Fig. 1, a sudden drop in current density is accompanied
by a surge or overshoot in cell voltage, which then decreases gradu-
ally to its steady-state value. The underlying mechanism appears to
be the converse of that during current increase. In the initial steady-
state condition, under a higher current density and a low real sto-
ichiometry, the water content in the membrane is also at a higher
level. As current density drops with flow rate remaining constant,
water production rate also drops but the effective stoichiometry in-
creases. For a short time interval there is excess water present in the
membrane and ionomer phase causing a higher protonic conductiv-
ity, which results in an initial surge in cell voltage. Thereafter, as the
water diffuses out of the membrane, its resistance increases and
hence cell voltage decreases gradually and reaches its steady-state
value.

Figure 7 gives the voltage and HFR response for a step decrease
in current density at a constant flow rate corresponding to a stoichi-
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Time (s)

0.8 → 0.2 A/cm2

0.5 → 0.2 A/cm2

Figure 7. �Color online� Transient re-
sponse of voltage and HFR after current
step decrease at 42% RH and constant
flow rate corresponding to H2/air stoichi-
ometry of 3.2 at 1 A/cm2.

urrent step decrease.
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ometry of 3.2 at 1 A/cm2 and external humidification set at 42%
RH. As seen in the figure, the magnitude of overshoot is propor-
tional to the magnitude of the current step.

Table III gives a summary of voltage and HFR measurements
under a range of operating conditions and at constant flow rate con-
ditions. The negative value for ∆HFR indicates that it increases
between the initial and final steady states. It is seen that the over-
shoot in cell voltage is higher at lower RH and vice versa, with the
magnitude of voltage overshoot being proportional to the magnitude
of current step. Diffusion of excess water from the membrane is the
driving mechanism for voltage and HFR response.

Table IV gives a comparison of voltage response after current
increase and decrease. Flow rate is maintained at a constant value
corresponding to a stoichiometry of 3.2 at 1 A/cm2. It is observed
that at 42% RH, the magnitude of voltage undershoot during current
step increase is about twice as large as the voltage overshoot during
current step decrease. However, at 66% RH, voltage over- and un-
dershoot are about equal for the current step of 0.2–0.5 A/cm2, but
undershoot is a little higher for the current step of 0.2–0.8 A/cm2.
This difference is due to the level of water content in the membrane
before and after the change in current.

Conclusions

The following are the main conclusions from this study.

1. The primary mechanism for voltage undershoot is dry-out of
the membrane occurring on the anode side, which causes an instan-
taneous increase in HFR. Back-diffusion of water from the cathode
side helps in replenishing water in the membrane and in the ionomer
phase of catalyst layers, leading to a gradual recovery of cell volt-
age.

2. A linear relationship between the magnitude of voltage under-
shoot and the difference in membrane HFR between the initial and
final states was demonstrated. Maintaining higher RH conditions at
the anode side gives a better transient response and minimal voltage
undershoot.

3. On subjecting the cell to a step decrease in current, an over-
shoot in cell voltage is observed, which is due to excess water
present in the membrane causing a short period of high protonic
conductivity. As excess water diffuses out of the membrane, the cell
voltage settles down to its steady-state value.

4. Under low RH conditions, an asymmetrical response is ob-

Table IV. Magnitudes of voltage undershoot and overshoot fol-
lowing a step increase and decrease in current density. Flow rate
of H2Õair corresponds to a stoichiometry of 3.2 at 1 AÕcm2.

Current step
�A/cm2�

RHo RHc

42% 66%

0.2 → 0.5 �Vu = 45 mV �Vu = 22 mV
0.5 → 0.2 �Vo = 23 mV �Vo = 22 mV
0.2 → 0.8 �Vu = 87 mV �Vu = 35 mv
0.8 → 0.2 �Vo = 35 mV �Vo = 30 mV
served in current step-increase and step-decrease conditions. Voltage
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undershoot at these conditions is about twice as large as the voltage
overshoot. However, at higher RH conditions, this discrepancy de-
creases and the behavior tends to be more symmetrical, with the
magnitudes of over- and undershoot becoming approximately equal.

5. In addition to the operating conditions �namely, current den-
sity, flow stoichiometry, and humidification�, other factors such as
membrane thickness and its physical properties and the level of
ionomer content in catalyst layers play an important role in transient
response characteristics under load changes.
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List of Symbols

a effective catalyst area per unit volume, m2/m3

C capacitance, �F/cm2

Dw
m water diffusion coefficient in membrane, m2/s
i current density, A/cm2

Re−
electronic resistance, m� cm2

RH+
protonic resistance, m� cm2

tdl time constant for double-layer charging, s
V cell voltage, V

Voc open-circuit voltage, V

Greek

�m membrane thickness, m
�Vo, �Vu voltage overshoot and undershoot, V

� stoichiometry
	act activation overpotential, V
	mt mass-transport overpotential, V

� protonic conductivity, S/m
� electronic conductivity, S/m
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